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EDITORIALS 


Pull  Together 

The  Journal  now  enters  a  new  era  of  opportunities  and 
responsibilities.  For  a  time  at  least,  while  chemical  and 
general  industry  remains  stationary,  there  is  likely  to  be 
less  development  of  facilities  for  industrial  research  than 
can  be  considered  desu-able  or  perhaps  necessary  in  view  of 
all  the  facts.  With  the  compelling  force  of  war  removed 
it  will  be  more  necessary  than  ever  to  keep  in  \new  the  future 
of  chemical  industry  in  America  and  to  use  all  the  great 
influence  of  our  Society  and  Journal  to  the  end  that  neces- 
sary research  and  cordial  governmental  cooperation  with 
chemical  industries  essential  to  both  peace  and  defense  be 
not  relinquished.  That  Mr.  Howe,  our  new  editor,  with 
the  aid  and  backing  of  the  Society,  can  and  will  carry  out 
to  its  completion  the  program  of  work  already  so  ably  begun 
is  assured.  In  accomphshing  his  task  he  has  the  cordial 
good  wishes  of  all  of  us.  W.  D.  Richabdson 


What  of  Chemical  Industry? 

The  tide  of  the  great  war  was  turned  the  day  that  necessity 
drove  the  Allies  to  coordinated  effort,  and  forced  upon  them 
a  poUcy  of  cooperation  imder  a  single  commander  with  fuU 
power.  A  machine  without  coordination  of  moving  parts 
is  junk;  a  business  enterprise  not  weU  coordinated  is  ad- 
vancing to  meet  the  sheriff,  and  a  regiment  of  men  not  trained 
in  coordination  of  action  is  simply  a  mob;  yet  it  took 
the  aUied  nations  three  years'  time  and  a  near-defeat  to  see 
that  national  and  world  problems  are  governed  by  simple 
home-known  rules. 

American  Chemical  Industry  is  being  hard  pressed  these 
days.  Foreign  competition,  tariff  delay,  governmental 
regulation,  labor,  freight  and  fuel  costs,  foreign  exchange, 
all  seem  to  be  wonderfully  organized  and  perfectly  coordi- 
nated under  the  unified  command  of  General  Business 
Depression,  with  headquarters  somewhere  in  the  U.  S.  A. 
American  Chemical  Industry  has  lost  much  ground  in  the 
fight  against  the  General  and  the  di\'isions  he  has  marshaled 
with  such  uncanny  skUl,  largely  because  they  have  not  seen 
the  light  of  full  and  complete  coordination  of  effort  even  as 
the  AUies  did. 

Is  it  not  about  time  for  American  Chemical  Industry 
to  lay  aside  localisms,  party  poUtics,  commercial  smoke 
screens  or  whatever  it  is  that  stands  in  the  way,  and  come 
out  in  the  open,  as  the  Allies  finally  had  to  do,  consohdate 
the  whole  interest  into  a  common  battle  fine,  unify  the 
command,  appoint  a  Commander-in-Chief  with  power,  and 
settle  the  question  here  and  now  in  1922,  as  to  whether  or 
not  we  are  going  to  have  a  real  American  Chemical  Industry? 

M.  C.  Whitaker 


Stand  behind  the  Editor 

With  this  issue,  a  new  hand  guides  the  policies  of  This 
Journal.  Upon  the  shoulders  of  the  Editor  falls  the  re- 
sponsibiUty  for  reflecting  the  sentiment  of  the  more  than 
15,000  members  of  the  American  Chemical  Society.  His 
is  the  voice  which  speaks  the  opinion  of  the  chemists  of 
this  country,  whether  it  pertain  to  matters  of  professional 
interest,  to  the  country's  economic  and  industrial  welfare, 
or  to  patriotic  response  to  the  Nation's  need.  There  is  no 
way  by  which  the  Editor  can  better  feel  the  pulse  of  the 
Society  than  by  direct  communication  with  its  members, 


individually  or  through  the  collective  groups  in  the  Local 
Sections.  Write  to  the  Editor  with  every  constructive  sug- 
gestion you  can  offer  for  the  improvement  of  This  Journal. 
Such  letters  have  come  to  the  Editor's  desk  all  too  seldom. 
Again,  the  readers  make  the  atmosphere  which  leads  firms 
to  seek  the  advertising  pages.  Mention  This  Journal 
when  corresponding  with  advertisers,  present  or  prospective. 

It  is  a  physical  impossibiUty  for  the  Editor  personally 
to  cover  all  fields  necessary  to  keep  the  pages  ahve  and 
up-to-date.  Individual  members  can  be  of  great  assistance 
to  the  Editor  in  locating  hidden  mines  of  information.  It  is 
to  be  hoped  the  day  will  soon  arrive  when  the  Society's 
financial  condition  wiU  justify  the  addition  to  the  editorial 
staff  of  an  adequate  field  force. 

Speaking  out  of  the  abundance  of  five  years'  experience, 
I  would  urge  that  the  members  of  the  Society,  individually 
and  coUectivelj^  stand  dynamically  behind  the  incoming 
Editor.  Energetic  cooperation  will  make  Tms  Journal 
hum.  Chas.  H.  Herty 

Howdy- 
Fellow  chemist,  please  meet  the  new  Editor!    And  before 
you  read  further  turn  back  to  page  2  of  This  Journal  for 
1917  and  look  again  at  Dr.  Herty's  "By  Way  of  Introduction." 
He  has  come  near  his  mark.    May  we  come  as  near  ours. 

We  conceive  our  work  to  be  that  of  helping  to  advance 
technical  chemistry,  to  aid  chemical  industry  and  all  industry 
by  espousing  the  cause  of  scientific  and  industrial  research 
(if  there  is  a  difference),  and  to  create  a  proper  appreciation 
and  understanding  of  chemistry  among  our  nonchemical 
people.  We  must  keep  in  mind  the  average  man,  whether 
it  be  in  the  articles  we  accept  or  any  work  performed.  We 
must  never  forget  that  progress  depends  upon  fundamental 
research  and  that  it  is  from  industry  that  we  derive  support 
vital  for  such  research.  To  cooperation  we  must  add  cor- 
relation and  coordination. 

WTiile  we  have  been  reminded  that  we  have  more  than 
15,000  bosses  who  cannot  be  pleased  simultaneously,  we  pre- 
fer to  count  on  more  than  15,000  helpers.  We  are  stock- 
holders together  in  this  enterprise.  This  is  Your  journal. 
The  Editor  wants  your  frank  opinion,  suggestive  or  unfavor- 
able, as  it  may  be.  We  hope  to  hear  policies  and  needs  dis- 
cussed in  various  Local  Sections  as  was  so  successfully  done 
by  the  New  York  Section  December  9. 

We  chemists  still  have  a  deal  of  work  to  do.  We  can  do  it 
together.    Let's  go. 

The  StaflF 

The  Du'ectors  have  been  able  to  appropriate  a  modest  sum 
for  an  Associate  Editor  who  is  to  be  appointed.  His  head- 
quarters will  be  in  New  York  City,  and  he  will  devote  himself 
to  plant  and  field  in  an  effort  to  build  up  the  technological 
side  of  the  Journal.  This  addition  to  the  staff  has  long  been 
desired  and  is  sure  to  add  strength.  The  Assistant  to  the 
Editor,  Miss  N.  A.  Parkinson,  is  thoroughly  experienced,  and 
comes  to  us  from  the  Journal  of  the  Association  of  Official 
Agricultural  Chemists,  where  she  has  been  Associate  Editor. 
Miss  Thomas,  Miss  Reynolds,  and  Miss  Gordon  will  continue 
their  valuable  work. 

The  new  headquarters  will  be  810  Eighteenth  Street, 
N.  W.,  Washington,  D.  C.  Here  we  shall  be  easily  accessible 
by  whatever  route  you  travel  in  the  city. 

"Come  in,  rain  or  shine." 


Jan.,  1922 
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Appreciation  and  a  Wish 

It  is  really  remarkable  how  our  Society  has  grown  and 
how  it  has  become  a  potent  factor  in  everyday  life. 

In  quietly  going  over  its  several  publications  evidence 
appears  that  it  is  interested  not  only  in  pure  science,  but 
in  the  application  of  the  principles  of  the  science  to  aU  in- 
dustries   dependent    upon    such    principles. 

One  must  feel  proud  of  the 
splendid  contributions  which 
fill  the  pages  of  the  Journal  of 
the  American  Cliemical  Sociely, 
and  one  must  also  recognize 
the  worth-while  things  ap- 
pearing in  the  Journal  of 
Industrial  and  Engineering 
Chemistry.  The  contributions 
to  the  latter  Journal  are 
most  helpful  to  the  great  rank 
and  file  of  American  chemists, 
who  are  giving,  in  a  very  un- 
selfish way,  their  best  efforts 
to  the  establishment  of  indus- 
tries in  the  home  land,  a  goal 
to  which  American  chemists 
have  aspired  since  the  found- 
ing of  the  Republic. 

Again,  Chemical  Abstracts 
must  appeal  to  every  member 

of  the  Society.  It  has  meant  very  much  to  me  in  my  own 
work.  It  has  directed  me  to  hundreds  of  papers  which, 
perhaps,  would  have  escaped  my  attention,  or  which  I  would 
have  discovered  only  after  long,  tedious  search. 

One  of  the  happiest  moments  I  have  had  during  the  past 
year  was  when  it  was  determined  to  institute  a  section  on 
Chemical  Education.  Our  teachers  deserve  the  very  best 
that  can  be  provided.  Most  of  them  are  also  investigators, 
heroically  devoting  themselves  to  instilling  the  principles 
of  chemistry  into  the  minds  of  vast  student  bodies  destined 
for  future  industrial  activity.  Much  of  this  noble  work  is 
being  done  under  most  unsatisfactory  conditions.  The 
first  meeting  of  teachers  of  chemistry,  in  New  York  last 
September,  showed  clearly  how  eager  they  were  to  be  of 
service  in  this  fundamental  preparation  and  to  make  sacrifice 
for  the  best  interests  of  chemistry  throughout  the  land. 

I  can't  refrain  from  expressing  the  wish  that  as  all  the 
many  interests,  represented  in  the  great  membership  of  the 
Society,  are  working  for  the  upbuUding  of  American  chem- 
ical industries,  sight  will  not  be  lost  of  the  fact  that,  reci- 
procity is  only  fair;  and  that  the  industries  as  they  arise, 
develop,  and  succeed,  shall  see  to  it  that  ample  means  are 
provided  for  research  in  pure  science,  for  the  erection  of  lab- 
oratories, for  the  maintenance  of  a  well  qualified  group 
of  experimenters,  and  last  but  not  least,  for  the  payment 
of  adequate  salaries  to  our  self-sacrificing  teachers,  that 
they  may  be  easy  in  mind  and  able  to  throw  themselves 
wholeheartedly  into  their  particular  occupation. 

There  is  no  reason  at  all  why  such  should  not  be  the  case; 
and  it  ought  to  be  our  purpose  to  acquaint  our  neighbors 
of  the  great  laity  as  to  what  chemical  science  is,  how  closely 
it  comes  to  every  man,  woman  and  child  of  our  country, 
how  its  pursuit  is,  in  the  end,  their  happiness  and  comfort, 
and  that  they  should  be  supporters  and  benefactors  of  a 
profession  of  which  it  is  an  honor  to  be  a  part. 

The  achievements  in  publication  and  in  other  directions 
have  been  due  largely  to  the  loyal  support  given  the  Society. 
Continued  support  may  be  counted  upon  to  accomplish  our 
future  tasks. 

Edgar  F.  Smith 


This  people  of  Washington  and  Lincoln  are 
conquering  the  difficult  problems  of  to-day,  no 
less  worthily,  and  with  the  faith  and  confidence 
which  they  bequeathed  to  us.  We  are  sure  to 
find  the  ways  to  restored  prosperity  and  our 
meed  of  happiness. — Wabren  G.  Harding. 


The  above  message  is  the  first  ever  signed 
by  a  President  of  the  United  States  for 
billboard  purposes.  It  is  being  used  in  a 
prosperity  campaign  by  the  International 
Association   of  Rotary  Clubs. 


Distinguished    Service 

Five  years  ago,  on  January  the  first,  1917,  Dr.  Chas.  H. 
Herty  entered  upon  his  duties  as  editor  of  This  Journal. 
They  have  been  years  of  great  events  in  the  world  at  large 
and  years  of  extraordinary  activity  in  the  field  of  our  pro- 
fession. During  all  tliis  period  of  development  and  stress 
the  Journal  of  Industrial  and  Engineering  Chemistry  under 

Dr.  Herty's  guidance  has  faith- 
fully reflected  the  advances  in 
the  applications  of  chemistry, 
to  industry  and  warfare,  which 
have  so  profoundly  influenced 
both.  But  it  has  done  much 
more.  It  has  voiced  in  ag- 
gressive and  convincing  edi- 
torials the  sound  Americanism 
of  the  chemists  of  the  country. 
It  has  consohdated  opinion. 
It  has  made  clear  to  aU  who 
would  read  the  close  relation- 
ship between  the  chemical 
industries  and  national  pros- 
perity and  defense. 

To  reacli  a  wider  audience 
and  extend  the  influence  of  the 
Society  Dr.  Herty  established 
the  News  Service,  through 
which,  with  the  cordial  co- 
operation of  the  press,  the  notable  advances  in  chemistry 
have  been  placed  before  the  pubUc  and  their  bearing  upon 
the  affairs  of  the  community  made  manifest.  To  this  Service 
the  present  general  recognition  of  the  vital  significance  of 
chemical  science  is  largely  due. 

In  pursuance  of  his  clearly  defined  policy  of  establishing 
American  chemistry  in  its  true  relation  to  practical  affairs, 
Dr.  Herty  developed  a  singular  aptitude  for  the  presenta- 
tion of  its  claims  before  Congressional  Committees  and  pub- 
Uc bodies.  He  convinced  by  the  cogency  of  his  facts,  per- 
suaded by  the  charm  of  his  personality,  and  inspired  by  the 
splendid  courage  of  his  convictions. 

The  influence  of  Dr.  Herty  as  an  educator,  his  efficiency 
as  an  administrator  when  president  of  the  Society,  and  his 
distinguished  success  an  an  editor  were  due  not  only  to  his 
chemical  scholarship,  but  in  large  measure  to  his  exceptional 
personal  quality.  He  combines  the  courtesy  of  the  Southern 
gentleman  with  the  aggressiveness  of  the  crusader.  His 
remarkably  wide  acquaintance  is  a  working  asset  of  the 
utmost  value,  for  he  has  a  habit  of  converting  acquaintances 
to   friends. 

For  many  years  Dr.  Herty  has  been  an  outstanding  figure 
in  the  American  Chemical  Society.  Few,  if  any,  have 
served  it  more  variously  and  effectively.  He  has  earned 
and  carries  with  him  to  his  new  environment  the  gratitude 
and  good  wishes  of  the  chemists  of  America. 

A.  D.  Little 


Do  You  Remember? 

It  seems  only  a  few  days  ago  that  we  were  being  urged  to 
make  America  independent  in  essentials  and  the  then  Secre- 
tary of  the  Interior  was  urging  men  to  "rediscover  America." 
Among  other  things  we  wanted  a  potash  industry.  We 
wanted  it  so  badly  that  every  source  was  sought  and  tried. 
The  Government  experimented  with  kelp,  we  heard  much  of 
feldspar,  of  greensands,  of  alunite,  of  natural  lakes,  and  of 
California  deposits.  Progress  was  made,  milUons  were 
spent,  and  some  research  and  chemical  engineering  of  a 
high  order  performed.    Chemists  and  investors  knew  some- 
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thing  of  the  competition  to  be  met  when  normal  times  re- 
turned, but  they  counted  on  Americans  meaning  what  they 
said  when  they  clamored  for  a  potash  industrj'. 

So  research  was  recognized  as  the  key  to  the  situation — 
purer  product  at  lower  cost.  In  one  large  plant,  if  we  take 
the  cost  per  unit  of  K2O  during  the  first  four  montlis  of  1919 
as  100  per  cent,  it  was  58.3  per  cent  for  the  same  period 
of  1920  and  in  1921,  32.6  per  cent.  Quality  was  assured. 
Production  ran  into  thousands  of  tons  although  the  inspired 
daily  press  articles  would  have  you  believe  there  can  be  no 
American  potash  industry.  To  have  a  potash  industry  there 
must  be  a  market  for  potash. 

Before  us  is  a  copy  of  the  contract  between  "The  American 
Agricultural  Chemical  Company  and  others  with  Deutsches 
KaUsyndikat,  G.  m.  b.  H.,"  dated  September  28,  1921.  The 
full  list  of  buyers  who  are  parties  of  the  second  part  follows: 

The    American    Agricultural    Chemical    Company 

Virginia-Carolina    Chemical    Company 

International     Agricultural     Corporation 

Armour     Fertilizer     Works 

Swift     &     Company 

F.    S.    Royster    Guano    Company 

Arkansas     Fertilizer     Company 

Baugh    &    Sons    Company 

Berkshire    Fertilizer     Company 

Caraleigh     Phosphate    &    Fertilizer     Company 

Darling     &     Company 

E.  Rauh     &     Sons     Company 
Federal    Chemical    Company 

F.  V/.     Tunnell     &     Company 
Georgia   Fertilizer   &   Oil    Company 

G.  Ober  &  Sons  Company 
GrifRth  &  Boyd  Company 
Gulf     Fertilizer     Company 

I.    P.    Thomas    &    Son    Company 

Miller   Fertilizer   Company 

Mutual    Fertilizer    Company 

Olds     &     Whipple 

Piedmont-Mt.    Airy    Guano    Company 

Read     Phosphate     Company 

Reliance     Fertilizer     Company 

Richmond    Guano    Company 

Robertson  Fertilizer   Company,   Inc. 

Rogers    &    Hubbard    Company 

Smith    Agricultural    Chemical    Company 

Southern   Fertilizer  &   Chemical   Company 

W.    B.    Tilghman    Company,    Inc. 

Wuichet     Fertilizer      Company 

Wilson    &    Toomer    Fertilizer    Company 

York   Chemical  Works 

These  firms  agree  to  purchase  at  least  75  per  cent  of  their 
requirements  on  this  contract,  this  amount,  35,680  tons,  being 
lumped  together  to  obtam  extra  quantity  discounts.  The 
contract  is  too  long  to  reprint.    We  quote: 

1 — Such  participant  shall  state  in  its  price  lists  that  Potash 
can  now  be  had  in  all  required  quantities,  and  that  it  is  ad- 
visable to  buy  mixed  goods  containing  as  high  a  percentage  of 
Potash  as  is  suitable  to  the  respective  crops;  and 

2 — Such    participant    shall   instruct   its    selling    organization 
and  salesmen  to  sell  and  recommend  mixed  goods  containing  as 
high  a  percentage  of  Potash  as  is  suitable  to  the  respective 
crops. 
Such  cooperation  is  rewarded  by  an  extra  discount! 

And  as  for  anti-dumping: 

Seller  hereby  also  assumes  and  agrees  to  pay  any  tax  or  duty 
affecting  deliveries  under  this  contract  which  may  be  imposed 
or  assessed  by  the  United  States  Government  under  the  Anti- 
Dumping  Act  of  1921  or  any  amendment  thereto  which  may  be 
hereafter  enacted  provided  however  in  case  of  such  amendment 
Seller  shall  not  be  required  to  pay  any  tax  or  duty  in  excess  of 
amount  of  tax  payable  under  existing  provisions. 

Now  what  of  the  remaining  25  per  cent,  an  amount  which 
our  industry  can  supply?  Bids  were  asked  November  14 
to  be  made  within  a  week.  November  16,  American  potash 
was  offered  to  meet  any  foreign  quotation,  even  though  that 
meant  a  loss  to  the  producers.  The  reply  came  that  if  the 
bid  had  been  made  a  few  days  before  tilings  might  have 
been  different  but  contracts  had  already  been  made  with 
French  interests.  Do  we  want  an  American  industry?  We 
would  Uke  to  know  more  about  the  factors  at  work  and 
whatever  other  side  there  may  be  to  this  transaction. 

Meanwhile  research  goes  forward  even  though  the  ware- 
houses are  full  of  American  potash  wliich  Americans  refuse 
to   purchase.    Do  we  want   the  industry? 


Creating  Good  Will 

In  the  Journal  of  Commerce,  New  York,  issue  of  December 
2,  there  appears  the  following  paragraph  under  the  caption 
"A.  C.S.  Not  a  Mendicant:" 

It  is  refreshing  to  find  one  organization  which  can  hold 
its  convention  and  practically  pay  its  own  way  and  which  at 
the  same  time  is  willing  to  do  so.  The  usual  thing  in  conventions 
is  for  the  committee  on  arrangements  to  solicit  as  much  money 
from  the  business  men  of  the  community  as  is  humanly  possible, 
spend  whatever  part  of  it  is  necessary  and  talk  of  refunding 
the  balance  pro  rata.  Somehow  these  refunds  are  never  made. 
The  recent  convention  of  the  American  Chemical  Society  fur- 
nished the  refreshing  contrast  to  this  attitude  on  the  part  of 
societies  and  organizations  in  general.  Plans  were  early  ma- 
tured by  the  committee  in  charge  calling  for  the  payment  of 
as  great  a  proportion  of  the  expenses  of  the  meeting  by  the  mem- 
bers themselves  as  possible.  It  was,  of  coinse,  necessary  to  do 
some  soliciting  of  funds.  So  successful  were  the  efforts  of  the 
committee,  however,  that  the  society  was  able  to  pay  approxi- 
mately SO  per  cent  of  its  own  expenses.  The  really  remarkable 
thing,  however,  was  the  handling  of  the  surplus.  Pro  rata 
return  of  all  funds  remaining  after  the  payment  of  expenses 
was  made  to  the  firms  who  contributed.  About  40  per  cent 
of  the  solicited  funds  were  returned  in  this  way.  Is  it  any  wonder 
that  many  cities  compete  for  the  honor  of  the  American  Chemical 
Society  meeting? 

Of  course  the  Journal  did  not  appreciate  that  on  several 
occasions  Local  Sections  of  the  Societ?  have  been  equally 
successful  in  managing  national  conventions.  People  gen- 
erally are  finding  that  many  chemists  are  good  managers 
and  that  when  a  Section  of  the  Society  undertakes  a  project 
of  this  sort  it  is  put  through  on  a  sound  business  basis. 


Who  Will  Be  Next? 

In  these  days  when  an  honest  effort  is  being  made  to 
bring  about  an  era  of  brotherly  love,  we  would  like  to  beUeve 
that  after  aU  our  bitter  lessons  we  have  reached  a  point  where 
there  can  be  straightforward  dealing  and  fair,  stimulating 
competition  for  such  business  as  the  world  affords.  But  we 
are  rudely  shaken  by  the  following  official  report  and  made 
to  reahze  anew  that  "eternal  vigilance  is  the  price  of  safety." 

We  reproduce  the  document  in  its  entirety  from  Idea 
Nazionale  of  August  28,  1921. 


No.  1784.     General  Private 


German  Embassy  at  Romb 


Rome,  2Sth  May  1921 

To  THE  Minister  for 

Foreign  Affairs, 
Berun. 

I  reply  to  the  invitation  contained  in  Circular  of  13th  May 
to  all  commercial  attaches,  to  report  to  your  Ministry  as  to  the 
situation,  and  our  activity  and  our  commercial  development 
abroad,  and  I  have  the  honor  to  report  as  follows: 

The  figures  of  German  commerce  in  Italy  show  that  after  the 
Armistice  our  traders  were  not  inactive  in  reconquering  the 
Italian  market  compared  with  France,  England  and  the  United 
States  and  maintaining  our  supremacy,  but  that  does  not  mean 
that  we  have  reached  the  stete  of  your  circulars  of  20.8.1920 
and   29.8.1920.  .  . 

In  order  that  we  may  create  for  ourselves  a  favorable  political 
situation,  taking  advantage  of  the  malcontent  of  the  ItaUan 
people,  and  especially  of  the  Nationalist  and  Nittian  parties 
against  the  Powers  of  the  Entente,  a  political  situation  which 
might  in  due  course  be  favorable  to  us  when  Germany  should 
be  faced  by  fresh  complications,  it  is  necessary  to  strengthen 
this  discontent  in  order  to  consolidate  our  situation  through 
economic  action. 

To  this  end,  the  point  at  which  we  have  arrived  is  only  a  quar- 
ter of  the  way.  We  must  create  such  economic  interests  and 
bonds  with  Italy  that  whatever  happens,  Italy  will  have  to  follow 
our   political   lead. 

First  of  all,  it  is  necessary  that  a  systematic  supply  of  Ger- 
man goods  be  sent  here,  even  below  cost  price  to  a  considerable 
extent.  Inundating  the  Italian  market  with  German  goods 
we  will  not  only  have  a  place  sympathetic  to  Germany,  because. 
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as  many  of  our  agents  and  commercial  representatives  have 
verified,  Italian  consumers  gladly  accept  cheap  articles,  but  we 
will  also  create  a  situation  for  Italian  industry  which  will  render 
any  continuation  of  activity  impossible.  This  without  doubt 
will  cause  such  a  crisis  that,  besides  keeping  Italy  in  constant 
agitation,  will  enable  us  to  become  the  sole  masters  of  the  Penin- 
sular trade,  the  more  so  as,  from  our  information  as  to  French 
activity  in  Italy,  it  appears  that  the  French  fear  the  outbreak 
of  a  revolution  here  which  might  cause  them  similar  losses  to 
those  suffered  in  Russia. 

The  enclosed  copy  of  a  report  by  Sir  Capel  Cure,  Briti.sh 
Commercial  Attach^,  proves  that  the  British  too  fear  the  un- 
stable nature  of  the  social  situation  in  Italy. 

Further,  such  situation  would  enable  us  to  purchase  the  Italian 
industries  at  a  very  low  rate,  which  woidd  be  the  key  of  the 
situation,  since  it  would  also  allow  us  to  control  trade  between 
Italy  and  the  Balkans  in  such  a  way  that  Italy  would  not  com- 
pete with  us  for  those  markets  (see  circular  30th  October  1920 
regarding  Italo-Jugo  Slav  treaty).  This,  of  course,  will  happen 
as  soon  as  Italy  is  forced  to  close  down. 

We  have  before  us  a  varied  field  of  development  in  Italian 
industry,  vis.,  trade  in  rubber.  Fiat.  .Spa,  besides  all  the  tire 
factories  and  motor  car  engine  factories  which  are  already  in  a 
state  of  acute  crisis  on  account  of  the  huge  German  stocks  of 
these  lines  sent  to  Italy. 

The  Siemens  Schuckert  already  approached  the  Turin  com- 
panies last  September  when  the  factories  were  occupied  by  the 
workmen,  but  without  result.  On  my  advice,  the  Siemens  has 
already  arranged  for  the  absorption  of  the  Fiat  through  a  com- 
bination Stinnes-Fiat  in  the  Alpinen  and  through  the  purchase 
by  the  Deutsche  Bank,  which  has  an  interest  in  the  Siemens, 
of  the  shares  which  are  in  the  hands  of  the  Banca  Commerciale 
Italiana,  amounting  to  90,000  Alpinen  shares  and  100,000  Fiat 
shares,  owned  by  said  Bank.  The  transaction  is  on  the  way  to 
completion,  and  Messrs.  Cavallini,  Brunicardi,  Trombetti,  and 
Dante  are  backing  it,  to  whom  the  Siemens  will  pay  a  percentage 
of  4V2%  as  was  decided  at  the  meeting  held  in  this  Embassy 
in  September  last.  Then  we  have  the  dyeing  trade  in  Italy,  which, 
though  in  a  precarious  state  of  development,  holds  the  promise 
of  an  assured  future.  It  is,  however,  necessary  that,  in  order 
to  follow  out  in  this  branch  too  the  method  of  peaceful  destruc- 
tion advised  by  me,  the  Italian  government  should  not  take  pre- 
cautions to  prevent  the  import  of  coloring  matters  from  abroad, 
as  otherwise  it  is  certain  that  the  Italian  industry  which,  it 
appears  to  me,  are  seeking  American  capital  to  support  them, 
might  assume  a  more  solid  position  in  the  Peninsula,  a  position 
which   it   would   be   more  difficult   to   destroy. 

I  have  had  a  promise  from  the  Italian  cotton-spinners  of  the 
possibility  of  action  on  their  part  against  possible  provisions  of 
the  Italian  government.  As  authorized  by  you,  for  my  part 
I  have  promised  that  any  such  action  will  be  compensated  by  the 
despatch  of  textile  machines  from  Germany  at  very  low  prices. 

It  must  not  be  forgotten,  however,  that  the  Italian  textile 
industry  too  offers  a  field  for  economic  development  for  Ger- 
many in  Italy,  whether  because  they  are  at  present  going  through 
a  period  of  crisis,  or  because  they  obstruct  our  path  towards  the 
East.  I  imderstand  that  in  the  economic  treaties  which  Italy 
is  on  the  point  of  concluding  with  Jugo  Slavia,  she  demands 
that  the  Jugo  Slavs  shall  acquire  200,000  quintales  (2000  tons)  of 
textiles  per  annum  in  Italy;  and  it  seems  that  this  proposal  has 
been  received  with  pleasure  by  the  Jugo  Slavs,  since  as  a  matter 
of  fact  the  Italian  cotton-spinners  have  known  how  to  penetrate 
that  market.  Therefore,  if  we  succeed  in  absorbing  part  of  the 
Italian  cotton  industry  (I  have  already  made  tentative  pro- 
posals for  the  Rossi  Cotton  Mill  and  for  the  Prato  factory,  but 
up  to  the  present  I  have  had  no  result,  and  the  negotiations 
have  been  passed  on  to  the  Schimmelpfeng  Agency  and  to  the 
office  of  Consul  Oster),  we  could  reduce  Italian  competition 
in  the  Balkans,  where  we  could  present  our  product  as  being 
Italian. 

Then  we  have  the  metallurgical  industry  in  Italy,  and  this 
is  the  most  important  of  all  since  the  development  which  took 
place  during  the  war  is  such,  that  the  matter  must  be  taken  into 
serious  consideration. 

In  this  connection  I  will  refer  to  the  matter  again,  pointing 
out  that  our  participation  in  the  Piombino  establishments  is 
assured.  Messrs.  Cavallini  and  Brunicardi  are  taking  charge 
of  the  <|uestion  of  the  Alti  Forni  (Smelting  furnaces)  of  Porte 
Ferraio  in  the  interests  of  the  firm  of  Krupp.  They  say  that 
at  the  present  moment  the  owners  could  ask  210  million  lire, 
but  that  if  the  present  crisis  continues,  even  half  that  sum 
might  be  sufficient. 

Then  we  have  made  an  offer  for  the  Electric  Railway  Work- 
shops of  Milan,  a  combination  between  the  Pirelli  and  Ivradania 
and  with  the  Cotton  Transport  Corsorzio  which  could  be  absorbed. 


and  offers  regarding  the  fleet  of  Deutsche-Levant  Linie,  which 
could    become   an    Italian   Navigation    Company. 

The  most  important  question  is  in  fact  that  of  the  control 
of  Italian  fuel,  which  constitutes  the  integral  part  of  Italian 
economic   life. 

The  infiltration  of  the  products  of  the  A.  E.  G.  into  Italy  has 
destroyed  the  industry  in  electrical  materials  which  it  will  be 
easy  to  absorb,  the  more  so  as  several  members  of  that  industry, 
indicated  in  my  telegram  No.  10878,  assured  me  that  in  view 
of  the  business  crisis,  those  Companies  seek  to  obtain  foreign 
capital. 

If  we  assure  a  supply  of  electric  material  on  the  Italian  market, 
we  could  obtain  contracts  for  furnishing  electric  material  for 
several  hydro-electric  works  in  construction,  and  for  the  State 
Railways.  But  it  is  necessary  for  the  German  Companies  to 
understand  the  necessity  of  their  branches  in  Italy  remaining 
under  the  Italian  name. 

I  have  entered  into  agreement  for  the  conclusion  of  contracts 
between  the  A.  E.  G.  Siemens,  and  the  Societa  Adriatica  of 
electricity  of  the  group  Velpi-Negri  for  furnishing  of  the  neces- 
sary material  into  the  Veneto,  that  is  to  say  turbo-alternators, 
turbines,  pipes  for  the  waterfall,  and  all  the  material,  and  the 
furnishing  of  the  material  as  capital  participation  of  said  com- 
pany, since  these  supplies  are  calculated  at  a  value  of  over  eight 
million   lire. 

This   regarding  white  fuel. 

Then  we  have  at  our  disposal  the  Italian  wealth  of  lignite. 
The  Italians  do  not  know  how  to  get  the  most  out  of  this,  and 
almost  treat  it  as  a  thing  of  little  value.  On  the  contrary,  it  is 
a  matter  of  300  million  tons  of  which — as  I  have  already  reported 
sub.  n.  178  ND — only  3  million  tons  per  annum  are  used,  whilst 
115  million  tons  per  year  could  be  got,  as  the  deposits  are  esti- 
mated to  be  more  than  35  meters  deep. 

Add  that  by  distillation,  a  thousand  tons  of  mineral  oil  could 
be  obtained,  since  lignite  has  a  percentage  of  25%  of  the  com- 
ponents of  such  oil.  The  deposits  of  bituminous  schist,  valued 
at  115  million  tons  with  12  and  up  to  18  per  cent  of  naphtha  are 
worthy  of  notice,  and  these  two  are  in  a  very  slightly  developed 
state,  which  may  be  attributed  to  lack  of  means  on  the  part 
of  the  owners. 

The  Consortium  of  Chemical  Products  of  Berlin,  the  Deutsche 
Bank,  and  the  Discount  Gesellschaft  are  already  in  treaty  with 
various  Italian  groups. 

As  will  be  seen  from  this  explanation,  there  is  much  to  do  in 
Italy,  but  action  must  be  guided  by  the  following  rules  in  order 
to  avoid  clashing  with  Italian  susceptibility. 

(1)  The  Deutsche  Italienische  Vereinig  should  be  able  to 
continue  to  bring  its  influence  to  bear. 

Instructions  must  be  given  to  the  Deutsche  Italienische 
Vereinig  so  that  its  bulletins  shall  be  inspired  to  draw  attention 
to  the  lack  of  Italian  products  in  Italy,  the  damage  resulting 
from  such  lack,  and  the  attempts  at  economic  penetration  on 
the  part  of  foreign  countries.  Such  criterion  must  also  inspire 
the  newspaper  campaign  of  said  organization. 

(2)  The  setting  up  in  Milan  too  of  an  information  office  at 
the  Consulate  General  for  Germany  with  the  aim  of  following 
the  labor  movements  in  North  Italy,  and  to  report  to  Germany 
in  relation  to  these  movements,  the  necessity  to  send  German 
material  and  products  in  order  to  increase  the  crisis. 

(3)  As  to  fuel,  it  is  necessary  that  after  the  refusal  of  the 
Italians  of  our  offer  to  collaborate  in  the  development  of  the 
lignite  mines,  and  for  the  supply  of  the  market  with  fuel  against 
facilities  of  German  property  which  has  been  so  sequestrated, 
our  action  shall  be  turned  towards  private  individuals. 

With   respectful   regards, 

The    Commercial    Councillor 
Stroheker 

Now  read  it,  again.  Note  the  plan  to  prevent  the  develop- 
ment of  a  chemical  industry,  first,  by  making  importation 
of  chemicals  easy  and,  second,  by  purchasing  support  for 
this  measure  with  low  priced  textile  machinery.  But  those 
who  would  thus  sell  themselves  are  inseciu-e,  for  there  follows 
a  plan  for  their  own  "peaceful  destruction."  Note  also 
that  the  report  is  dated  May  25,  1921,  and  not  1914.  With 
such  a  spirit  abroad  in  the  worUl  can  we  afford  to  deprive 
American  industry — chemical  and  otherwise— of  any  moans 
for  defense?  Italy,  Franco,  and  luigland  have  adopted 
strong  measures  for  their  industrial  defense.  We  nuist 
guard  our  own. 
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ORIGINAL  PAPERS 


A  Chemically  Controlled  Automobile' 

By  George  Granger  Brown 
Department  op  Chemicai.  Engineering,  University  of  Michigan.  Ann  Arbor,  Michigan 


The  impending  shortage  of  motor  fuel  and  petroleum  has 
been  brought  forcibly  to  our  attention  bj-  a  large  number  of 
writers  within  the  last  few  months.  Careful  estimates 
indicate  that  we  are  probably  at  the  peak  of  petroleum  pro- 
duction and  that  the  production  of  gasoline  in  the  United 
States  will  be  unable  to  exceed  the  demand  for  more  than 
five  or  ten  years.  At  the  present  time  gasoline  is  selling  for 
nearly  $2.00  per  American  gallon  on  the  continent  of  Europe, 
and  we  may  expect  an  early  permanent  rise  in  price  in  this 
country. 


Fig.  1 — Ideal  Otto  Cyci.b  on  Prbsscre-Volome  Diagram 

It  is  possible  that  this  shortage  may  be  postponed  or  tem- 
porarily relieved  by  the  development  of  new  sources  of  raw 
material,  by  increasing  the  yield  of  oil  wells  and  by  more 
efficient  production  and  handling  of  gasoline.  All  these 
considerations  are  receiving  the  attention  of  chemists  and 
engineers.  It  is  the  purpose  of  this  paper  to  indicate  the 
saving  of  fuel  that  may  be  made  by  the  application  of  chemi- 
cal engineering  principles  to  the  utilization  of  gasoline  in  the 
automobile  engine. 

The  internal  combustion  engine,  when  properly  controlled, 
is  a  very  efficient  macliine  as  compared  ■ndth  other  prime 
movers.  Its  over-all  thermal  efficiency  is  then  30  to  35  per 
cent,  but  the  thermal  efficiency  of  the  average  automobile 
is  not  over  1.5  per  cent.  As  the  Bureau  of  Mines  found 
that  "the  combustible  gas  in  the  average  automobile  ex- 
haust from  one  gallon  of  gasoline  amounts  to  30  per  cent  of 
the  total  heat  in  a  gallon  of  gasoline,"^  it  is  evident  that  the 
average  automobile  is  wasting  in  unburned  gas  alone  twice 
as  much  energy  as  it  is  converting  to  work. 

This  loss,  entkely  preventable  by  proper  control  of  the 
mixture,  is  not  only  an  expensive  practice,  but  a  criminal 
waste  of  our  natural  resources.  Twenty-five  years  ago,  there 
were  four  automobiles  in  the  United  States;  now  there  are 
nine  million.  Tliroughout  this  period  fuel  has  been  cheap, 
and  profits  large,  and  the  need  for  carefully  controlled  com- 
bustion has  not  been  felt  until  very  recently.  Moreover,  the 
development  of  the  automobUe  has  been  essentially  mechan- 
ical, and  naturally  the  manufacturer  has  depended  almost 
entirely  upon  mechanical  principles  for  increased  efficiency, 
overlooking  the  fact  that  the  combustion  of  gasoline  in  an 
automobile  engine  is  a  rather  complicated  chemical  reaction. 

1  Presented  before  the  Division  of  Industrial  and  Engineering  Chemistry 
at  the  62nd  Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y., 
September  6  to  10,  1921. 

■  A.  C.  Fieldner,  This  Journal,  IS  (1921),  57. 


ThermaI/  Efficiency 
The  automobOe  engine  operates  on  the  Otto  cycle,  shown 
ideally  on  the  pressur«-volume  diagram  in  Fig.  1.'  The 
explosive  mixture  is  drawn  into  the  cylinder  along  the  path 
0-1.  The  intake  valve  closes  at  1,  and  the  charge  is  com- 
pressed adiabatically  along  the  path  1-2.  It  is  exploded  or 
burned  at  constant  volume  2-3,  giving  up  the  heat  of  com- 
bustion, Qa,  to  the  products  of  combustion,  which  then  com- 
pose the  working  mixture  instead  of  the  vapor-air  mixture. 
The  power  stroke  (adiabatic  expansion)  is  represented  by 
the  path  3^.  The  exhaust  valve  then  opens  and  the  gases 
pass  out  along  4-1  at  constant  volume  carrjdng  the  rejected 
heat,  Qr,  out  through  the  exhaust  to  the  atmosphere.  The 
remaining  burned  gases  are  pushed  out  by  the  piston  along 
the  path  1-0.  This  completes  the  cycle,  and  the  heat 
Q  =  Qa— Qr  has  been  transformed  into  work  represented  by 
the  area  1-2-3-4-1.  As  the  efficiency  is  the  ratio  of  the  out- 
put over  the  input: 

Qa  -  Qr         ,  Of  (1) 

Qa 


Efficiency  =   ^    = 


Qa 


Qa 
Qa  =  WCt    (T3-T2)  heat  added  (2) 

Q,  =  WCr    (T4-T,)  heat  rejected  (3) 

where  W  Ls  the  weight  of  charge  and  C,  the  specific  heat 
at  constant  volume 

T?  _  T, 
T3  "  T4 
T,  ^   /V2\K-i 

T2      VvJ 

-.-or- 

From  thermodynamic  reasoning  then,  the  thermal  effi- 
ciency of  the  Otto  cycle  increases  with  the  compression  ratio 

r  and  with  the  ratio  of  specific  heats  k  "- 


and  for  adiabatic  curves 


Efficiency   =   1 


(4> 
(5) 

do) 


Efficiency 


The  com- 


Fig.  2 — Average  Pressure- Volume  Diagram  of  Otto  Engine 
AT  Full  Load 

pression  ratio,  a  mechanical  consideration,  is  fixed  by  the 
engine  design,  and  k,  the  chemical  factor,  is  entirely  depen- 
dent upon  the  mixture  ratio.  From  the  following  list  it  is 
evident  that  high  efficiency  demands  lean  or  diluted  mixtures, 
i.  e.,  mixtures  with  an  excess  of  air. 

Gas  K 

Oxygen X.40S 

Nitrogen ,    I? 

Carbon  dioxide To 

Watervapor l.f 

Gasoline  vapor l-l     (approx.) 

»  A.  F.  Greiner,  Michigan  Teehnic,  32  (March  1919). 
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When  the  value  of  k  in  Equation  16  is  taken  as  1.408,  we 
obtain  the  efficiency  of  the  air  standard  cycle  which  is  used 
generally  as  a  means  of  comparison.    The  measured  effi- 
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(FiouRBs  AT  End  op  Curvbs)  dpon  Thbrmai,  Eppicibncy  withThrotTlB 
WiDB  Opbn  and  Enoinb  Running  at  Constant  Spbbd 

ciency  of  a  properly  controlled  engine  is  of  the  order  of  62  to 
65  per  cent  of  the  theoretical  air  standard.  If  the  measured 
efficiency  be  compared  with  that  for  an  engine  working,  not 
upon  air,  but  with  the  actual  gasoline-air  mixture  employed, 
as  represented  in  Fig.  2,'  and  if  allowance  be  made  for  the 
fact  that  the  specific  heat  of  the  gases  increases  with  tempera- 
tiu-e,  a  better  basis  of  comparison  will  be  obtained.  Com- 
pared with  this  "corrected  ideal  efficiency"  the  measured 
efficiency  is  of  the  order  of  80  per  cent  of  the  theoretical  max- 
imum. 

Even  if  it  were 
possible  to  eliminate 
entirely  all  heat 
losses  in  the  exhaust 
and  to  cooling  the 
water  by  further 
mechanical  refine- 
ments, the  increase 
in  efficiency  could 
not  exceed  20  per 
cent.  But  the  effi- 
ciency, or  miles  per 
gallon,  of  the  aver- 
age automobile  can 
be  practically  dou- 
bled by  proper  con- 
trol of  the  mixture, 
or  K  in  the  above 
formula. 
■  The  relative  importance  of  compression  ratio  and  mixture 
proportion  is  brought  out  more  strikingly  in  Fig.  3,*  which 
shows  the  influence  of  these  two  factors  upon  the  thermal 
efficiency.  The  increase  in  efficiency  obtained  by  higher 
compression  is  due  to  two  factors.  It  gives  a  relatively 
longer  working  stroke,  and  the  increased  compression  makes 
for  a  higher  mixture  temperature  and  more  rapid  explosion. 
The  high  efficiency  obtained  with  dilute  or  lean  mixtures 
is  due  to  various  factors.  The  lower  specific  heats  make 
possible  the  same  temperature  and  pressure  increase  with  a 
less  amount  of  heat  energy.  The  radiation  losses  are  less 
from  diluted  or  lean  mixtures  containing  an  excess  of  air 
because  of  two  factors;  the  radiation  from  the  diatomic 
gases  is  less  than  that  from  carbon  dioxide  and  water  vapor, 

*  A.  W.  Judge,  "High  Speed  loternal  Combustion  Engines,"  Pitman 
&  Sons.  1918 
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and  mixtures  containing  an  excess  of  air  develop  a  lower 
temperature  upon  combustion  than  those  containing  com- 
bining proportions  of  gasoline  and  air.  This  latter  state- 
ment is  made  clear  by  Fig.  4,''  which  shows  the  amount  of 
heat  radiated  as  dependent  upon  temperature  alone. 

Reaction  Velocity 

In  order  to  complete  the  reaction  or  in  fact  to  have  an 
explosion  at  all,  the  speed  of  reaction  must  be  at  least  equal 
to  the  rate  of  heat  dissipation;  otherwise  the  heat  energy 
of  the  spark  or  of  the  adjacent  gases  ignited  by  the  spark 
will  be  dissipated  before  the  main  body  of  the  charge  is 
raised  to  the  ignition  point. 

Essentially  there  are  three  factors  determining  the  speed 
of  combustion:  concentration,  temperature,  and  agitation 
or  turbulence  making  for  more  intimate  contact.  Catalysis 
is  a  fourth  factor,  as  is  noticed  when  moisture  or  steam  is 
present  in  considerable  amount  in  the  explosive  mixture. 
'  The  influence  of  concentration  is  best  determined  by  applica- 
tion of  the  law  of  mass  action.  If  we  write  the  equation  for 
the  combustion  of  gasoline  as  follows: 

C«Hi4  +  9.5O2  — >  6CO2  +  7H2O 
the  velocity  of  reaction  wiU  vary  as 

If  the  atmosphere  contains  o  per  cent  of  O3,  and  the  mix- 
ture of  maximum  velocity  contains  x  per  cent  by  volume 
of  gasoline, 


*  [(100 


■x) 


]"W 


Since  a  is  a  constant,  this  expression  is  a  maximum  when 
a:(100— x)'''  is  a  maximum. 

In  other  words,  so  long  as  the  composition  of  the  atmos- 
phere remains  constant,  its  oxygen  content  has  no  influence 
on  the  gasoline  content  giving  maximum  velocity  of  reaction 
so  far  as  the  law  of  mass  action  is  concerned.  Then,  other 
conditions  being  constant,  the  mixture  of  maximum  reac- 
tion velocity  will  contain  exactly  the  same  percentage  of 
gasoline  as  if  the  air  were  pure  oxygen,  regardless  of  the 
per  cent  of  oxygen  in  the  atmosphere. 

But  the  rate  of  chemical  action  increases  very  rapidly  with 
a  rise  in  temperature.  Except  with  certain  highly  unsatu- 
rated hydrocarbons  having  a  negative  heat  of  formation,  such 
as  acetylene,  the  maximum  temperature  is  produced  by  the 
mixture  containing  vapor  and  oxygen  in  combining  propor- 
tions. This  factor  of  maximum  temperature  will  act  there- 
fore in  opposition  to  mass  action  and  tend  to  decrease  the 

(Wf- 
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Fig.  6 — Vblocity  op  Combustion  op  Gasolinb-Air  Mixturbs 


•  A.   B.  Browne,   "Handbook    of    Carburetion," 
Inc  ,  1916. 
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excess  of  gasoline  in  the  mixture  of  maximum  reaction  velocity 
demanded  by  mass  action,  to  an  extent  depending  upon 
the  cooling  effect,  or  the  specific  heat  of  the  excess  gasoline. 


0     '    20        40    '    60 
Crank  Angle  in  Degrees. 

Fig.  e^lNTENSiTv  AND  Velocity  oFlCoMEnsnoN  of  12  :  1  and  16  ;  ) 
Air-Gasoldje  Mi.xtuees 


Fig.  7 — Indicator  Diagram  op  Turbulent  and  Quiet  Mixtures 

But  the  mixture  of  maximum  reaction  velocity  of  any  com- 
bustible gas  and  air  has  always  an  excess  of  the  combustible 
constituent  over  the  combining  proportion,  due  to  the  in- 
fluence of  mass  action,  as  seen  in  Fig.  5.^  Fig.  6^  shows 
the  more  intense  and  more  rapid  combustion  of  a  mixture  of 

twelve  parts  of  air 
(Curve  B)  over  that 
of  a  lean  mixture  of 
sixteen  parts  of  air 
(Curve  A)  as  occurs 
in  an  engine  cylin- 
der, aU  other  con- 
ditions being  con- 
stant. 

As     an     increase 

Fig.S-SamplingTubein  Exhaust  Manifold  ^  temperature  in- 
creases the  reaction  velocity,  mixtures  otherwise  nonex- 
plosive  may  be  exploded  if  heated.  In  other  words,  increas- 
ing the  temperature  widens  the  limits  of  explosive  mixtures. 
This  fact  is  of  great  practical  importance. 

The  mixture  of  gasoline  and  air  enters  the  cylinder  of  the 
engine  at  high  speed  through  a  comparatively  small  valve. 

•  A.  B.  Browne,  Loc.  cil.  These  points  are  reported  as  taken  from 
work  done  at  Massachusetts  Institute  of  Technology.  The  writer  of  this 
paper  has  taken  the  liberty  to  suggest  another  possible  curve  in  a  broken 
line  through  these  same  points,  as  he  is  of  the  opinion  that  the  solid  line 
better  represents  the  power  developed  in  an  engine  with  varying  mixture 
proportions. 

As  is  pointed  out  in  this  paper,  the  engine  power  is  a  function  of  the 
maximum  pressure  developed  and  the  time  at  which  that  pressure  is  de- 
veloped in  the  power  stroke.  As  that  mixture  developing  the  greatest 
temperature  increase  also  develops  the  greatest  pressure,  temperature 
increase  has  a  greater  influence  upon  power  developed  than  it  has  upon  the 
reaction  velocity.  Then  we  should  expect  to  find  the  maximum  power  with 
a  mixture  containing  more  nearly  combining  proportions  than  the  mixture 
giving  maximum  reaction  velocity. 

Compare  the  curves  in  Fig.  5  with  the  curve  for  80°  in  Fig,  16. 


This  velocity  of  the  entering  charge  agitates  the  mixture  in 
the  cylinder  to  a  greater  or  less  degree,  depending  upon  the 
shape  of  the  combustion  chamber,  and  the  speed  of  the 
engine.  This  agitation  or  turbulence  has  a  ^-ery  pronounced 
effect  upon  the  velocity  of  combustion.  Fig.  7'  shows  the 
results  obtained  on  an  indicator  card  after  two  idle  compres- 
sion strokes  in  which  the  turbulence  was  aDowed  to  die 


Fig.  9- 


-Engine  Set-up  in  Automobile  Laboratory, 
University  of  Michigan 


down.  The  curve  AB  corresponds  with  normal  firing  and 
the  expansion  line  A'B'  coiTesponds  with  the  second  case 
mentioned,  in  which  all  conditions  were  the  same,  except 
decreased  turbulence.  The  ignition  periods  were  0.037  and 
0.092  sec,  respectively,  or  in  a  ratio  of  1  :  2.5. 

Pressure  has  been  found  to  have  practically  no  influence 
upon  the  speed  of  reaction  so  long  as  the  temperature  remains 
constant.  But  increased  compression  in  an  engine  means 
increased  temperature,  for  the  absolute  temperature  varies 
as  the  absolute  pressure  in  adiabatic  processes. 
Decomposition 

In  addition  to  the  complete  combustion  of  gasoline,  partial 
combustion  to  aldehyde,  carbon  monoxide,  and  possibly 
hydrogen  also  takes  place,  along  with  some  decomposition 
of  the  hydrocarbon  fuel. 

The  stability  of  the  hydrocarbons  is  greatest  with  the 
lowest  paraffin,  methane.  Ethane  is  less  stable  and  can  be 
very  rapidly  decomposed  at  1100°  C.  It  has  been  estimated' 
that  at  1500°  C,  0.036  sec.  is  the  time  required  for  complete 
decomposition  of  the  hydrocarbons.  At  this  temperature, 
which  is  attained  in  the  gasoline  engine,  the  time  of  decompo- 
sition is  of  the  same  order  as  that  of  the  ignition  period. 

These  two  reactions  are  taking  place  simultaneouslyTin 
the  cylinder  as  the  mixture  is  exploded,  combustion  producing 

.ExH'\UST  I     .    .     ' 
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Fig.  10 — Connections  for  Sampling  and  Analyzing 
Exhaust  Gases 


'  Dugald  Clerk,  Gaseous  Expt.  Com.  Reports,  1912,  23,  24. 
»  Katz,  U.  S.  Bureau  of  Mines,  Technical  Paper  183. 
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heat  and  work,  and  decomposition  of  the  gasoHne  generally 
absorbing  heat  and  depositing  carbon  residue.     As  decompo- 
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Fig.  11— Sbt-up  for  Sampling  and  Analyzing  Exhaust  Gasss 

sition  of  the  fuel  takes  place  much  more  rapidly  at  higher 
temperatures,  the  lower  temperature  developed  by  the 
combustion  of  lean  mixtures  is  of  advantage  in  decreasing 
and  eliminating  the  fuel  knock  and  the  deposition  of  carbon 
in^the  cylinders.  Dugald  Clerk  has  accomplished  the  same 
result  by  introducing  cold  exhaust  gas  into  the  cylinder 
charge.  This  method  is  more  effective  in  reducing  the 
temperature,  but  probably  not  so  efficient,  ovsang  to  the 
higher  specific  heat  and  radiation  loss  of  carbon  dioxide 
over  air.  Also,  it  would  introduce  complications  to  the 
design  and  operation  of  the  engine. 

Experimental  Work 

Fig.  9  shows  the  set-up  used  to  determine  the  action  of  a 
gasoline  engine  when  subject  to  various  conditions  of  tempera- 
ture and  concentration  of  mixture. 
The  engine  is  shown  connected  to  a 
hydraulic  dynamometer.  Speed  was 
taken  by  an  indicating  revolution 
counter,  and  the  torque  was  deter- 
mined by  balancing  the  arm  of  the 
dynamometer  on  the  platform  of  a 
Fairbank's  scale.  A  mercury  manom- 
eter was  connected  to  the  intake 
manifold  so  that  the  pressure  in  the 
manifold  might  lie  recorded.  A  quar- 
ter-inch pipe  threaded  and  cut  as 
shown  in  Fig.  8  was  inserted  in  the 
exhaust  pipe  in  the  manner  indicated. 
To  this  pipe  a  modified  form  of  Orsat 
apparatus  and  vacuum  pump  used  as 
an  aspirator  were  connected  as  shown 
in  Figs.  10  and  11.  Using  the  vacuum 
pump  in  this  manner  kept  the  tubing 
clear  of  dead  gas. 

Fig.  12  shows  the  construction  of 
the  pipcts  used  in  the  Orsat  apparatus. 
The  caustic  and  pyrogallate  pipets 
were  filled  with  glass  tubes  and  the 
two  cuprous  chloride  pipets  were  filled 
with  twisted  copper  strips.  The 
pipets  were  connected  to  the  capillary 
manifold  by  rubber  tubing  provided  with  iiinchcocks.  The 
gas,  admitted  through  tube  A,  bubbled  tlirough  the  solu- 
tion, which  was  displaced  and  forced  into  (lie  outer  vessel. 
The  gas  was  removed  from  the  i)ipet  tlirougli  tube  B.  Five 
passages  of  the  gas  through  the  absorbing  solution  were 
found  ample  for  all  gases  encountered  in  this  work. 


Fig.  12 — Absorption 

PiPBT 


Fig.  13  is  a  chart  used  to  determine  the  mixture  proportion 
from  exhaust  gas  analysis.  It  was  prepared  for  use  with  the 
Standard  gasoline  obtained  in  Michigan  in  the  faU  of  1920 
but  is  practically  correct  for  the  present  market  gasoline. 
The  ordinate  represents  percentage  composition  of  exhaust 
gas  and  the  abscissa  pounds  of  air  to  one  pound  of  gasoline. 

The  large  hot  air  stove  over  the  exhaust  manifold  can  be 
plainly  noticed  in  Fig.  14,  which  also  shows  the  carburetor 
and  the  thermometer  in  the  air  intake. 

RESULTS — Fig.  16  shows  graphically  the  data  taken  in 
determining  the  horsepower  developed  by  the  engine  at  wide 
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Fig.  13 — Ratio  Air  to  Gasolinb  from  Exhaust  Gas  Analysis 

open  throttle  and  constant  speed,  but  with  varying  mixture 
proportions  and  temperature  of  the  air  supply.  By  keeping 
the  speed  and  throttle  constant,  the  turbulence  or  agitation 
of  the  mixture  is  constant  and  its  effect  may  be  neglected. 
Then  any  change  in  power  must  be  due  to  mixture  propor- 
tion or  temperature. 

The  power  and  torque  developed  by  an  engine  are  directly 
proportional  to  the  mean  effective  pressure  of  the  working 
substance  on  the  piston.  For  maximum  power,  it  is  desired 
to  develop  the  maximum  pressure  as  early  as  possible  in  the 
power  stroke,  or  to  explode  the  maximum  quantity  of  gaso- 
line as  rapidly  as  possible.  Maximum  power  is  developed, 
particularly  with  cold  mixtures,  when  the  proportion  of  air 
to  gasoline  is  slightly  more  than  that  giving  maximum 
velocity  of  combustion.  Increasing  the  temperature  de- 
creases the  density  of  the  mixture  and  similarly  diminishes 
the  weight  of  charge  taken  into  the  cylinder.  Then  for 
maximum  power,  a  comparatively  cold  rich  mixture  is  de- 
sired. With  higher  temperatures  the  velocity  of  reaction  is 
greater  and  the  power  curve  flattens  out  as  the  effect  of  mass 


Fig.  14 — Carburbtor  Connsctions  Showing  Larob  Hot  Air  Stovb 
and  Manombtbr  Connbction  in^Intakb  Manifold 


10 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  1 


action  becomes  less  noticeable  as  the  influence  of  tempera- 
ture becomes  more  pronounced. 


FiQ.  15 — Construction  of  Carburetor  Giving  Automatic  Control 

\  In  all  industrial  combustion  problems,  increased  efficiency 
cam  be  obtained  by  returning  as  much  heat  as  possible  from 
the  waste  gases  to  the  combustion  zone  by  preheating  the 
air.  This  is  doubly  true  in  the  gasoline  engine,  for  hot  air 
not  only  helps  to  vaporize  the  gasoline  but  also  increases 
the  rate  of  combustion  so  that  a  leaner  mixture  can  be  burned 
with  increased  efficiency. 

Fig.  17  shows  graphically  the  data  taken  to  determine 
the  effect  of  mixture  proportion  or  dOution,  and  tempera- 
ture upon  efficiency,  if  the  throttle  position  is  varied  to  main- 
tain constant  speed  under  constant  load  as  is  done  under 
actual  driving  conditions. 

With  the  help  of  these  curves  and  a  knowledge  of  the  in- 
fluence of  concentration,  temperature,  and  turbulence  upon 
the  rate  of  combustion,  the  behavior  of  an  automobile  under 
road  conditions  may  be  easily  explained.  The  greatest 
mileage  per  gallon  can  be  obtained  with  a  hot  dilute  mixture, 
because  under  these  conditions  the  engine  develops  its 
greatest  efficiency.  If  the  engine  is  cold,  a  more  concentrated 
mixture  is  required  to  maintain  the  velocity  of  reaction  above 
the  critical  point  necessary  for  explosion.  If  a  car  being 
driven  at  constant  speed  along  a  smooth  level  highway, 
using  the  leanest  possible  mixture  that  can  be  completely 
burned,  encounters  a  grade  or  other  resistance,  the  engine 
slows  down.  The  diminished  velocity  of  mixture  into  the 
cylinder  decreases  the  turbulence  and  velocity  of  combustion 
to  such  an  extent  that  the  engine  backfires,  misses,  and 
may  even  stop,  unless  some  measure  is  employed  to  increase 
the  velocity  of  combustion.  This  can  best  be  done  by  supply- 
ing a  richer  mixture  until  conditions  have  returned  to  the 
former  state  of  normal  load. 


In  starting  a  cold  engine,  the  air  has  a  definite  weight  per 
unit  volume,  which  steadily  decreases  with  increasing  tem- 
perature, as  shown  in  Fig.  19.  Also  the  gasoline  has  a  certain 
•viscosity  which  steadily  decreases  with  increasing  tempera- 
ture, so  that  the  weight  of  gasoline  flowing  through  a  constant 
orifice  increases  vsith  rising  temperature  as  indicated  in  Fig. 
IS.^  Then,  as  increasing  temperature  gives  a  greater  weight 
of  gasoline  and  a  lesser  weight  of  air  when  the  reverse  is 
desired  for  maximum  efficiency,  it  is  necessary  that  the 
carburetor  compensate  for  temperature  changes  by  auto- 
maticaUj'^  partly  closing  the  gasoline  orifice  or  opening  the 
air  port  as  the  temperature  of  the  air  rises. 

If  we  define  normal  load  as  the  load  on  the  engine  when 
driving  the  car  at  a  constant  speed  along  a  level  highway,  the 
suction  in  the  manifold  of  an  engine  under  normal  load  for 
different  throttle  openings  varies  as  shown  in  Fig.  20,  the 
average  of  a  number  of  tests. 

Automatic  Chemical  Conteol 

A  carburetor  was  built  as  shown  in  Fig.  15.  The  gasoline 
enters  the  float  chamber  1  at  3  and  passes  through  duct  6 
up  to  the  gasohne  valve  made  by  part  7  in  the  casing  and  part 
la  in  the  stem  valve  9,  which  is  in  the  axis  of  the  drum  throttle 
10  containmg  the  air  inlet  11  and  the  mixture  outlet  12.  The 
gasoUne  valve  can  be  adjusted  in  relation  to  the  throttle  by 
the  thumb  screw  23  and  locked  in  place  by  the  nut  20  so  that 
when  the  throttle  lever  15  is  moved  the  gasoline  valve  moves 
in  unison  with  the  throttle.  The  mixture  outlet  and  air  inlet 
are  so  calibrated  that  the  suction  in  the  mixing  chamber  is 
constant  so  long  as  the  engme  is  running  under  "normal 
load."  If  the  engine  is  running  under  any  load  greater  than 
that  "normal"  for  that  particular  throttle  position,  the  suc- 
tion in  the  manifold  and  in  the  mixing  chamber  will  be  less. 

This  variation  in  the  manifold  suction  is  utilized  to  Vary 
the  mixture  proportions  in  the  following  manner:  Within 
the  valve  stem  9  is  an  opening,  27,  in  wliich  the  governor  28  is 
free  to  reciprocate  endwise  of  the  valve  stem  9.    This  gover- 


28 
26 

/ 

/^ 

^ 

J 

/^ 

==;i! 

$^ 

^^. 

24- 
I  20 

HI 

/6 

h 

f 

1 

^ 

f 

.1 

CO 

^_\      > 

^, 

K 

\ 

N 

T^ 

o 

c 

til 

i 

1 

Y 

^ 
^ 

3E 

(3       /O      /2       //       /6      /&      20 

Pahts  of  Am  toOasoline  by  V^ei&hi 

Fio.  16 — Beakb   Hohsbpowbh    Dbvelopbd     with   Vabyino   Tbmtbra- 

torb    op   alb   (flodrbs   at  thb    end   op  cokves)   amd 

Mixture    Concentration,     with    Constant 

Speed  and  wide  Open  Throttlb 


Jan.,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


11 


nor  28  has  a  taper  shank  which  restricts  the  effective  area  of 
the  opening  27  by  an  amount  corresponding  to  the  section 
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flo.  17 — e»»bct  of  mlxthrs   concentration   and   temperatures  oi" 
Air  (Figures  at  End  op   Curves)    upon   Thermal   Effi- 
ciency    WITH    Spbbo    and    Load     Constant 

of  the  taper  shank  of  the  governor  which  happens  to  be  within 
the  opening. 

The  stronger  the  suction  in  the  mixing  chamber,  the  stronger 
will  be  the  flow  of  fuel  and  the  greater  ^\t11  be  the  restriction 
of^the  opening  27,  as  the  pressure  of  the  fuel  flow  upon  the 
head  of  the  governor'  compresses  the  spring  30,  making  the 

_  larger  part  of  the 
taper  effective  and 
to  that  extent  closing 
the  fuel  opening  27. 
The  position  of 
the  governor  is  also 
controlled  by  the 
position  of  the  slid- 
ing block  29.  The 
position  of  this  block 
29  is  determined  by 
the  bimetal  thermal 
regulator  31,  which 
is  fastened  to  the 
valve  stem  at  one 
end  and  at  its  other 
end  rests  in  a  sock- 
et in  block  29.  Up- 
on an  increase  in 
temperature  the  ther- 
mal regulator  31 
<;urls  up  in  a  direction  to  move  block  29  to  the  left  and 
permit  the  governor  28  to  move  a  like  distance  toward  the 
left,  thereby  restricting  the  opening  27  an  amount  propor- 
tional to  the  movement  of  the  thermal  regulator.  Upon  a 
decrease  in  temperature  the  thermal  regulator  uncurls, 
causing  the  governor  28  to  move  a  like  distance  toward  the 
right,  exposing  a  greater  effective  area  of  the  opening  27. 
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Fig.  18 — Rbi.ativb  Flow  op  Gasoline  through 

A  Constant  Orifice  under  Different 

Tshpbraturb  Conditions 


It  has  been  found  possible  to  calibrate  this  governor  and 
thermal  regulator  to  obtain  automatically  any  desired  change 
in  mixture  proportion  upon  change  in  engine  load  or  change 
in  temperature.  It  is  possible  simply  to  compensate  for  the 
decreased  density  of  air  and  decreased  viscosity  of  fuel  with 
increasing  temperature,  or  further  to  restrict  the  flow  of 
gasoline  so  as  to  obtain  always  the  leanest  possible  or  most 
efficient  mixture.  Likewise  tlie  change  in  mixture  proportion 
with  changing  engine  load  may  be  simply  sufficient  to  com- 
pensate for  decreased  turbulence  to  prevent  missing  and 
backfiring;  or  may  be  sufficient  to  change  from  the  most 
economical  or  efficient  mixture  under  normal  conditions  to 
the  most  powerful  mixture  when  the  engine  is  heaviljr  loaded. 

With  the  common  type  of  carburetor,  an  expert  driver 
using  a  dash  adjustment  and  keeping  the  mixture  as  dilute 
or  lean  as  temperature  and  load  conditions  will  permit,  can 
obtain  much  greater  mileage  than  if  he  were  not  able  so  to 
control  the  mixture.  But  the  average  driver  is  not  skiUed 
and  cannot  constantly  adjust  the  carburetor  to  the  best 
advantage,  even  if  he  might  care  to  do  so.  "In  fact,  when 
he  has  once  made  a  carburetor  adjustment  rich  enough  to 
give  good  engine  operation  with  a  cold  engine  on  acceleration 
and  hill-climbing  without  actually  causing  his  engine  to 
'gallop'  under  ordinary  conditions,  he  much  prefers  to  leave 
it  strictly  alone,  using  anywhere  from  10  to  50  per  cent  more 
gasoline  than  is  really  necessary."' 

The  carburetor  described  above  is  designed  on  an  exact 
mathematical  basis  to  deliver  a  definite  mixture  of  gasoline 
and  air  for  each  condition  of  temperature  and  load,  and  as 
it  is  automatic  and  positive  in  action  much  better  chemical 
control  can  be  obtained  by  its  use  than  with  a  dash  adjust- 
ment even  in  the  hands  of  a  skilled  operator. 

RESULTS  OF  CHEMICAL  CONTROL — By  application  of  the 
principles  of  chemical  control  developed  above,  and  the 
means  for  positively  and  automatically  obtaining  that  con- 
trol as  described,  the  rmles  per  gallon  have  been  invariably 
increased  from  2.5  to  over  100  per  cent  over  that  previously 
obtained. 
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A  standard  Ford  touring  car  being  driven  without  dash 
adjustment  averaged  19  mi.  per  gal.    By  utilizing  the  dash 


Throttle    Position 


WWE 
OPEN 


Fio.  20 — Manifold  Suction  for  Dipfekent  Throttle  Positions  with 
Engine  under  "Normal  Load" 

adjustment  the  same  driver  was  able  to  increase  tliis  figure 
to  23  mi.  per  gal.  Appljdng  automatic  chemical  control  to 
the  same  standard  car,  the  same  driver  maintained  a  montlily 
average  of  over  30  mi.  per  gal.  and  on  one  daj'  of  cross-country 
driving  ran  36  mi.  per  gal. 

In  similar  tests  on  a  Pope-Hartford  Si.x  weighing  4400  lbs., 
automatic  chemical  control  increased  the  mileage  from  8  to 
18  mi.  per  gal. 

Summary 

The  combustion  or  explosion  of  a  gasoline-air  mixture  is 
essentially  a  complex  chemical  reaction  and  as  such  is  sus- 
ceptible to  chemical  control. 

The  most  important  consideration  is  the  velocity  of  reac- 
tion, which  is  determined  by  concentration,  turbulence,  and 
temperature  as  foUows : 

1 — The  mixture  of  maximum  reaction  velocity  has  always 
an  excess  oi  combustible  over  the  combining  proportions  and 
the  wider  the  variation  from  this  ratio,  the  lower  the  reaction 
velocity. 

2 — Turbulence  increases  the  reaction  velocity. 

3— As  the  temperature  is  raised,  the  velocity  of  reaction  is 
increased. 

As  tlie  greatest  efficiency  is  obtained  mth  the  most  dilute 
mixture  that  can  be  burned  under  existing  conditions,  it 
follows  that  the  greatest  mQeage  can  be  obtained  with  dilute, 
hot  mixtures  with  a  high  degree  of  turbulence. 

As  the  temperature  decreases  the  mixture  must  be  made 
more  concentrated  to  maintain  the  velocity  of  reaction. 

Since  the  turbulence  decreases  as  the  engine  speed  decreases, 
the  reaction  velocity  must  be  maintained  by  increasing  the 


concentration  of  the  mixture  as  greater  load  is  put  on  the 
engine. 

Means  for  automatically  obtaining  the  proper  chemical 
control  are  described  and  the  results  of  such  control  are 
briefly  .outlined. 
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Statistics  on  the  Production  of  Fixed  Nitrogen 

According  to  the  final  report  of  the  Department  of  Scientific 
and  Industrial  Research,  of  Great  Britain,  no  definite  conclusions 
are  possible  as  to  the  post-war  demand  for  fixed  nitrogen,  es- 
pecially that  required  for  fertilizing  purposes.  The  prospects 
indicate  that  although  the  potential  output  has  been  greatly 
increased  by  the  provision  of  large  fixation  plants  during  the 
war  period,  yet  the  total  demand  for  fixed  nitrogen  is  growing 
at  an  even  greater  rate.     The  actual  output  of  fixed  nitrogen  for 

1912  and  the  approximate  maximum  potential  supply  for  1920 
in  long  tons  is  as  follows: 

1920 
1913  Produc 

Output    of  tive  Ca- 

Product  pacity 

Chile  nitrate  industry  (assumed  95  per  cent 

product) 2,  586,  975,  2,  966,  061 

By-pioduct     industry     (sulfate     assumed 

24.5  per  cent  ammonia) 1,  229,  773  2,  015,  440 

Fixation    industry — cyanamide     (assumed 

16  per  cent  nitrogen) 128.538  1,777,000 

Nitrate  of  lime  and  arc  process  products 

(assumed  13  per  cent  nitrogen) 75,000  290,400 

Synthetic  ammonia 1,  503,  000 

Total  of  fixation  industry 201 ,  538  3,  570,  400 

Grand  Total 4,018,286  8,551,901 

Since  the  price  of  Chile  nitrate  may  be  said  still  to  dominate 
that  of  fixed  nitrogen  generally,  the  statistics  relating  to  it 
are  of  great  importance  and  are  presented  in  fairly  complete 
form. 

Production  and  Prices  of  Cbilean  Nitrate 

Price  long  Price  long 

ton  ex  ship  ton  f.  o.  b. 

Production  long  tons               Liverpool  Chile 

1913  2,464,540  £11     1     8  

1914  2,432,328                           10     8     9  £8.56 

1915  1,734,932                           12  13     0  6.99 

1916  2,877,899                          17  12     5  8.45 

1917  2,966,061                           25     5     0  10.0 

1918  2,831,026                          26     6     6  13.12 

1919  1,658,826                          21     2     9  13.3 

1920  (6rst  half)                      1,182,000                          24  18     8                    17.5 
(second  halO  1,310,000  23  17     0  

Nitrogen  Fixation  Plants 

Arc  Process  Capacity 

Plants  Metric  Tons 

Germany 2  4,000 

France.: 2  1,300 

Norway  and  Sweden 3  30, 000 

Italy  .    2  1,200 

Canada 1  fOO 

United  States 1  300 

Switzerland 1  '"" 

Total 12  38,300 

Cyanamidb  Process 

2rsSfa-^ :•:    I  'i;o°o°S 

Fra^e  .■.•.:::::::::::::::::::::::    9  ssiooo 

Norway  and  Sweden .' 3  ?§•  2S9 

Italy  5  18, 000 

Switzerland 3  7,000 

\mt :::::::.:.:::::::..     4  20,000 

United  States ^  ^Q.  00" 

Total 35  325,000 

Synthetic  Ammonia  Process 

Germany 2  300,000 

United  States _1  _8^000 

Total 3  308, 000 

Grand  Total 50  671.300 
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Heat  Transfer'-'' 

By  W.  H.  McAdams  and  T.  H.  Frost 

Department  of  Chemical  Encinekring,  Massachusetts  Institute  of  Technologv,  Cambridoe.  Massachusetts 


All  chemical  reactions  are  accompanied  by  the  absorption 
or  evolution  of  heat;  hence  in  every  problem  in  chemical 
engineering  design,  provision  must  be  made  for  the  satis- 
factory transference  of  the  heat  quantities.  Furthermore, 
even  in  processes  which  involve  practically  no  chemical 
changes,  one  or  more  problems  of  heat  transfer  usually  arise. 

It  is  well  understood  that  heat  may  flow  by  three  mech- 
anisms, which  may  be  defined''*  as  follows: 

Conduction — Heat  passing  from  one  part  of  a  body  to  another  part  of 
the  same  body,  or  from  one  body  to  another  in  physical  contact  with  it, 
without  appreciable  displacement  of  the  particles  of  the  body,  is  said  to 
flow  by  conduction. 

Convection — Convection  is  the  transfer  of  heat  from  one  place  to  another 
within  a  fluid  (gas  or  liquid)  by  the  mixing  of  one  portion  of  the  fluid  with 
another. 

Radiation — A  hot  body  gives  of!  heat  in  the  form  of  radiant  energy. 
When  this  energy  strikes  another  body,  part  is  reflected.  If  this  second 
body  is  transparent  or  translucent,  another  part  is  transmitted.  The 
remainder  is  absorbed,  and  quantitatively  transformed  into  heat.t 

In  all  cases  of  commercial  importance  the  heat  flows  by 
at  least  two  of  these  mechanisms.  The  laws  governing  the 
flow  by  the  various  mechanisms  have  long  been  available 
and  the  mathematical  statements  of  these  laws  have  been 
verified  by  numerous  experiments.  The  all-important 
problem  is  not  a  further  elucidation  of  these  laws,  but  the 
development  of  equations  from  which  the  numerical  values 
of  the  coefficients  of  heat  transfer  may  be  calculated.  Such 
equations  may  be  used  both  in  designing  new  apparatus  and, 
for  apparatus  already  buUt,  in  predicting  the  change  in 
capacity  caused  by  changing  operating  conditions. 

Object  op  Present  Articles 

It  is  the  purpose  of  this  series  of  articles  to  review  the 
rehable  data  for  these  coefficients,  to  present  new  data  for 
certain  important  cases  for  which  sufficient  data  are  not 
available,  and,  where  possible,  to  correlate  these  data  by 
developing  general  formulas  for  certain  cases. 

Where  heat  flows  by  radiation,  it  usually  flows  also  by 
the  mechanisms  Of  conduction  and  convection  acting  si- 
multaneously. Since  the  law  governing  the  flow  by  radiation 
is  quite  different  from  that  governing  the  flow  by  conduction 
and  convection,  the  rate  of  flow  by  radiation  is  calculated 
by  the  proper  equation  and  added  to  that  calculated  for 
the  flow  by  the  other  two  processes.  The  cases  in  which 
the  flow  by  conduction  and  convection  is  the  controlling 
factor  will  be  discussed  first,  but  before  taking  up  definite 
cases  it  is  desirable  to  discuss  in  detail  the  mechanism  of 
flow  by  conduction  and  convection,  and  the  method  of  ana- 
lyzing such  data. 

Potential  Concept 

The  flow  of  heat  by  conduction  and  convection  is  deter- 
mined by  Newton's  law  in  the  following  form,^  wliich  is 
analogous  to  Ohm's  law  for  the  flow  of  electricity: 

Q  ^  AT  A/i       Ah       Ak 
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t  Except  in  those  relatively  rare  cases  where  photochemical  reactions 
arc  induced,  or  energy  is  consumed  in  other  special  ways. 


AT  =  Average  over-all  difference  in  temperature  between  the 

hot  and  cold  fluids. 
At    =  Average  difference  in  temperature  between  two  bound- 
aries of  any  definite  part  of  the  path. 
r     =  Thermal  resistance  of  any  definite  part  of  the  path. 
Since  three  resistances  are  met  in  the  cases  which  are  to 
be  discussed  later,  these  are  indicated  by  the  subscripts  1,  2  and  3. 

Film  Concept* 

When  a  liquid  or  gas  is  in  contact  with  a  solid  there  is 
strong  evidence  to  show  the  presence  of  an  adhering  rela- 
tively stationary  film'  of  fluid  on  the  surface  of  the  solid, 
a  film  which  becomes  thinner  as  the  velocity  of  the  fluid 
parallel  to  the  surface  increases,  but  which  breaks  away  from 
the  solid  only  at  very  high  velocities,  if  at  all.  Through 
such  a  film,  heat  can  be  transmitted  by  conduction  only, 
although  once  the  heat  has  penetrated  through  the  fUm  the 
hot  molecules  are  picked  up  and  carried  away  mechanically 


[Fig.  I 


by  the  swirling  motion  of  the  main  body  of  the  fluid,  i.  e., 
the  transfer  is  mainly  a  matter  of  convection,  and  in  the  latter 
case  the  resistance  to  flow  will  be  negligible.  Since  most 
liquids  and  gases  are  exceedingly  poor  conductors  of  heat, 
it  is  not  surprising  to  find  a  large  resistance  to  heat  flow 
at  the  boundary  surface  of  a  fluid  and  solid  (and  also  at  the 
boundary  between  a  Uquid  and  a  gas),  accompanied  by  a 
large  drop  in  temperature  at  this  point.  The  temperature 
change  in  the  neighborhood  of  a  solid-fluid  boundary  is  in- 
dicated in  Fig.  1.  Through  the  solid  there  is  a  fall,  h-h, 
which  is  usually  small  compared  to  the  temperature  drop 
in  the  boundary  itself.  Through  the  surface  film  the  drop 
tirh  is  very  great,  but  once  the  zone  of  stationary  fluid  is 
passed  the  temperature  soon  reaches  that  of  the  main  portion 
of  the  fluid.  No  attempt  has  been  made  to  draw  Fig.  I  to 
scale. 

The  rate  of  heat  loss  by  conduction  through  a  layer  of 
any  material  of  thickness  L  and  conductivity  k  may  be 
calculated   from   the   following   equation: 


%   =  IW  iH- 


■U) 


(2) 


where   /:,    and  /.i  =  temperatures  of  the  two  faces  of  the  layer. 
k  (or  K)  =  thermal  conductivity  of  the  material,  expressed 
as  B.  t.  u.  per  hr.  per  sq.  ft.  per  °  F.  per  ft.  thickness. 

This  equation  may  be  applied  to  flow  of  heat  through  the 
stationary  film  of  fluid  on  the  surface  of  solid,  provided  the 
term  h  be  used  to  designate  the  ratio  k/h,  where  L  is  a  deC- 
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nite   (though  unknown)  effective  thickness  of  the  surface 
film;    i.  e.,  Equation  2  becomes: 


2  =  M  (/a 


U) 


(3) 


This  coefficient  h  is  often  called  the  "film  coefficient"  or 
"surface  coefficient."  In  EngUsh  units,  h  is  expressed  as 
B.  t.  u.  per  hr.  per  sq.  ft.  per  °  F.  temperature  difference. 
In  contradistinction  to  h,  the  "coefficient  of  conductivity" 
previously  discussed,  the  "surface  coefficient"  (h)  contains  no 
element  of  thickness. 

Thus  it  is  seen  that  in  the  many  important  cases  where 
heat  is  flowing  from  one  fluid  through  a  retairring  wall  to 
another  fluid,  three  resistances  are  met.  The  resistance 
(n)  met  by  the  heat  in  flowing  from  the  hotter  of  the  two 
fluids  to  the  retaining  wall  is  known  to  be  proportional 
directly  to  the  effective  thickness  (Li)  of  the  surface  film 
of  fluid  at  tliis  boundary  and  inversely  as  the  product  of 
the  specific  thermal  conductivity  (ki)  of  the  first  fluid  film 
and  the  surface  area  (Ai)  of  that  boundary.  The  thermal 
resistance  (r2)  of  the  retaining  wall  is  known  to  be  pro- 
portional directly  to  the  actual  thickness  (L2)  of  the  retaining 
wall  and  inversely  as  the  product  of  the  specific  thermal 
conductivity  (/C2)  of  the  retaining  wall  and  the  mean  area 
(A2)  of  the  retaining  wall.  The  thermal  resistance  (ri) 
from  the  retaining  wall  to  the  colder  of  the  two  fluids  is 
known  to  be  proportional  directly  to  the  effective  thickness 
(L3)  of  the  surface  film  between  the  retaining  wall  and  the 
colder  fluid  and  inversely  to  the  product  of  the  specific  ther- 
mal conductivity  (fe)  of  this  film  and  its  surface  area  (A3). 
In  other  words, 


1 

hiAi 


^2A2 


and  n 


L3 


1 
JsAa 


(4) 


Equation  Used  in  Practice 


In  practice,  instead  of  using  Equation  1,  engineers  are 
accustomed  to  use  Newton's  law  in  the  following  familiar 
form: 


I   =    (H)  (A)ar.    (AT),, 


(5) 


where  H  =  an  over-all  coefficient  of  heat  transfer  from  the  hotter 
to  the  colder  fluid,  based  on  a  suitable  area  (Aav.)  of  heat  transfer 
surface.  (Units:  H  =  B.  t.  u.  per  hr.  per  °  F.  average  over-all 
temp.  diff.  per  sq.  ft.  of  suitable  heat  transfer  area.) 

The  use  of  this  equation  is  standard  practice,  and  no 
objection  is  raised  to  this  procedure,  provided  the  value 
of  H  is  correctly  determined.  The  problem  confronting 
the  designer  is  the  estimation  of  the  numerical  value  of  this 
over-aU  coefficient,  and  it  will  be  shown  that  it  is  to  be 
determined  by  a  large  number  of  factors. 

A  comparison  of  the  preceding  equation  shows: 

HAm.  = 


'•i  +  ''2  +  ra 


1.1     1      L2     I      Ls 
*iAi        *2A2        kiAt 


1-+  h-  +J- 

7jiAi         *iA2         ha  As 


(6) 


Consider  the  case  where  steam  is  condensing  at  constant 
pressure  on  the  outer  surface  of  a  pipe  and  cooHng  water 
is  flowing  throughout  the  pipe  at  a  definite  velocity.  Each 
of  the  three  resistances  wiU  have  a  definite  value  under  these 
conditions,  thus  fixing  the  value  of  the  over-aU  coefficient 
H.  Now  if  the  water  velocity  be  doubled,  the  thickness 
of  the  film  of  water  on  the  tube  wall  wiU  be  decreased.  Ex- 
perimentally, it  is  found  that  this  thickness  is  not  quite 
halved,  and  hence  hi  is  not  quite  doubled;  in  general,  the 
coefficient  hi  between  the  pipe  and  the  cooUng  water  varies 
directly  as  some  power,  n,  of  velocity.    Now  the  other  two 


resistances  will  remain  practically  unchanged,  so  if  an  at- 
tempt is  made  to  express  H  as  a  function  of  the  water  ve- 
locity, it  will  result  in  the  introduction  of  this  variable  to 
a  power  other  than  the  true  value  of  n.  The  literature 
furnishes  numerous  examples  of  such  cases,  and  while  the 
formulas  proposed  by  such  writers  would  give  the  correct 
result  if  all  the  experimental  conditions  were  reproduced, 
they  furnish  httle  information  to  one  interested  in  the  nu- 
merical value  of  H  for  a  case  in  which  the  mechanism  is 
identical,  and  yet  where  a  different  combination  of  fluids 
and  kinds  of  retaining  wall  is  involved.  Furthermore, 
it  is  true  that  such  writers  have  neglected  to  include  one 
or  more  very  important  variables  in  their  equations  (such  as 
viscosity),  with  the  result  that  variables  shown  in  their 
equations  for  H  must  also  take  care  of  fluctuations  in  the 
variables  omitted.  Since  viscosity  varies  quite  rapidly 
with  temperature,  this  last  situation  makes  it  practically 
impossible  to  dupUcate  the  results  of  such  experimenters 
even  when  working  with  the  same  fluids  and  retaining  walls, 
unless  one  is  within  the  same  range  of  temperature  that  pre- 
vailed in  the  experimental  work.  The  logical  and  by  far 
the  simplest  method  is  the  development  and  tabulation  of 
equations  for  the  various  film  coefficients.  With  reliable 
data  of  this  sort  avaOable,  the  designer  can  calculate  the 
ffim  coefficients  for  the  case  of  interest  to  liim  and  combine 
them  by  means  of  Equation  6,  using  the  resulting  value  of 
HAau.  in  Equation  5.  When  it  is  realized  that  nine  or 
more  variables  affect  the  over-all  coefficient  H  in  the  im- 
portant case  of  the  transfer  of  heat  in  condensers,  it 
is  seen  that  it  is  practically  hopeless  to  get  an  accurate 
expression  for  H,  unless  one  adopts  the  simplification  of 
calculating  the  special  value  of  H  for  the  particular  case  in 
hand  from  equations  involving  hi  and  hi,  each  of  which  is 
determined  by  a  number  of  variables  fewer  than  those  which 
determine  H.  The  truth  of  this  statement  wUl  be  illustrated 
by  the  use  of  equations  given  below.  It  is  felt  that  the  lack 
of  progress  in  the  development  of  equations  for  the  prediction 
of  heat  transfer  coefficients  is  due  primarily  to  the  prevailing 
custom  of  submitting  the  data  in  the  form  of  over-all  coeffi- 
cients (H),  and  the  failure  to  utilize  suitable  "mental  pictures" 
concerning  the  various  resistances  involved. 

Cases  to  Be  Considered 

The  study  of  the  film  coefficients  of  heat  transfer,  h,  by 
the  joint  mechanism  of  conduction  and  convection  will  in- 
clude the  following: 

I — Condensing  vapor  to  solid  (hv). 
11 — Liquid  (not  boiling)  to  solid,  or  vice  versa  (Ai). 
Ill— Gas  to  solid,  or  vice  versa  (hg). 
IV — Sohd  to  boiling  liquid  (hb). 

i — condensing  vapor  to  solid 

Phevious  Work  and  Scope   of  Present  Investigation 

In  spite  of  the  numerous  tests  of  heat  transfer  apparatus 
heated  by  condensing  vapors,  the  only  reference  found 
concerning  direct  measurements  of  the  film  coefficient 
(h^)  are  those  by  Clement  and  Garland''  who  investigated 
the  fikn  coefficient  from  condensing  steam  to  the  outer 
surface  of  a  1-in.  steel  tube.  The  direct  measurement  of 
this  coefficient  was  made  possible  by  the  use  of  thermo- 
couples flush  with  the  outer  tube  surface.  The  values  of 
h,  observed  by  these  investigators  ranged  from  1470  to 
2410  B.  t.  u.  per  hr.  per  °  F.  difference  in  temperature  be- 
tween steam  and  pipe  surface  per  sq.  ft.  film  area.  These 
observers  seem  to  have  made  no  attempt  to  explain  these 
variations  or  to  suggest  values  for  vapors  other  than  steam. 

Because  of  the  lack  of  data  in  this  important  field,  the 
writers  have  undertaken  an  investigation  to  obtain  data 
for  a  number  of  condensing  vapors,  for  the  ultimate  purpose 
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of  developing  a  general  formula  from  which   the  coefficent 
from  any  condensing  vapor  to  a  pipe  could  be  predicted. 

Variables  Involved 

Remembering  that  the  film  coefficient  of  heat  transfer, 
At,  in  question  is  determined  by  the  ratio  of  the  thermal 
conductivity;  k,  of  the  condensate  to  the  effective  thickness, 


Fio.    2 

L,  of  the  condensate  on  the  tube,  the  authors  predicted 
that  fh  would  be  affected  directly  by  the  thermal  conductivity^ 
of  the  condensate,  and  inversely  by  the  viscosity^  of  conden- 
sate, because  the  more  viscous  the  condensate,  the  greater 
would  be  the  thickness  of  the  layer  of  condensate  adhering 
to  the  tube.  If  the  surface  of  the  tube  is  coated  with  rust 
or  other  foreign  material  to  produce  an  appreciable  tempera- 
ture drop  a  "cleanliness"'  correction  must  be  made,  which 
also  takes  care  of  the  surface  condition  or  roughness  of  the 
tube.  Possibly  some  function  of  velocity  (either  parallel 
or  at  right  angles  to  the  tube,  or  both)  wUl  affect  the  co- 
efficient, and  if  this  is  the  case  a  correction  for  hydraulic 
radius,  m,  will  also  have  to  be  made,  for  the  reason  developed 
under  Case  III  of  this  series.  An  additional  variable  of 
great  importance  is  the  proportion  of  noncondensable  gas' 
present  in  the  vapor. 

Since  viscosity  is  approximately  a  hyperbolic  function 
of  temperature,  and  fluidity  (the  reciprocal  of  viscosity) 
is  nearly  a  straight  line  function  of  temperature,  it  was  de- 
cided to  introduce  fluidity  in  the  numerator  of  the  equation 
for  hv  instead  of  viscosity  in  the  denominator.*  The  vari- 
ation of  fluidity  /  of  several  liquids  with  temperature  is  shown 
in  Fig.  2. 

Hence  it  was  expected  that  the   general  formula  for  a 

*  Under  certain  conditions  of  operation  the  temperature  of  the  con- 
densate will  be  sufficiently  different  at  entrance  and  exit  of  the  apparatus 
to  raise  the  question  of  the  proper  average  viscosity  of  the  condensate. 
Inasmuch  as  viscosity  is  not  a  linear  function  of  temperature  it  will  be  difli- 
cult  to  work  out  a  correct  formula  for  obtaining  the  average  viscosity. 
On  the  other  hand,  since  fluidity  is  a  straight  line  function  of  temperature 
it  matters  little  whether  one  averages  temperatures  and  reads  off  the  corre- 
sponding fluidity  or  whether  the  fluidity  corresponding  to  each  tempera- 
ture la  determined  and  then  averaged.  By  dealing  with  fluidities  one 
obtains  the  correct  average  regardless  of  which  method  of  averaging  is 
used,  whereas  in  working  with  viscosities  different  results  would  be  obtained, 
neither  of  which   would  be  correct. 


vapor  containing  a  small  but  uniform  proportion   of  non- 
condensable  gas  would  take  the  form: 

hv  =  (b)  (c)  (k)  (/)  (t,)"/(m)i>  (7) 

where  hv  =  predicted  value  of  the  film  coefficient  of  heat  transfer 

between  a  condensing  vapor  and  a  pipe,  expressed  as  B.  t.  u. 

per  hr.  per  sq.  ft.  per  "  F. 
b   =  Experimentally  determined  coefficient  of  proportionality. 
Ci  =   Cleanliness  factor,  as  previously  defined. 
k   =  Thermal  conductivity  of  condensate  on  the  wall  of  the 

tube,  B.  t.  u.  per  hr.  per  °  F.  per  sq.  ft.  per  ft.  thickness. 
/  =   Fluidity  of  condensate  at  average  film  temperature  in 

relativef  imits.     See  Fig.  2  for  values. 
V   =  Average  velocity  of  vapor,  parallel  to  the  tube  or  at  right 

angles  to  the  tube,  in  convenient  units. 
n  =  Exponent  of  velocity  to  be  experimentally  determined. 
m  =  Hydraulic  radius  of  vapor  passage,  in  feet. 
p  =    Exponent   of   hydraulic   radius,   to    be    experimentally 

determined. 

Appaeatus  and  Method  Used  in  Preliminary 
Experiments 

The  saturated  vapor  being  investigated  was  passed  through 
the  annular  space  between  standard  1.5-in.  steel  pipe  and 
a  0.675-in.  o.  d.  and  0.49-in.  i.  d.  brass  pipe  placed  concen- 
trically with  the  jacket.  The  vapor  temperatures  in  the 
jacket  were  taken  at  points  very  close  to  the  entrance  and 
exit  by  means  of  calibrated  mercury  thermometers,  and  any 
excess  vapor  and  the  condensate  from  tliis  "main"  condenser 
were  led  to  an  auxiliary  condenser.  The  condensate  drained 
from  the  jacket  by  gravity  due  to  a  pitch  of  1  in.  per  ft.  of 
jacket.  The  cooling  water  flowed  through  the  brass  pipe 
parallel  to  the  flow  of  vapor,  thence  by  gravity  to  a  tank 
placed  on  scales.  The  rise  in  temperature  of  cooUng  water 
was  determined  from  the  readings  of  two  calibrated  mercury 
thermometers,  the  bulbs  of  which  were  placed  at  the  center 
Une  of  the  brass  pipe  directly  under  the  thermometers  in 
the  vapor.  The  rate  of  heat  transfer  was  then  readOy  ob- 
tained by  observing  the  weight  of  water  passed  in  a  definite 
period  of  time.  The  "skin"  temperatures  of  the  outer  sur- 
face of  the  brass  pipe  (at  two  points  directly  under  the  ther- 
mometers in  the  vapor  line)  were  measured  by  the  use  of 
calibrated  "base-metal"  thermocouples,  using  a  mUlivolt- 
meter  and  a  "cold  junction"  in  the  standard  manner.  The 
actual  distance  between  each  pair  of  couples  and  thermom- 
eters was  47.75  in. 

TaBLB  I   (CORRECTBD   DaTa) 


Temp.  "C. 

(Outer) 

Temp.  °C. 

Temp. 

°C. 

CooUn^ 

Run 

Surface  Brass  Pipe 

of  Vapor 

Cooling 

Water 

Water 

No. 

Entrance 

Exit 

Entrance          Exit 

Entrance 

Exit 

Lbs./Hr 

(1) 

(2) 

(3)                (4) 

(5) 

(6) 

(7) 

1 

78.5 

81.5 

100.6           98.0 

19.0 

37.8 

1585 

■2 

78.7 

79.5 

101.0           98.5 

19.1 

34.2 

2030 

3 

81.5 

81.2 

106.4         104.0 

19.1 

36.4 

2105 

4 

79.2 

77.6 

102.0           99.0 

19.5 

34.7 

2195 

f> 

101.5 

106.5 

117.0         115.0 

17.0 

48.6 

900 

6 

88.0 

84.5 

100.3           99.0 

17.3 

39.8 

973 

7 

88.5 

85.1 

99. S           98.8 

17.0 

40.0 

942 

H 

54.5 

64.0 

77.2           73.0 

19.5 

38.  5 

156 

9 

56.5 

67.0 

80.4           76.4 

19.5 

42.2 

147 

lU 

61,0 

69.5 

80.8           77.0 

19.3 

42.2 

141 

The  rate  of  water  flow  was  adjusted  to  give  a  sufficient 
rise  in  temperature  of  cooling  water,  and  the  rate  of  flow  of 
vapor  was  adjusted  to  suit  the  capacity  of  the  condenser. 
In  some  cases,  excess  vapor  was  used  in  order  to  determine 
the  effect  of  varying  the  velocity  of  the  vapor. 

Results 

Table  I  shows  the  data»  obtained,  with  all  corrections 
for  thermometer  calibrations  and  conversions  of  thermo- 

t  Viscosity  data  in  c.  g.  s.  units  (poises,  or  second  dynes  per  sq.  cm.) 
were  taken  from  the  literature,  and  since  the  viscosity  of  water  at  the  stand- 
ard temperature  chosen  (20°  C.)  is  0.0100'  in  these  units,  /  (the  fluidity 
of  the  liquid  at  the  temperature  in  question  relative  to  water  at  20°  C.) 
—  the  reciprocal  of  the  viscosity  in  centipoiscs.  For  example,  the  c.  g.  s. 
viscosity  of  liquid  benzene  at  70°  C.  is  0.003.^5.  and  the  corresponding 
value  of /is  1/(0.00365)(100)  -  2.82  for  benzene  nt  70°  C. 
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couple  reading  to  temperatures  made.  The  rate  of  flow  of 
cooling  water  has  been  reduced  to  an  hourly  basis  and  all 
temperature  readings  are  the  average  of  four  sets  of  readings 
taken  during  each  run,  the  variation  in  no  case  exceeding 
1°  C. 

Table  II  shows  results  of  calculations  from  the  observed 
data. 


,     ..          ,.             ,              (47.75)  (0.49)  (3.14)         „   ^,„ 
Inside  coolmg  surface  =    i — 1— '.    =    0.510  sq.  ft. 

144 
Observed  coefficient,  pipe  to  water,  hw  = 


53,600 


(0.510)  (1.8)  (45.6) 
B.  t.  u.  per  hr.  per  »  F.  per  sq.  ft.  (Col.  8.  Table  II). 

(c)  Predicted  value  film  coefficient  (hw) 
As  shown  under  Case  II  of  this  series. 


1280 


Ta 

BLE  II 

radius  in  feet. 

B.t.u./ 
Hr. 
Rtnj  Trans- 
No.     ferred 

(1) 

Average 

Temp. 

DiS. 

Steam  to 

PipeCC.)  *, 

(2)          (3) 

Vel. 
Cool- 
ing 
Water 
K              Ft.  per 
/  (Cond.)  (Cond.)  A,//fc  Sec. 

(4)           (5)         (6)        (7) 

(Obs.) 
(8) 

Ratio 

*„,  (Obs.) 

lia,(Calc.) 
(9) 

K    =   0.329,  as  before. 

S  =  shape  factor  =    —    =   98;    S«-"  =  2.18. 
0.49 

hw  =  (340)  (0.329)  (c)  (/)  («)»."  (2.18)  =  244  (c)  (J)  (« 
In  order  to  make  a  comparison,  call  cleanliness  coefficient  (a) 

»■"). 
=  1.00. 

1 

53,  600 
SS,  200 
61,700 
60,  000 
51,200 
39,  400 
39.  000 

19.3 
20.6 
23.7 
22.1 
12.0 
13.4 
12.4 

2190 
2110 
2060 
2150 
3360 
2310 
2475 

3.05 
3.05 
3.12 
3.04 
,3.86 
3.16 
3.16 

0.329 
0.329 
0.329 
0.329 
0.329 
0.329 
0.329 

2180 
2100 
2010 
2150 
•2650 
2220 
2380 

5,39 
6.90 
7.16 
7.45 
3.06 
3.31 
3.20 

1280 

1300 

1420 

1460 

851 

805 

789 

1.20 
1.06 
1.10 
1.10 
1.12 
1.09 
1.10 

(lbs.  cooling  water  per  hr.) 

2 

3 
4 

(62.3) 
water  velocity  in 

cross-sectional  a 
feet  per  second  = 

rea  of  tube,  sq.  ft.)  (3600) 
(lbs.  water  per  hr.) 

b 
6 
7 

(62.3)  (0.49)  (0.49)  (0.785)  (3600) 
144 

Carbon  Tetrachloride  Vapor 

lbs.  cool,  water 

per  hr. 

9       ;6,010      15.5 
10_L;o,820      12.6 


Benzene   Vapor 

306      2.81       0.0806  1350     0.50       217  1.18 

366      2.87       0.0806  1580     0.48       187  1.06 

Av.  1.11 


Sample  Calcdlations  (Data  por  Run  1,  Steam) 
(a)   Calculation  of  b 

-•=  (1585)  (1.8)  (37.8-19.0)  =  53.600  B.  t.  u.  per  hr.  (Col.  1,  Table  II). 

Temperature  diff.  (°  C.)  initial    =100.6-78.5  =  22.1 
Final    =   '98.0-81.5  =   16.5 

Mean  ^_?£iljLi£i?    =19.3  (Col.  2,  Table  II). 
2 

r.     ^       ■  ^  (47.75)    (0.675)    (3.14) 

Condensing     surface    =     =  0.703  sq.   It. 

144 

Observed  film  coefficient  on  vapor  side  (*„)  = 


53,600 


(19.3)  (1.8)  (0.703) 
Table  II). 


=  2190  B.  t.  u.  per  hr.  per   °  F.  per  sq.  ft.  (Col.  3, 


„        '  .         .  100.6  +  98.0-19.3       „Q„,o«i 

Temp,  condensate  =  =  89.6  (°C.). 

2 

Corresponding  fluidity  (see  Fig.  2)  =  3.05  (Col.  4,  Table  II). 

Thermal  conductivity  (K)  of  condensate  =  value  in  Landolt-Bomstein's 
"Tabellen"  at  room  temperature  converted  into  English  units  (B.  t.  u.  per 
hr.  per  sq.  ft.  per  °  F.  per  ft.)  by  multiplying  by  242  (Col.  5,  Table  II) 


hv 


2190 


=   2180  (Col.  6,  Table  11). 


fK.        (3.05)    (0.329) 

(&)   Calculation  of  hw  (observed) 

To  calculate  the  film  coefficient  on  the  water  side,  it  is  necessary  to  know 
the  drop  in  temperature  from  the  inner  wall  of  the  brass  tube  to  the  main 
body  of  the  water  in  the  tube.  This  equals  the  drop  from  the  outer  wall 
of  the  brass  tube  to  the  water,  less  the  drop  through  the  brass  tube.  The 
latter  is  readily  calculated,  since  the  thermal  conductivity  and  thickness 
of  the  brass  tube  is  known,  namely,  fe  =  63.0  B.  t.  u.  per  hr.  per  sq.  ft.  per 
•  F.  per  ft.,  and  L  =  (0.675  -  0.49)/(2)  (12)  or  0.00771  ft. 

The  average  area  of  the  tube  (based  on  the  mean  diameter  of  0.583  in.) 
is  (47.75)  (0.583)  (3.14)/144  =  0.607  sq.  ft.,  and  the  resistance  (L/KA) 
is  (0.00771)/(63.0)  (0.607)   =  0.000202. 

The  **  C.  drop  through  the  brass  tube  is: 


0(0.000202) 


Q/e 

8910 


8(1.8) 

The  drop  for  Run  1  is,  then,  53,600/8910  =  6.0°  C. 

From  outer  wall  to  water  (°  C.)  = 

Initial  =   78.5-19.0  =   59.5 
Final    =!  81.5-37.8  =  43.7 

59.5  -f  43.7 
Mean  = =  51.6. 

From  inner  wall  to  water  =  61.6-6.0  =  45.6°  C. 


294 
For  Run  1,  a  =  1,585/294  =  5.39  ft.  per  sec.  (Col.  7,  Table  II). 

r       .             190  +  37.8 
Average  temp,  of  water    = =    28.4°   C,   and  correspond 

ing  fluidity,  /  (from  Fig.  2),  is  1.22. 

Whence  h^  (predicted)  =  (244)  (1.0)  (1.22)  (5.39)i'-"  =  1070  B.t.u. 
per  hr.  per  sq.  ft.  per  °  F. 

Ratio  of  h^  (observed  to  calculated)  =  1280/1070  =  1.20  (Col.  9,  Table 
II). 

Discussion  of  Results 

As  shown  by  the  first  seven  runs  in  Column  3,  Table  II, 
the  average  of  the  observed  coefficient  of  heat  transfer  from 
condensing  steam  to  pipe  is  about  2400  B.  t.  u.  per  hr.  per 
°  F.  per  sq.  ft.,  which  checks  fairly  well  with  Clement  and 
Garland's  range  of  1470  to  2410.  Of  course  there  is  no  reason 
to  beUeve  that  the  percentage  of  air  in  the  steam  was  exactly 
the  same  in  the  two  series.  The  observed  coefficient  from 
condensing  vapor  to  pipe  in  the  case  of  carbon  tetrachloride 
and  benzene  (see  Runs  8,  9,  and  10,  Col.  3,  Table  II)  are 
approximately  280  and  340,  respectively.  Thus  it  is  seen 
that  the  coefficient  {hv)  in  the  case  of  steam  is  approximately 
eight  times  that  observed  for  these  two  organic  vapors. 

If  each  individual  value  for  the  vapor  film  coefficient 
is  divided  by  the  conductivity  and  fluidity  of  the  condensate, 
the  average  is  2240  for  the  steam  runs,  2500  for  the  carbon 
tetrachloride,  and  about  1500  for  the  benzene  (see  Col. 
6,  Table  II).  Thus  by  correcting  for  fluidity  and  conduc- 
tivity of  the  condensate,  the  eight-fold  ratio  between  or- 
ganic vapor  and  steam  is  reduced  to  less  than  two-fold. 
It  will  be  noted  that  no  allowance  was  made  for  variation 
of  thermal  conductivity  of  condensate  with  temperature, 
as  no  rehable  data  were  available  for  this  purpose.  The  values 
used  for  K  in  EngUsh  units  were  obtained  by  multiplying 
those  quoted  for  room  temperature  in  the  1912  Landolt- 
Bornstein  Tables  by  the  conversion  factor  of  242,  which 
converts  thermal  conductivity  from  c.  g.  s.  (French)  to  Eng- 
lish units. 

It  must  be  remembered  that  the  ratio  of  h  to  fk  should 
be  further  corrected  for  variations  in  concentration  of  non- 
condensable  gas  in  the  vapor  and  vapor  velocity.  No 
attempt  was  made  in  these  prefiminary  experiments  to  con- 
trol the  percentage  of  noncondensable  gas,  which  may  have 
been  present  to  the  extent  of  the  solubflity  of  air  in  the  liquids 
vaporized.  In  some  of  the  runs  excess  vapor  was  used, 
and  it  appears  that  h/fk  varies  somewhat  with  vapor  velocity. 
However,  the  few  points  available  at  present  do  not  warrant 
the  introduction  of  a  velocity  correction  at  this  time.    This 
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work   is  being  continued  and  it   is    hoped  to  publish  ad- 
ditional data  at  an  early  date. 

The  experimental  method  used  also  made  it  possible 
to  determine  directly  the  film  coefficient  of  heat  transfer 
between  the  brass  pipe  and  the  cooling  water,  and  the  ob- 
served coefficients  on  the  water  side,  /(„,,  are  tabulated  in 
Column  8,  Table  11.  By  means  of  an  equation  to  be  quoted 
in  the  next  paper  of  this  series,  the  value  of  this  water  film 
coefficient  was  predicted  for  each  of  these  cases  and  the 
ratio  of  the  observed  to  the  predicted  value  is  tabulated  in 
Column  9,  Table  II.  It  will  be  seen  that  the  maximum 
fluctuation  is  between  1.05  and  1.20,  with  an  "average 
deviation"  of  3.4  per  cent  from  the  average  of  the  ten  runs 
(1.11),  and  with  a  "probable  deviation"  of  1  per  cent. 
It  is  felt  that  these  "checks"  are  all  that  could  be  desired, 
and  that  they  show  that  the  coefficients,  h,,  on  the  vapor 
side  are  reliable.  * 

Thermal  Conductivities  of  Liqxtids 

It  has  been  shown  above  that  the  coefficient  of  heat  trans- 
fer between  a  condensing  vapor  and  a  pipe  is  directly  pro- 
portional to  the  thermal  conductivity  of  the  condensate, 
k,  in  Enghsh  units.  Where  experimental  data  are  not 
available,  it  is  desirable  to  have  a  method  of  predicting  the 
thermal  conductivity  of  the  liquid  in  question,  because 
the  experimental  determination  of  the  liquid  conductivity 
is  a  difficult  matter. 

In  1885  H.  F.  Weber'  derived  an  empirical  relationship 
between  liquid  conductivity,  k,  specific  heat,  c,  and  specific 
gravity,  s,  and  found  that  the  conductivity  was  approxi- 
mately proportional  to  the  product  of  the  other  two  factors. 
While  tills  rule  worked  satisfactorily  for  certain  liquids, 
it  was  found  to  deviate  widely  in  the  case  of  others,  and  in 
1893  Weber'"  introduced  an  additional  correction  term 
which  satisfactorily  correlated  the  experimental  values  of 
thermal  conductivities,  as  shown  by  Table  III. 

Table  III — Thermal  Conductivity  of  Liquid* 

Thermal 
Conduc- 
tivity 

Eng.  Mol. 

Sub-  Ob-     Units      Sp.  Gr.    Sp.  Ht.     Wt. 

STANCE       server       K  j  c  M 


only  from  0.84  to  0.90.    Hence,  Weber's  revised  equation 

states    that 


0.868  (c)   (s) 


'   3;m 

m  ^^a  iW  ^ 


0.81       0.586 


32 
46 
60 


3.41  0.263  0.S95 
3.86  0.221  0.853 
4.18     0.213     0.891 


Methanol  Weber      0.12 

Ethyl   al- 
cohol      Weber      0.1025     0.804     0.579 

Propyl  al- 
cohol      Weber      0.0902     0.819     0.518 

Chloro- 
ben- 
zene         Weber      0.0731     1.111     0.352     112.5     4,65     0.187     0.871 

Carbon 
tetra- 
chloride Weber      0.0610     1.63       0.205     153.8     4.56     0.1S2     0.840 

Benzene     Weber     0.0806     0.S73     0.460       78.0     4.48     0.201     0.900 

Aniline        Weber      0.0990     1.039     0.497       93         4.47     0.192     0.8.57 

Toluene      Weber     0.0742     0.8S4     0.440       92         4.71     0.191     0.896 

Carbon 
disul- 
fide Graetz     0.0647     1.263     0.240       76.1     3.93     0.215     0.840 

Chloro- 
form       Weber      0.0697     1.503     0.234     119.4     4.31     0.198     0.855 

Water         Weber      0.329       1.000     1.006       18         2.62     0.329     0.861 

Glycerol     Weber     0.155       1.26       0.676       92         4.18     0.214     0.893 

Acetic 

acid         Weber     0.1141     1.069     0.487       60         3.83     0.220     0.842 

Av.  0.217     0.868 

>  All  data  are  for  room  temperature;    source  LandoIt-BOrnstein  "Ta- 

bellen,"    1912   Ed. 

Column  7,  Table  III,  shows  k  divided  by  (s)  (c),and  it  is 
seen  that  the  proportionality  constant  oi  in  the  expression 
k    =    aics  (9) 

varies  from  0.18  to  0.33.    When  the  values  in  this  column 
are  multiplied  by  the  cube  root  of  the  ratio  of  the  molecular 

weight  of  liquid  to  the  specific  gravity  of  liquid, -W  —  ,  the 

'   s 

variations  in  the  revised  constant,  aj,  are  much  less,  being 


^W 


(10) 


Thus  by  Equation  10  the  predicted  value  of  k  for  water 
(in  English  units)  is  (0.868)  (1)  (l)/-«yi8,  or  0.332,  which 
checks  well  with  the  experimental  value  for  water  of  0.329 
B.  t.  u.  per  hr.  per  sq.  ft.  per  °  F.  per  ft.  of  thickness.  Equa- 
tion 10  indicates  a  variation  of  k  with  temperature.  If 
the  specific  heat,  c,  rises  more  rapidly  with  increasing  tem- 
perature than  the  specific  gravity,  s,  decreases,  the  thermal 
conductivity,  K,  of  the  liquid  will  increase,  while  if  the  re- 
verse is  true,  k  will  decrease.  Now  the  effect  of  temperature 
on  k  has  not  been  checked  experimentally,  but  it  is  seen  that 
the  variations  of  c  and  s  with  temperature  are  in  opposite 
directions,  and  hence  the  effect  of  temperature  on  K  will 
not   be  great. 

Nomenclature  Table 

A  =  Area  of  heat  transfer  surface  in  sq.  ft. 

ai  =  "Constant"  in  Equation  9. 

02  =  Proportionality  constant  in  Equation  10. 

b  =  Experimentally  determined  coefBcient  of  proportionality  in  Equation  7. 

c  =  Specific  heat  of  the  condensate,  B.  t.  u.  per  lb.  per  °  F. 
1    =   Cleanliness  factor  in  Equation  7. 
=   Fluidity  of  condensate  at  temperature  in  question  relative  to  that  of 
water  at  20°  C.  (68°  F.)  as  unity.     See  Fig.  2  for  values. 

H  =  Over-all  coefficient  of  heat  transfer  from  hot  fluid  to  colder  fluid  ex- 
pressed as  B.  t.  u.  per  hr.  per  sq.  ft.  per  °  F.  over-all  temperature  dif- 
ference.    See  Equation  5. 

h  =  Film  coefBcient  of  heat  transfer  in  B.  t.  u.  per  hr.  per  sq.  ft.  film  area 
per  "  F.  temperature  drop  through  the  film. 

hv  =  Value  of  h  from  condensing  vapor  to  pipe. 

hw  =  Value  of  h  from  pipe  to  cooling  water. 

k  (or  K)  =  thermal  conductivity  of  substance  as  B.  t.  u.  per  hr.  per  sq. " 
ft.  per  °  F.  drop  in  temperature  through  the  substance  per  ft.  of 
thickness.  See  Table  III  or  Equation  10  for  values  of  k  for  condensate. 

L  =  Effective  thickness  of  film  in  ft.,  or  thickness  of  retaining  wall  in  ft. 

M  =  Molecular  weight  of  condensate  (see  Equation  10). 

m  =  Hydraulic  radius  in  ft.  =  cross-sectional  area  (sq.  ft.)  of  path  of  fluid 
divided  by  wetted  perimeter  in  ft.  For  a  circular  pipe,  m  equals  one- 
fourth  the  inside  pipe  diameter  in  ft. 

n  =  Exponent  of  velocity,  to  be  experimentally  determined. 

p  =  Exponent  of  hydraulic  radius,  to  be  experimentally  determined. 

Q/e  =  B.  t.  u.  transferred  per  hr. 

r  =  Thermal  resistance  of  any  definite  part  of  the  path  =  h/kA.  See 
Equation    4. 

i   =   Sp.  gr.  of  condensate. 

(AT)  =  Average  over-all  difference  in  temperature  between  hot  and  cold 
fluids    (see    Equation    6). 

(At)   =  Average  drop  in  temperature  through  any  definite  part  of  the  path. 

«  =  Average  linear  velocity  of  cooling  water  in  ft.  per  sec. 

p  =   Velocity  of  vapor  in  convenient  units. 

Summary 

1 — The  nature  of  the  problems  arising  in  the  field  of 
heat  transfer  has  been  outUned,  together  with  a  rational 
method  for  studying  these  problems. 

2 — A  discussion  is  given  of  the  nature  of  the  variables 
likely  to  affect  the  coefficient  of  heat  transfer  in  the  important 
case  of  the  flow  of  heat  from  condensing  vapors  to  a  pipe, 
and  it  is  shown  that  the  main  variables  are  fluidity  and  ther- 
mal conductivity  of  the  condensate  and  concentration  of 
noncondensable  gas  in  the  vapors. 

3 — The  results  of  preliminary  experiments  made  to  de- 
termine the  numerical  value  of  the  coefficient  of  heat  transfer 
between  certain  condensing  vapors  and  a  pipe  show  that  the 
coefficient  in  the  case  of  steam  averages  about  2400  B.  t.  u. 
per  hr.  per  sq.  ft.  per  °  F.  and  310  B.  t.  u.  per  hr.  per  sq.  ft. 
per  °  F.  in  the  case  of  benzene  or  carbon  tetrachloride.  It 
is  seen  that  the  coefficient  for  steam  is  approximately  eight 
times  that  found  in  the  case  of  benzene  or  carbon  tetraclilo- 
ride. 

4 — If  this  coefficient  is  divided  in  each  case  by  the  prod- 
uct  of   the    thermal    conductivity   of   the  condensate  and 
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the  fluidity,  the  resulting  values  for  these  three  vapors 
vary  less  than  two-fold. 

5 — Inasmuch  as  thermal  conductivity  plays  such  an  im- 
portant part  in  determining  the  coefficient  for  any  given 
vapor,  H.  F.  Weber's  equation  for  predicting  the  thermal 
conductivity  is  quoted  and  its  apphcation  is  illustrated 
by  a  table  of  values. 

6 — These  experiments  are  being  continued  for  the  purpose 
of  determining  the  'effect  of  other  variables  which  may 
affect  the  coefficient  of  heat  transfer  between  condensing 
vapor  and  pipe. 

7 — From  the  results  of  these  prehminary  experiments 
the  numerical  value  of  the  coefficient  of  heat  transfer  be- 
tween (0.49  in.  inside  diameter)  pipe  and  coohng  water 
is  found  to  vary  from  200  to  1.500  B.  t.  u.  per  hr.  per  sq.  ft. 
per  °  F.,  while  the  water  velocity  varies  from  0.5  to  7.5 
ft.  per  sec.  It  is  shown  that  these  results  check  within 
10  per  cent  of  the  values  figured  from  an  equation  to  be 
published  in  the  next  article  of  this  series. 
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The  Decolorizing-  Action  of  Bone-Black' 

By  Claude  H.  Hall,  Jr. 

Chemical  Laboratory,  Maryland  Academy  of  Sciences,  105  W.  Franklin  St.,  Baltimore,  Md. 


This  investigation  was  suggested  by  Bancroft^  in  his  list 
of  problems  in  colloid  chemistry.  There  are  only  three  im- 
portant references  bearing  on  the  phase  of  the  subject  under 
discussion:  Bancroft'  gives  a  synoptical  account  of  charcoal 
before  the  war,  chiefly  from  an  industrial  point  of  view; 
Knechf  agrees  vnih  Patterson,  but  introduces  no  new  evi- 
dence; and  Patterson,'  who  describes  at  considerable  length 
the  extraction  from  bone-black,  and  the  examination  of  a 
nitrogenous  material  to  which  is  due  the  decolorizing  ac- 
tion of  the  bone-black.  The  object  of  this  investigation  was 
to  repeat  the  work  of  Patterson,  which  has  never  been  con- 
firmed, and  to  carry  his  researches  a  step  further. 
Experimental 

The  procedure  finally  adopted  as  most  satisfactory  is  to 
digest  about  15  g.  of  bone-black  with  90  cc.  of  15  per  cent 
hydrochloric  acid  for  20  min.,  filter  through  an  alundum 
crucible,  and  dry  residue  at  about  120°  C.  The  loss  is  ap- 
proximately 30  per  cent,  chiefly  mineral  matter.  Suspend 
the  crucible  containing  the  residue  in  a  small  beaker  of  con- 
centrated sulfuric  acid  and  allow  it  to  remain  on  a  water 
bath  for  2  hrs.  Filter  through  the  same  crucible  and 
wash  with  80  per  cent  sulfuric  acid.  The  sulfuric  acid  ex- 
tract is  poured  into  0.5  1.  of  water  and  the  wliole  put  aside  for 
several  hours.  At  the  end  of  that  time  a  brown  precipitate 
will  be  found  to  have  collected  on  the  bottom  of  the  beaker 
and  may  be  filtered  off  through  a  fine  filter.  It  is  almost  im- 
possible to  wash  this  precipitate,  because  it  becomes  col- 
loidal as  soon  as  the  sulfuric  acid  is  removed. 

This  extracted  material  is  the  active  decolorizing  agent  of 
the  bone-black,  for  a  few  drops  of  its  concentrated  suspension 

1  Presented  before  the  Division  of  Physical  and  Inorganic  Chemistry 
at  the  62nd  Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y., 
September  6  to  10,  1921. 

»  This  Journal,  IS  (1921),  155. 

•  J.  Phys.  Chem.,  21  (1920),  201. 

'  J.  Soc.  Chem.  Ind.,  28  (1909),  700. 

»/Wd.,  20  (1803),  608. 


in  water  are  equal  in  decolorizing  action  to  several  grams  of 
good  bone-black. 

The  next  and  most  important  step  was  to  determine 
whether  by  the  precipitation  of  this  substance  on  wood  char- 
coal, or  other  porous  material,  an  active  charcoal  could  be 
produced.  The  precipitation  was  carried  out  by  mixing  wood 
charcoal  in  the  sulfuric  acid  suspension  of  the  extract,  add- 
ing water,  and  filtering.  The  material  thus  prepared  was 
found  to  be  about  twice  as  active  as  the  original  bone-black, 
but  this  is  easily  explained  by  the  fact  that  the  extract  from 
about  15  g.  of  bone-black  was  suspended  on  about  6  g.  of 
wood  charcoal. 

Discussion 

It  may  be  concluded  that  the  decolorizing  action  of  bone- 
black  is  entirely  due  to  a  mixture  of  nitrogenous  decompo- 
sition products  of  bone  cartilage,  etc.,  which  are  carried  by 
the  charcoal  proper.  These  compounds  are  described  by 
Patterson,  and  his  results  have  been  confirmed  by  the  author. 
The  compounds  are  insoluble  in  ethyl  alcohol,  ether,  benzine, 
and  chloroform,  soluble  in  ammonium  hydroxide,  concen- 
trated sulfuric  acid,  and  concentrated  hydrochloric  acid, 
from  the  latter  two  of  which  they  are  precipitated  by  water. 
They  have  the  empirical  formula  CjsHjoNjOs. 

The  real  nature  of  these  bodies  and  the  mechanism  of 
the  reaction,  however,  still  remain  a  mystery. 


School  for  Water  Plant  Operators 

During  the  week  of  January  16,  1922,  a  course  on  "Whole- 
some Water  Production"  is  to  be  given  in  Dallas,  Texas,  imder 
the  auspices  of  the  city  Health  Department,  with  the  coopera- 
tion of  the  Texas  State  Board  of  Health  and  the  Texas  Water 
Works  Association.  This  is  the  fourth  short  course  offered  free 
of  charge  to  water  plant  operators.  The  work  is  not  highly 
technical,  but  will  cover  comprehensive  and  practical  points  in. 
the  purification  of  water. 
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Potash   from   Kelp.    V— The  Applicability  of  Kelpchar  as  a  Bleaching  and 

Purifying   Agent'" 

By  J.  W.  Turrentine  and  H.  G.  Tanner 
ExpBRiMSNTAi.  Kelp  Potash  Plant,  Bureau  of  Soils,  Department  op  Agriculture,  Summbrland,  California 

During  tlie  past  few  years  there  has  been  an  awakened 
industrial  interest  in  the  unique  adsorptive  quality  of  char- 
•coal.  In  many  instances,  products  that  are  ordinarily  purified 
by  recrystallization,  distillation,  or  chemical  precipitation 
•of  the  foreign  substances  can  now  be  brought  to  an  even 
higher  degree  of  purity  by  a  simple  treatment  with  activated 
■charcoal.  The  utilization  of  activated  charcoal,  or  decolor- 
izing carbon,  as  it  is  frequently  termed,  by  the  industries 
in  large  quantities  awaits  only  the  advent  of  a  carbon  of  high 
activity  that  can  meet  the  requirements  of  the  trade.  The 
possibilities  along  this  line  have  been  observed  by  many,  as 
is  witnessed  by  the  large  volume  of  patents  and  articles  on 
•decolorizing  carbon  recently  published,  and  the  many  re- 
searches and  tests  conducted  by  industrial  concerns.  Car- 
bonaceous matter  of  various  sorts  has  been  treated  in  many 
•different  ways  in  the  hope  of  finding  a  carbon  that  would 
surpass  all  others  in  its  purifying  powers. 

Carbons,  both  of  vegetable  and  animal  origin,  have  been 
used  for  sugar  purification  for  over  a  century,  and  during 
this  time  favoritism  has  been  constantly  shifting  among 
bone-black,  vegetable  carbons,  and  pm-ely  chemical  methods 
of  bleaching  the  sugar  sirups.  Recent  improvements  in 
vegetable  charcoal  have  inclined  sugar  manufacturers  again 
in  this  direction. 

Through  the  work  of  Zerban''  it  was  established  that  a 
good  decolorizing  carbon  could  be  made  from  the  Pacific 
Coast  kelp,  Macrocystis  pyrifera,  which  is  the  kelp  that  has 
been  made  the  basis  of  the  kelp  products  industry  of  Southern 
California.  Zerban  found  that  a  carbon  could  be  prepared 
that  was  equal  to  the  best  vegetable  charcoals  on  the  market, 
and  some  of  these  carbons,  according  to  Coates,^  possess 
from  fifty  to  seventy-five  times  the  decolorizing  value  of 
good  bone-black. 

Subsequent  to  Zerban's  tests,  the  manufacture  of  bleaching 
carbon  as  a  by-product  in  the  extraction  of  potash  from  kelp 
was  incorporated  in  the  plans  for  this  experimental  plant, 
and  researches  looking  to  its  large-scale  production  were  im- 
mediately inaugurated.  Success  attended  these  studies. 
Bleaching  carbon  is  being  manufactmed  from  kelp  in  quan- 
tities of  one  thousand  pounds  per  day  at  a  fair  cost,  and  has 
been  successfully  introduced  under  the  trade  name  "kelp- 
char."  Its  manufacture  will  be  described  in  a  subsequent 
paper. 

The  Testing  of  Carbons 

At  the  outset  it  was  necessary  to  develop  a  reliable  and 
quick  method  of  determining  the  activity  of  the  carbon  in 
order  that  the  various  processes  of  manufacture  could  be 
controlled.  No  universal  method  seemingly  exists  whereby 
the  decolorizing  value  of  carbon  on  solutions  of  different 
types  may  be  expressed,  since  the  decolorization  of  a  com- 
plex solution  is  influenced  by  a  great  many  factors.  Carbons 
are  specific  in  their  action.  For  these  reasons,  it  is  desirable 
to  test  a  carbon  in  a  manner  as  nearly  parallel  as  possible 
to  the  way  in  which  it  will  be  applied  on  a  large  scale. 

Wickenden  and  Hassler'  advocated  testing  carbons  de- 
signed for  the  purification  of  oils  by  causing  the  carbop  to 

'  Received  August  26,  1921. 

'  Published  with  the  permission  of  the  Secretary  of  Agiiculture. 
>  Parts  I  to  IV,  This  Journal,  11  (1019),  864;  13  (1920),  082,  786; 
IS  (1921),  005. 

•  This  Journal,  10  (1918),  812 
tibid.,  13  (1921),  150. 
'Ibid.,  8  (1916),  619. 


remove  a  dye  dissolved  in  oil.  The  weight  of  carbon  pro- 
ducing the  same  degree  of  decolorization  as  a  unit  quantity 
of  another  carbon  selected  as  a  standard  gave  the  necessary 
data  for  judging  the  value  of  the  carbon  under  test.  The 
method  is  open  to  the  objection  that  the  carbon  in  the  labo- 
ratory is  made  to  remove  an  impurity  different  from  those 
which  it  is  expected  to  remove  in  the  plant.  The  carbon 
may  be  spedific  to  the  dye  and  not  to  the  coloring  matter 
occurring  in  the  oil.  Of  course,  any  method  of  control  analy- 
sis which  is  empirical  depends  for  its  accuracy  upon  the  close- 
ness wherewith  the  method  parallels  the  procedure  to  be 
observed  in  actual  practice. 

Zerban  and  Freeland  suggested  a  method  of  determining 
the  decolorizing  value  of  a  carbon  as  applied  to  cane-sugar 
sirups.  Their  original  method  prescribed  boiling  a  quantity 
of  dilute  cane  molasses  with  a  unit  amount  of  carbon  under 
examination  and  comparing  the  filtrate  colorimetricaUy  with 
another  filtrate  prepared  from  the  same  amount  of  a  second 
carbon  chosen  as  a  standard.  Unless  the  two  carbons  were 
of  equal  quality,  the  filtrates  produced  would  not  agree  either 
as  to  tint  or  intensity  of  color.  This  made  comparison  diffi- 
cult, and  to  overcome  this  Zerban'  and  his  collaborators 
recommended  the  use  of  a  Hess-Ives  tint  photometer.  Car- 
bons were  compared  on  the  basis  of  the  amount  of  color  left 
in  solution.  If  one  carbon  removed  all  but  20  per  cent  of 
the  color  and  another  all  but  5  per  cent,  the  latter  was  four 
times  as  efficient  as  the  former. 

In  this  laboratory  a  method  of  evaluating  carbon  has  been 
devised  for  plant  control  which  possesses  simplicity  and  has 
given  satisfaction. 

PROCEDUEE — A  stock  solutiou  of  molasses  is  prepared  by 
dissolving  50  g.  of  cane  molasses  in  about  a  liter  of  water. 
After  bringing  the  solution  to  neutrality  with  sodium  hy- 
droxide or  acetic  acid  as  required,  3  cc.  of  glacial  acetic  acid, 
15  g.  of  sodium  acetate,  and  2  cc.  of  formaldehyde  are  added. 

Of  this  solution  80  cc.  are  brought  to  boiling  with  2  g.  of 
the  carbon  to  be  tested.  The  mixture  is  filtered  while  still 
hot,  and  the  filtrate  is  matched  with  a  set  of  filtrates  prepared 
in  the  same  manner  but  with  different  quantities  of  a  standard 
carbon.  The  weights  of  the  unknown  and  the  standard 
carbon  samples  producing  the  same  degree  of  decolorization 
are  taken  as  representing  the  relative  eflficiencies  of  these 
carbons.  For  convenience,  the  ratio  of  these  weights  is  cal- 
culated to  the  percentage  basis,  figuring  the  standard  carbon 
as  100  per  cent. 

The  standard  carbon  may  be  any  carbon  arbitrarily  .se- 
lected for  the  comparison.  The  set  of  standard  filtrates 
deteriorates  on  standing,  and  should  be  prepared  fresh  daily. 

DISCUSSION — This  method  combines  reliabOity  with  speed. 
The  presence  of  sodium  acetate  does  not  appreciably  affect 
the  action  of  the  carbon  on  the  natural  impurities  in  the 
sugar  solution,  and  serves  to  maintain  a  constant  H-ion 
concentration  throughout  a  series  of  tests.  This  is  verjf 
important  since  the  amount  of  color  adsorbed  by  a  carbon 
is  very  sensitive  to  changes  in  acidity  (or  alkalinity),  especially 
near  the  neutral  point.  It  frequently  happens,  when  testing 
carbons  from  widely  different  sources,  that  some  of  them  will 
contain  a  small  amount  of  acid  and  others,  alkali.  If  the 
sugar  solution  be  neutral  or  be  not  fortified  against  changes 
in  concentration  of  either  H  or  OH  ion,  one  carbon  may  be 

'  Louisinna    State    Agricultural     ICxperimeut    Station,     BuUtlin     167 
(1919),  12. 
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tested  in  an  alkaline  medium  and  the  other  in  acid.    The 
results  will  not  be  comparable  in  the  least  degree. 

With  adjustments  in  concentration  to  suit  the  individual 
requirements,  beet  molasses  or  maJt  sirup  may  be  used  instead 
of  cane  molasses. 

No  buffer  salt  is  required  if  carbons  are  to  be  tested  on 
solutions  that  are  strongly  acid,  such  as  concentrated  citric 
or  lactic  acid. 

The  Applications  of  Kjelpchar 

CANE  SUGAE— The  sugar  manufacturer  is  fortunate  in 
having  a  choice  of  methods  for  refining  his  product.  He 
may  resort  to  either  purely  chemical  or  purely  adsorptive 
processes,  or  a  combination  of  the  two.  Zerban*  has  made 
extensive  experiments  with  the  physical  methods  of  refining 
sugar,  and  concludes  that  cane  juice  clarification  may  be 
brought  about  without  the  use  of  any  chemicals  whatever, 
but  simply  by  the  use  of  efficient  adsorbents.  It  was  found 
by  laboratory  and  factory  tests  that  in  comparison  with  the 
sulfitation  process,  at  least  the  same  quantity  of  first  sugar 
of  greatly  superior  quahty  can  be  made  by  clarification  with 
0.5  per  cent  kieselguhr,  followed  by  treatment  with  1  per  cent 
of  an  active  vegetable  carbon,  and  filtering  the  juice  in  both 
cases,  which  is  easily  and  rapidly  done.  The  first  molasses, 
he  states,  is  so  very  Ught  in  color  that  the  recoverj'  of  high- 
grade  sugar  can  probably  be  materially  increased,  still  lea\ing 
a  molasses  of  higher  market  value  than  that  made  by  the 
usual  plantation  methods.  Essentially  the  same  result  was 
obtained  with  kelpchar. 

More  recent  tests  of  this  nonchemical  method  of  preparing 
white  sugar  direct  were  conducted  by  Mr.  J.  F.  Brewster  of 
the  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture, 
and  others  at  the  Louisiana  State  University  Experiment 
Station  at  New  Orleans.  Cane  juice  from  the  mill  was 
filtered  hot,  first  through  kieselguhr  to  remove  coarse  sus- 
pended matter,  then  was  treated  with  1  per  cent  of  carbon 
(ash-  and  moisture-free  basis)  calculated  on  the  original 
weight  of  juice.  These  treatments  were  made  at  the  Station 
sugar  house,  and  may  be  regarded  as  being  on  a  factory 
scale  as  far  as  the  filtration  is  concerned.  An  ordinary  plate 
and  frame  filter  press  was  used.  Parallel  runs  were  made 
with  four  carbons;  carbon  A,  an  imported  carbon;  B  and  C, 
.^ijnerican  carbons;  and  kelpchar. 

Table  I  shows  the  total  color  remaining  in  the  juice  after 
treatment  with  kieselguhr  and  then  with  carbon.  These 
color  units  were  determined  by  means  of  the  Hess-Ives  tint 
photometer.  Table  II  shows  colloids  remaining  iu  the  juices 
after  treatment  with  kieselguhr  and  carbon,  respectively. 
The  results  were  obtained  by  dialyzing  the  juices  until  free 
from,  crystalloids,  then  evaporating  to  drjmess,  and  weighing 
the  sohd  residue.  Results  are  expressed  in  g.  per  100  cc.  of 
juice. 

Table  1 — Total  Color  Remaining  in  Juices  after  Treatment 


Run 
No. 

1  Kieselguhr 

2  Kieselguhr 

3  Kieselguhr 

4  Kieselguhr 


Total  Color 
83.17 
84.56 
86.03 
81.56 


Carbon  Total  Color 
A  13.40 

Kelpchar  13 .  36 

B  3.20 

C  16.90 


The  color  remaining  in  the  juice  and  not  that  removed  is 
regarded  as  determining  the  usefulness  of  the  decolorizing 
agent,  since  the  color  remaining  will  appear  in  the  sugar  and 
molasses. 

Table  II — Colloids  in  Juices  after  Treatment 


Run 
No. 

1  KieselRuhr 

2  Kieselguhr 

3  Kieselguhr 

4  Kieselguhr 


Colloids 
G.  in  100  Cc. 
0.0226 
0.0318 
0.0371 
0.0333 


Colloids 
Carbon       G.  in  100  Cc. 

A  0.0111 

Kelpchar  0.0114 

B  0.0113 

C  0.0234 


Thus,  the  sugar  manufacturer  may  make  white  sugar  direct 
from  cane  juice,  or  he  may  make  brown  sugar  and  sell  to  the 

'  Louisiana  state  Agricultural  Experiment  station,  Bulletin  173  (1920). 


refineries,  there  to  be  redissolved,  bleached,  and  recrystallized. 
Refinery  practice  prescribes  most  commonly  the  use  of  bone- 
black  as  the  bleaching  agent.  Kelpchar  would  appear  to  be 
a  desirable  substitute.  The  foregoing  results,  from  a  long 
hst,  would  seem  to  establish  beyond  a  peradventure  the  ability 
of  kelpchar  to  decolorize  sugar  solutions.  Its  activity  has 
been  shown  to  be  about  twenty-five  times  that  of  bone-black. 
The  significance  of  this  fact  will  be  discussed  subsequently. 
Its  use  necessarily  following  that  prescribed  for  active  carbons, 
it  cannot  be  used  in  percolators  but  must  be  added  to  the 
solutions  and  filtered  out — a  simple  and  easily  standardized 
process. 

Sugar  refiners  desire  a  charcoal  that  will  remove  inorganic 
substances,  such  as  Ume  and  iron,  as  well  as  the  colored  organic 
compounds.  It  is  unquestionable  that  charcoals  do  adsorb 
inorganic  material,  even  of  low  molecular  weight,  although 
in  absolute  units  the  quantity  is  seldom  more  than  a  few 
milligrams  per  gram  of  charcoal.'  But  since  there  is  only 
a  small  percentage  of  inorganic  material  in  sugar  sirup,  it 
may  be  that  most  of  it  Ukewise  can  be  eliminated  by  kelpchar. 
No  data  are  available  for  proof,  but  it  is  only  reasonable  to 
suppose  that  the  greater  the  adsorptive  abOity  of  charcoal, 
the  greater  would  be  its  tendency  to  remove  the  inorganic 
impurities  by  adsorption.  The  impression  prevails  that 
bone-black  removes  a  large  portion  of  the  inorganic  salts 
present  in  sugar  solutions  purified  therewith,  but  records  of 
the  actual  tests  on  wiiich  this  behef  is  founded  seem  to  be 
lacking.  If  these  cannot  be  removed  sufficiently  by  direct 
adsorption,  they  might  possibly  be  converted  into  insoluble 
compounds  which  could  be  removed  by  filtration. 

CARAMEL — A  test  solution  of  sugar  was  employed  which 
had  been  colored  to  read  50.  The  percentage  color  removed 
was  read  as  the  percentage  of  decolorization.  Comparison 
was  made  between  kelpchar  and  two  of  the  best  known  im- 
ported carbons.  These  are  designated  as  "A"  and  "B." 
The  former  is  the  same  carbon  as  that  designated  by  the  same 
letter  in  the  tests  on  cane  sugar  recorded  above;  and,  likewise, 
in  tests  on  glucose  given  below."' 


Table  ni — Decolorization  of  Caramel  Solution 


Weight 
of 

Sample 


-Kelpchar 

Per  cent 
Color 


-Carbon  B- 


-Carbon    a-  . 

Per  cent  Per  cent 

saraple  uoior  Color  Color 

Gram      Reading  Removed    Reading      Removed      Reading     Removed 

0.25  11.0  78  16.5  67 

0.50  7.S  85  10.5 

0.75  5.5  89  8.0 

1.00  4.5  91  7.0 


79 
84 
86 


19.0 

11.0 

8.0 

7.0 


62 
78 
84 
86 


GLUCOSE — The  effects  of  various  amounts  of  kelpchar, 
carbons  A  and  B,  and  kieselguhr  were  determined  on  light 
glucose  liquor  as  it  came  from  the  press.  The  decolorizing 
agents  were  added  and  the  mixture  heated  for  one-half  hour 
on  the  steam  bath,  then  filtered,  and  the  colors  read  in  a  four- 
inch  cell  with  yellow  and  red  I-ovibond  glasses.  The  filtered 
samples  were  placed  on  ice  over  night  and  the  brilliancy  or 
haziness  noted.  The  original  liquor  tested  4  yellow  and  1 
red.  It  became  hazy  very  quickly.  All  solutions  treated 
with  kieselguhr  became  hazy. 

Table  IV — Decolorization  of  Light  Glucose  Liquors 

Per  cent  . Kelpchar .. Carbon  A . . Carbon  B ■ 

Material  Yellow  Red  Condition  Yellow  Red  Condition  Yellow  Red  Condition 

3.2 

1.2 


0.1 
0.2 
0.4 
0.6 
0.8 
1.0 


0.7 
0.4 
0.2 
0.2 


1.0  Hazy 
0.3  Brilliant 
0.1  Brilliant 
0.1  Brilliant 
0.1  Brilliant 
0  Brilliant 


0.27     0.7 
0.8       0.2 


0.7       0.1  Brilliant 


(Slightly 
hazy) 
Brilliant 


0.2    Brilliant 

0.1    Brilliant 

Brilliant 

Brilliant 

Brilliant 


0.1 

0.1 

0 


With  kelpchar  and  carbon  B  very  brilliant  liquors  were 
obtained  where  0.2  per  cent  or  more  decolorizing  material 
was  used.     Below  0.2  per  cent  the  liquor  became  hazy  on 

•  Osaka,  Mem.  Coll.  Sci.  Kyoto,  1  (1915),  2.57. 

">  This  test  and  the  following  one  on  glucose  were  made  in  the  Edgewater 
plant  of  the  Corn  Products  Refining  Co..  and  the  results  were  submitted 
through  the  courtesy  of  Dr.  C.  E.  G.  Porst. 
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chilling.  Although  in  this  case  the  only  experiment  per- 
formed was  with  0.1  per  cent  kelpchar,  hazy  liquors  were 
also  formerly  obtained  when  0.1  per  cent  carbon  B  was  used, 
whereas  with  0.2  per  cent  carbon  B  the  light  liquor  from  the 
presses  remained  brilliant  for  several  days.  These  experi- 
ments confirm  the  conclusion  tliat  0.2  per  cent  activated 
carbons  produce  permanently  brilliant  glucose  liquor.  Below 
this  amount,  liquors  do  not  remain  brilUant.  Kieselguhr, 
even  up  to  1  per  cent,  gave  hazy  liquors,  and  had  but  little 
effect  on  clarifying  the  liquors. 

MALT  SIRUP — The  high  prices  obtainable  for  sugar  and 
sugar  substitutes  which  coincided  with  the  inauguration  of 
national  prohiliition  had  as  a  result  the  stimulation  of  interest 
in  the  manufacture  of  malt  sirup  as  a  product  to  which  brew- 
eries and  distilleries  could  be  applied.  Malt  sirup  is  naturally 
yellow  or  brown  in  color,  due  to  the  presence  of  such  sub- 
stances as  chlorophyll,  polyphenols,  iron  and  caramel,  and 
it  finds  a  more  ready  acceptance  and  a  less  restricted  use 
if  decolorized.  Its  bleaching  proved  a  more  difficult  matter 
than  that  of  cane  sugar.  Quantities  of  kelpchar  sufficient 
to  bleach  to  absolute  colorlessness  a  solution  of  cane  molasses 
of  an  equal  intensity  of  color  still  left  perceptible  yellows  in 
the  solutions  of  malt  sirup.  In  addition,  colloidal  materials, 
some  of  them  of  the  nature  of  peptones  and  albumens,  which 
slowly  precipitated  and  caused  a  reversion  to  haziness,  were 
likewise  removable  by  kelpchar. 

In  testing  the  activity  of  kelpchar  as  a  bleaching  agent 
for  malt  sirup,  the  following  method  has  been  recommended: 

To  1  kg.  of  sirup  add  2200  cc.  water.  After  thorough 
mixing  the  Brix  reading  should  be  25°  (sp.  gr.  1.106  at  17.5° 
C),  a  variation  of  1°  either  way  being  allowable.  To  a 
liter  of  this  solution  20  g.  of  the  carbon  to  be  tested  are  added, 
and  the  whole  placed  on  a  water  bath  where  it  is  brought  to 
a  temperature  of  90°  C.  and  permitted  to  remain  thereat  for 
20  min.  It  is  filtered  through  double  filter  papers,  the  filtrate 
being  returned  if  not  clear.  The  filtrate  is  then  compared 
colorimetricaUy  with  the  original  solution,  with  a  Schreiner 
or  other  colorimeter.  The  color  should  be  reduced  to  95  per 
cent  of  its  original  intensity.  The  volumes  may  be  varied 
to  suit  the  convenience  of  the  operator. 

For  malt  sirup  a  certain  latitude  in  characteristics  of  the 
carbon  is  allowable.  Thus  water-soluble  sulfates  and  chlo- 
rides of  the  alkalies  and  alkaline  earths  are  permissible  to  the 
extent  of  1  per  cent,  and  free  hydrochloric  or  sulfuric  acid 
to  the  extent  of  0.2  per  cent.  The  carbon  must  be  acid  or 
neutral. 

CITRIC  ACID — In  the  manufacture  of  citric  acid  from 
lemons,  the  product  is  colored  even  after  the  acid  has  been 
precipitated  as  calcium  citrate  from  the  original  juice  and 
filtered,  and  the  acid  liberated  again  with  sulfuric  acid.  Suffi- 
cient coloring  matter  is  carried  through  the  process  to  leave 
the  solution  dark  brown  and  to  require  bleaching.  The 
coloring  matter  here  present  is  for  the  most  part  of  the  sort 
that  can  be  adsorbed  with  carbons.  However,  in  most  cases 
enough  iron  salts  are  taken  up  during  the  process  of  manu- 
facture to  impart  a  distinct  coloration  on  its  own  account. 
The  ferric  ion  is  not  readily  adsorbed  from  such  solutions  and 
it  is,  therefore,  precipitated  as  the  ferrocyanide.  For  the 
removal  of  the  other  coloring  matter  kelpchar  is  ideal,  its 
efficacy  having  been  established  by  laboratory  and  plant 
tests,  and  likewise  by  its  application  over  a  considerable 
period  of  time  as  the  adopted  plant  reagent  of  a  large  citric 
acid  manufactory. 

The  requirements  of  a  carbon  for  the  decolorization  of 
citric  acid  are  rigorous.  Since  an  acid  is  sought  of  the  purity 
prescribed  by  the  U.  S.  P.,  it  is  essential  that  no  impurity  be 
taken  up  from  the  carbon.  Therefore,  the  carbon  must 
contain  no  alkalies,  magnesium  salts,  or  other  soluble  ash 


constituents.  It  must  be  free  from  hydrochloric  acid  and 
must  not  contain  more  than  a  trace  of  sulfuric  acid.  A  small 
amount  of  calcium  sulfate  is  allowable,  but  traces  of  iron  or 
other  things  which  will  impart  color  are  prohibited.  There 
are  few  applications  of  carbons  where  more  strict  require- 
ments are  to  be  met. 

OILS — Click"  has  studied  the  action  of  different  charcoals 
on  a  number  of  vegetable  oils  and  finds  that,  with  the  ex- 
ception of  coconut  oU,  a  mixture  of  fuUer's  earth  and  char- 
coal is  more  effective  than  fuller's  earth  alone.  Charcoal 
alone  is  better  on  coconut  oU. 

The  application  of  kelpchar  to  the  purification  of  oils  is 
a  field  in  which  but  little  work  has  been  done,  but  the  results 
obtained  already  indicate  a  potentially  wide  usefulness  for 
this  reagent  in  the  oil  industries.  The  mobility  of  the  liquid 
to  which  the  carbon  is  applied  being  a  factor  in  the  rate  of 
reaction,  the  more  viscous  oils  are  the  more  difficult  to  bleach. 
Thus,  the  results  obtained  with  oils  are  apt  to  be  disappoint- 
ing when  compared  with  those  obtained  with  aqueous  solu- 
tions. It  is  only  when  the  various  decolorizing  agents  for 
oils  are  compared  that  the  value  of  kelpchar  is  shown.  How- 
ever, it  has  been  shown  to  effect  a  marked  improvement  in 
some  classes  of  mineral  oils  where  it  both  lightens  the  color 
and  increases  the  brilliancy,  and  a  moderate  application  to 
specimens  of  yellow  gasoline  and  distUlate  rendered  them 
entirely  colorless. 

DTE  INTERMEDIATES — Starting  with  the  purest  of  chem- 
icals and  with  elaborate  control  of  the  reactions  in  preparing 
an  intermediate,  it  is  seldom  possible  to  prevent  entirely  the 
formation  of  tars.  Consequently  the  intermediates  must  be 
purified.  The  final  purification  is  usually  by  distillation  or 
recrystallization,  but  these  methods  are  not  always  as  effective 
as  desired.  Adsorbents  such  as  bone  charcoal  and  fuller's 
earth  have  been  used  to  some  extent  to  remove  the  tars,  but 
their  low  activity  has  prevented  their  wide  application.  On 
the  other  hand,  kelpchar  because  of  its  great  activity  has 
been  found  to  be  highly  efficacious  in  this  respect. 

A  quantity  of  impure  aniline,  for  example,  which  showed 
a  pronounced  orange-red  color  was  heated  to  the  boihng 
point  with  2  per  cent  by  weight  of  kelpchar  and  immediately 
filtered.  This  eliminated  the  orange  tint.  The  purified 
aniline  was  diazotized  and  coupled  with  /3-naphthol,  and 
the  product  filtered  and  dried.  It  was  decidedly  more  bril- 
liant and  of  a  purer  shade  of  red  than  the  same  pigment  made 
from  the  unpurified  arufine.  A  further  improvement  was 
obtained  when  the  (3-naphthol  solution  (in  sodium  carbonate) 
was  likewise  purified  by  treating  with  kelpchar.  Also,  crude 
o-toluidine,  xylidine,  and  p-nitroanOine'^  were  purified,  the 
former  two  by  the  method  applied  to  aniline.  In  the  puri- 
fication of  p-nitroaniline,  100  g.  of  the  material  were  dissolved 
in  hot  30  per  cent  H2SO4,  2  g.  of  kelpchar  added,  and  the 
mixture  filtered.  The  filtrate  was  added  to  a  large  volume 
of  water,  and  the  precipitated  p-nitroaniline  filtered  off  and 
dried.  The  appearance  of  the  product  was  greatly  improved, 
and  when  coupled  with  ^-naphthol  it  gave  a  product  that 
was  far  more  brilliant  than  that  produced  by  a  similar  pro- 
cess of  purification  without  the  use  of  kelpchar. 

PRECIPITATION  OF  METALS — That  cliarcoal  precipitates 
gold  from  solutions  of  its  haloid  salts  has  long  been  known," 
and  commercial  application  was  made  of  this  principle  at 
some  plants  formerly  using  the  chlorine  process  for  extracting 
gold  from  its  ores.'*  Since  1888  chlorination  has  been  gradually 
displaced  by  the  cyanide  process,  in  which  gold  is  dissolved 
from  ore  as  potassium  or  sodium  aurocyanide  KAu(CN)j. 

"  Collon  Oil  Press,  4  (1921),  No.  10,  41. 

'•  Contributed  throush  the  courtesy  of  E.  I.  du  Pont  dc  Ncmoura  &  Co. 
'•  Wm.  Henry,  "An  Kpitome  of  Chemistry,"  London,  1801,  O.'j;  Weffcn, 
Ann.,  6S  (1845),  241;  89  (1840),  354. 

'<  Sir  T.  K.  Rose,  "Metallurgy  of  Gold,"  Otii  Kd.    1919,  310. 
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On  the  large  scale  this  gold  is  usually  recovered  from  the 
highly  dUute  solution  (commonly  from  one  to  ten  parts  gold 
per  million)  by  metallic  zinc  in  the  form  of  shavings  or  dust, 
but  charcoal  has  been  employed  to  some  extent  as  a  pre- 
cipitant in  Australia  and  New  Zealand. '' 

The  comparison  of  kelpchar  with  other  charcoals  and  with 
zinc  dust  as  a  precipitant  of  gold  from  cyanide  solutions  was 
made  by  Dr.  W.  J.  Sharwood  of  the  Homestake  Mining  Co., 
Lead,  S.  D.,  through  whose  courtesy  the  following  statement 
of  results  has  been  made  possible.'^ 


Table  V- 


-Precipitation  of  Gold  prom  Cyanide  Solution  by  Charcoals 
AND  Zinc  Dust 


Grams 
to  300  Cc. 


Percentage  Pptd. 
of  Original  Gold 

None 

None 

95.0 

90.7 


0.3 
0.3 
0.3 
0.3 

0.3 
0.3 
0.3 
0.3 
0.1 
0.03 


Precipitant 
Graphite,  powdered 
Old  pine  charcoal,  100-mesh 
Reheated  pine  charcoal,  100-mesh 
Peach-pit  charcoal,  100-mesh 
Kelp  charcoal  sifted  through  100-mesh. 

coarse  rejected  70.0 

Old  pine  charcoal.  100-mesh  None 

Reheated  pine  charcoal,  100-mesh  85 . 8 

Peach-pit  charcoal,  100-mesh  80 . 3 

Kelp  charcoal,  unsifted,  only  5-min.  contact, 

preliminary  test  40.3 

Kelp  charcoal,  100-mesh  53.7 

Kelp  charcoal,  100-mesh  55 . 2 

Kelp  charcoal, reheated,  100-mesh  84.9 

Special  zinc  dust,  3n0-mesh  73.0 

Special  zinc  dust,  300-mesh  38.1 

Special  zinc  dust,  300-mesh  5.0 


It  may  be  of  interest  to  note  here  that  similar  zinc  dust, 
when  used  on  a  very  large  scale  in  still  smaller  proportions 
than  in  the  last  test,  0.004  to  0.005  per  cent  of  the  weight  of 
solution  carrying  $4.00  to  $6.00  gold  per  ton  (7  to  10  parts 
gold  per  million),  the  zinc  being  added  at  the  moment  of 
pumping  to  a  filter  press,  regularly  precipitates  99.8  per  cent 
of  the  gold  contents.  Comparing  this  with  the  above  results 
makes  it  seem  probable  that  kelpchar,  if  applied  under  favor- 
able conditions,  might  show  a  greater  efficiency  as  a  gold 
precipitant  than  these  small-scale  tests  indicate. 

These  tests  were  made  on  a  cyanide  mill  solution  whose 
gold  value  was  about  $4.20  per  ton.  Agitation  was  effected 
by  shaking  for  exactly  10  min.  in  a  mechanical  shaker  with 
a  horizontal  tlirow  of  2  in.  and  at  a  speed  of  240  r.  p.  m.  The 
solution  was  contained  in  bottles  of  360-cc.  capacity.  After 
shaking,  it  was  filtered  only  once. 

QuaUtatively,  kelpchar  likewise  precipitates  gold  rapidly 
from  haloid  solutions. 

Seemingly,  what  is  being  dealt  with  in  these  experiments 
is  not  activity  of  decolorizing  carbons  as  that  term  is  under- 
stood in  the  other  parts  of  this  paper.  Since  charcoals  of 
no  recognized  ability  as  decolorizing  carbons  are  more  effi- 
cient precipitants  for  gold  than  kelpchar,  it  is  obvious  that 
the  function  here  recorded  is  of  a  different  order  from  that 
to  which  kelpchar  owes  its  value. 

OTHER  APPLICATIONS — The  efficacy  of  kelpchar  has  been 
demonstrated  in  the  bleaching  of  lactic  acid ;  \dnegar;  molasses 
for  the  growing  of  white  yeast;  glycerol;  grape,  and  other 
fruit  juices,  and  fruit  sirups  and  concentrates;  honey;  potas- 
sium tartrate  and  tartaric  acid;  phosphoric  acid;  photo- 
graphic chemicals;  alkaloids;  and  pharmaceuticals. 

The  proposed  applications  for  kelpchar  are  numerous  and 
are  promising  of  usefulness.  The  stability  of  explosives 
could  probably  be  enhanced  through  the  removal  by  kelp- 
char of  those  impurities,  such  as  the  highly  nitrated  phenolic 
compounds  in  TNT"  which  contribute  to  instability.  The 
relationship  between  adsorption  and  surface  phenomena 
suggests  the  use  of  kelpchar  as  a  contact  or  catalytic  agent 

»  W.  D.  Johnston,  U.  S.  Patent  522,260  (1894) ;  W.  H.  Gaze,  "Practical 
Cyanide  Operations,"  London,  1898,  13  and  121;  Chem.  Eng.  Min.  Rev., 
10  (1917),  48;  Chem.  Met.  Eng.,  18  (1918),  642. 

'•  See  also  Clark  &  Sharwood,  J.  Chem  Met.  Soc.  S.  .Africa,  10  (1910), 
234. 

"  Weiss,  This  Journal,  10  (1918),  1028. 


to  induce  desired  reactions."  The  catalytic  action  of  active 
carbons  in  reactions  between  gases  is  illustrated  by  their 
use  in  the  formation  of  carbon  tetrachloride  from  chlorine 
and  natural  gas.  It  should  prove  of  value  in  promoting 
reactions  in  both  gaseous  and  liquid  media.  The  adsorption 
of  bacteria  from  solutions  with  active  carbons  should  be  a 
simple  matter  and  more  nearly  quantitative  with  a  carbon 
of  the  activity  of  kelpchar.  Likewise  the  results  obtained 
from  the  internal  application  of  charcoal  to  correct  digestive 
disorders  should  be  much  more  pronounced  where  active 
carbons  of  the  order  of  kelpchar  are  used.  Its  application 
in  the  field  of  gas-absorbing  charcoals  is  now  under  investi- 
gation. 

Reactivation  of  Kelpchar 

The  restoration  of  the  decolorizing  power  of  kelpchar  has 
been  effected  satisfactorily  by  the  established  methods  of 
reactivating  carbons,  and,  in  addition,  new  and  original 
processes  of  accompUshing  that  purpose  have  been  developed. 

Numerous  processes  have  been  described  and  patents 
granted  for  reactivating  spent  carbons,  but  the  principles  in- 
volved are  few.  What  is  desired  essentially  is  the  removal  of 
the  coloring  matter  and  other  impurities  which  have  satu- 
rated the  adsorptive  capacity  of  the  carbons.  Their  removal  is 
accomplished  by  heating  the  carbon  to  a  temperature  which 
effects  their  volatilization,  or,  more  commonly,  their  de- 
structive distillation  and  possibly  the  simultaneous  activation 
of  any  residual  carbon  remaining  after  their  distOlation. 
Or,  where  the  chemical  nature  of  the  adsorbed  impurities  is 
understood,  the  carbon  may  be  treated  with  some  reagent 
which  will  enter  into  combination  with  the  impurities  to 
form  compounds  more  soluble,  so  that  they  can  be  washed 
out  without  a  change  of  medium.  Or,  they  may  be  oxidized 
by  the  application  of  an  oxidizing  agent  of  the  nature  of  ehro- 
mate  or  permanganate.  This  likewise  presupposes  an  under- 
standing of  the  nature  of  the  compounds  to  be  removed. 

The  reactivation  of  vegetable  carbons  by  heating  naturally 
suggests  itself,  since  that  is  the  conventional  method  of  re- 
activating bone-black.  The  bone-black  is  washed,  dried, 
and  fed  by  gravity  through  vertical  retorts.  The  granular 
nature  of  the  material  and  its  relatively  high  density  makes 
this  possible.  The  high  percentage  of  ash,  also,  reduces  the 
tendency  to  oxidation  and  consequent  loss.  Vertical  retorts 
have  not  been  found  to  be  whoUy  appUcable  to  the  reactiva- 
tion of  vegetable  carbons,  however,  since  they  are  pulverulent 
and  of  low  density  and  do  not  readily  flow  through  a  vertical 
retort  of  the  diameter  required  for  efficient  heating.  Hor- 
izontal retorts  and  mechanical  convej-ing,  accordingly,  have 
been  adopted. 

The  disadvantages  of  this  method  of  reactivation  are 
pronounced.  The  carbon  must  be  dried,  and  to  transport 
the  carbon  from  the  filter,  where  separated,  and  prepare  it 
for  re-burning  requires  considerable  manipulation  and  time. 
The  retorts  are  expensive  to  construct  and  to  operate.  Being 
made  of  cast  iron  and  being  maintained  at  the  temperature 
required  for  reactivation  (a  red  heat),  they  are  easOy  damaged 
and  readily  deteriorate.  It  is  difficult  to  prevent  the  escape 
of  dust  and  the  consequent  disfigurement  of  the  plant.  The 
method  has  little  more  than  precedent  to  recommend  it. 
However,  the  cost  involved  where  active  carbons  are  being 
used,  while  per  unit  weight  no  greater,  per  unit  of  activity 
is  vastly  less.  If  such  an  expense  for  reactivation  is  allowable 
where  bone-black  is  the  reagent  used,  it  is  relatively  insignifi- 
cant where  active  carbons  are  employed. 

The  following  method  has  been  apphed  to  the  reactivation 
of  kelpchar  with  entire  success:  First,  on  the  laboratory 
scale,  kelpchar  was  saturated  with  the  impurities  contained 
in  cane  molasses,  and  was  then  washed,  dried,  and  retorted 

"  This  Journal,  11  (1919).  639. 
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at  800°  C.  It  was  then  cooled,  washed  with  dilute  hydro- 
cliloric  acid  and  then  with  water,  and  dried.  Its  activity 
had  been  completely  restored.  Subsequently,  users  of  kelp- 
char  reported  that  they  had  repeatedly  reactivated  it  by 
this  method  in  an  entirely  satisfactory  manner. 

WET  METHODS — The  better  known  of  the  wet  methods  of 
reactivation  is  the  one  prescribing  the  use  of  a  caustic  wash. 
Lime,  caustic  soda,  and  soda  ash  are  the  alkalies  recom- 
.  mended.  Where  these  unite  with  the  coloring  matter  ad- 
sorbed on  the  carbon  to  form  compounds  much  more  soluble 
than  the  coloring  matter  uncombined,  their  use  is  efficacious. 
Thus,  in  the  bleaching  of  sugar,  the  coloring  matter  is  made 
up  principally  of  phenolic  compounds,  which  form  highly 
soluble  salts  with  caustic  soda,  and  these  salts  are  easily 
washed  off  with  water.  Similarly,  basic  pigments  are  re- 
movable with  an  acid  wash.  The  principle  is  applicable  where 
the  chemical  nature  of  the  pigment  is  known.  While  this 
method  is  applied  commercially  to  only  a  limited  extent,  it 
offers  some  distinct  advantages  in  the  saving  of  the  cost, 
maintenance  and  operation  of  retorts,  loss  of  carbon  through 
combustion,  and  the  elimination  of  dust.  In  the  proposed 
automatic  and  countercurrent  application  of  kelpchar,"  the 
apparatus  for  the  reactivation  of  the  carbon  would  be  similar 
in  principle  and  possibly  in  design  to  that  used  in  its  apphcation 
as  a  bleacliing  agent,  and  could  easily  be  a  continuation  of  it. 
The  costs  involved  for  caustic,  acid,  and  water,  and  for  operat- 
ing the  apparatus,  would  not  be  excessive.  It  has  much  to 
recommend  its  further  study  and  application. 

Kelpchar' has  been  reactivated  as  follows:  A  portion  of 
the  material  which  had  been  saturated  with  the  coloring 
matter  adsorbed  from  cane  molasses  was  washed  with  a  dilute 
solution  of  caustic  soda.  After  washing  to  remove  the  excess 
of  caustic,  and  treating  with  hydrochloric  acid  and  then  with 
water  to  restore  neutrality,  the  carbon  was  dried.  It  was 
found  to  have  regained  entirely  its  original  activity. 

CHEMICAL,  METHODS — The  strictly  chemical  methods  of 
reactivation  offer  a  wide  field  for  research.  It  remains  only 
to  determine  the  chemical  identity  of  the  compounds  satu- 
rating the  spent  carbon,  whereupon  reagents  which  will  oxidize 
or  reduce  or  otherwise  alter  or  destroy  them  or  render  them 
soluble  can  be  discovered  and  applied.  They  can  be  applied 
countercurrentwise  so  as  to  insure  their  efficient  use,  and 
their  application  can  be  made  entirely  automatic. 

The  electrolysis  of  an  acid,  alkaline,  or  neutral  salt  solution 
either  in  anode  or  cathode  compartment,  or  without  dia- 
phragm, carrying  a  suspension  of  the  kelpchar  would  result 
in  the  liberation  of  electrolytic  products  of  a  nature  to  oxidize 
or  reduce  the  materials  to  be  removed  from  the  carbon.  In 
addition,  there  would  be  the  tendency  of  the  coloring  matter 
to  migrate  under  the  influence  of  the  electric  current  away 
from  the  carbon. 

Little  work,  also,  has  been  reported  on  methods  involving 
a  change  in  medium.  Compounds  of  sufficiently  low  solu- 
bility to  admit  of  their  being  adsorbed  from  water  solution 
might  be  so  soluble  in  some  other  medium,  such  as  alcohol, 
solvent  naphtha,  or  benzene,  as  to  make  possible  their  re- 
moval by  washing  with  such  a  liquid.  The  destruction  and 
removal  of  the  organic  matter  on  the  carbon  by  fermentation 
has  been  suggested  and  shown  to  be  applicable,^"  but  is  re- 
stricted to  those  compounds  that  are  fermentable. 

In  short,  while  the  best  known  method  of  reactivating 
kelpchar  in  particular  and  decolorizing  carbons  in  general, 
the  retort  method,  is  efficacious  and  economical  and  answers 
the  requirements  of  the  moment,  it  would  apjjcar  to  be  des- 
tined to  yield  to  more  exact  and  efficient  methods.  The 
potential  advantages  of  the  wet  methods  are  such  as  to  war- 
rant their  prompt  and  elaborate  study. 

"This  Journai,.  IS  (1921),  005. 

»  J.  Soe.  Chem.  Ind.,  16  (1903),  666. 


Important  Characteristics  of  a  Good  Decolorizing 
Carbon 

activity  or  adsorptive  capacity — By  the  activity  of  a 
carbon  is  meant  its  ability  to  remove  coloring  matter  or  other 
impurity  from  a  liquid.  The  greater  the  activity,  the  smaller 
the  amount  required  for  a  given  result.  The  greater  the 
activity,  other  things  being  equal,  the  greater  the  intrinsic 
value.  A  reduction  in  the  quantity  of  carbon  reduces  the 
floor  space  and  size  of  filters  required,  affording  a  saving  in  the 
initial  cost  of  buildings  and  apparatus,  decreases  the  operating 
costs  for  ffiter  cloths,  labor  and  repairs,  and  increases  output. 
With  a  very  slight  increase  in  the  amount  of  carbon  used, 
greater  decolorization  of  the  solution  may  be  had  which,  in 
the  case  of  a  crystalline  product,  means  less  washing  of  the 
crystals  on  the  centrifugals.  A  smaller  quantity  of  carbon 
means  a  smaller  loss  of  product  in  the  filter  cake,  and  a  smaller 
consumption  of  wash  water.  Only  a  small  amount  of  carbon 
has  to  be  handled  in  the  reactivation  apparatus,  there  being 
an  attendant  saving  in  both  installation  and  operation. 
Tliis  cost  being  so  much  per  pound,  it  should  be  inversely 
proportional  to  the  acti\'ity.  This  is  of  especial  importance, 
as  the  cost  of  reactivating  bone-black,  for  example,  repre- 
sents a  heavy  expense  in  the  aggregate. 

Since  adsorptive  capacity  is  certainly  the  most  important 
characteristic  of  a  decolorizing  carbon,  it  is  inevitable  that 
such  carbons  will  be  purchased  in  terms  of  their  activity,  at 
so  much  per  unit  of  activity.  The  procedure  in  use  in  the 
buying  of  potash  salts,  coal,  and  numberless  other  commod- 
ities purchased  on  the  basis  of  analysis  and  intrinsic  value 
has  not  been  estabhshed  in  the  purchase  of  carbons.  In 
arriving  at  a  price  which  he  is  willing  to  pay,  the  purchaser 
is  inclined  to  take  bone-black  as  the  standard,  but  considers 
the  unit  of  weight  rather  than  the  unit  of  activity.  At  pres- 
ent no  unit  of  activity  has  been  established,  but  this  only 
awaits  the  prosecution  of  some  greatly  needed  researches  to 
that  end.  When  it  is  established,  kelpchar,  which  on  analy- 
sis shows  an  activity  twenty-five  times  that  of  bone-black, 
will  bring  a  price  twenty-five  times  that  of  bone-black.  Fur- 
thermore, processes  of  manufacture  developed  for  kelpchar 
which  make  it  possible  to  produce  grades  of  greatly  increased 
activity  over  that  now  produced  wUl  be  put  into  practice, 
where  now  in  the  absence  of  a  fair  appreciation  of  higher 
degrees  of  activity  only  the  lower  grades  can  with  profit  be 
manufactured. 

SIZE  OF  PARTICLES— The  higher  degrees  of  activity  are 
obtainable  only  with  certain  degrees  of  fineness.  The  ideal 
of  a  carbon  coarse  enough  to  admit  of  percolation  and  possess- 
ing the  activity  of  kelpchar  does  not  seem  to  be  attainable. 
Adsorption  being  a  surface  phenomenon,  either  a  fine  state 
of  division  or  extreme  porosity  is  a  prerequisite. 

Assuming  the  same  degree  of  effective  activity,  the  coarser 
a  carbon  is,  the  better,  since  it  is  more  readily  filtered  from 
a  solution.  Filtration  is  more  rapid  and  a  heavier  filter  cake 
is  allowable  on  the  filters,  and  a  coarser  filter  medium  can  be 
used.  Conversely,  the  finer  a  carbon  is,  assuming  the  same 
shape  of  carbon  particle,  the  sooner  will  a  filter  become  clogged 
and  the  more  often  must  the  filtering  operation  be  inter- 
rupted. As  an  aid  to  filtration,  coarser  materials,  such  as 
kieselguhr,  are  sometimes  added  with  the  carbon.  But  the 
logical  way  to  overcome  the  difficulty  is  to  use  filters  which 
make  automatic  or  at  least  easy  the  frequent  breaking  and 
removal  of  the  filter  cake.  The  rotary  vacuum  and  the 
centrifugal  filters  in  many  applications  are  ideal  for  this 
purpose. 

The  degree  of  fineness  of  kelpchar  is  determined  largely 
by  the  method  of  manufacture.  While  fine,  it  is  remarkably 
free-filtering.  A  typical  specimen  on  analysis  showed  a 
physical  composition  such  that  9  per  cent  was  retained  on  a 
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20-mesh  sieve;  17.8  per  cent  on  a  40-mesh;  19  per  cent  on  a 
60-mesh;  5.5  per  cent  on  an  80-mesh;  5.4  per  cent  on  a  100- 
mesh;  44  per  cent  passing  the  last  named. 

With  the  development  of  the  art  it  might  prove  advanta- 
geous to  screen  to  uniform  sizes.  On  the  other  hand,  the 
presence  of  coarse  particles  assists  in  the  removal  of  the 
finer. 

SHAPE  OF  PARTICLE — Size  of  particle  is  not  the  sole  factor 
determining  filterability.  Much  depends  on  the  shape, 
since  the  rate  of  filtration  depends  on  the  maintenance  of 
open  interstices  between  the  particles,  yet  wide  differences 
in  filterabihty  are  noted  where  it  is  not  possible  to  observe 
under  the  microscope  a  difference  in  shape  of  particle  to  ac- 
count for  them. 

HARDNESS  OF  PARTICLES — While  it  is  hoped  that  a  carbon 
will  be  offered  the  trade  which  is  both  highly  active  and  at 
the  same  time  cheap  enough  to  warrant  its  being  thrown  away 
after  one  usage,  tlie  probabilities  are  that  the  cost  of  reactivat- 
ing will  always  be  less  than  that  of  manufacturing.  If  car- 
bons are  to  be  used  repeatedly,  unless  their  particles  are  hard 
they  will  break  down  under  repeated  handling  and  eventually 
be  objectionably  fine.  On  the  other  hand,  the  harder  the 
particle,  the  more  abrasive  the  carbon  is  and  the  shorter  will 
be  the  life  of  the  apparatus  used  in  handling  it.  The  latter 
is  the  more  serious  objection.  It  is  easier  to  design  apparatus 
which  will  handle  the  carbon  without  unduly  breaking  down 
the  particles  than  it  is  to  find  materials  of  construction  which 
wUl  withstand  abrasive  action.  Here  is  an  excellent  field 
for  engineering  research. 

ABSENCE  OF  SOLUBLE  IMPURITIES— Carbons  of  vegetable 
origin  contain  residues  of  the  inorganic  constituents  of  vege- 
table matter.  Thus,  there  may  be  expected  small  amounts 
of  calcium,  magnesium,  and  iron,  the  amount  depending  on 
the  process  of  manufacture.  The  calcium  may  be  expected 
in  the  form  of  sulfate  since  in  this  form  it  is  the  more  difficult 
to  remove.  The  presence  of  sulfates  leads  to  the  formation 
of  sulfides  and  free  sulfur  through  their  reduction.  Since 
the  preparation  of  carbon  from  activated  charcoal  consists 
essentially  in  the  removal  of  these  impurities  with  both  acid 
and  water,  the  amount  in  wliich  they  are  present  depends  on 
the  thoroughness  with  which  it  has  been  refined.  Small 
amounts  of  free  acid  may  Ukewise  remain. 

Insoluble  impurities  are  objectionable  only  as  diluents. 
The  soluble  ones  are  objectionable  in  the  product  if  they  inter- 
fere with  subsequent  crystallization,  as  may  calcium  sulfate; 
or,  if  they  add  color,  as  may  iron  compounds;  or,  if  they  add 
unduly  to  the  impiu-ity  of  the  product,  as  all  of  them  may. 
Free  sulfur  may  be  taken  up  by  oils  and  their  color, 
taste,  and  odor  altered.  The  ease  with  which  sulfur  may  be 
removed  from  carbons  leaves  no  justification  for  its  presence. 
Free  acid  acts  on  certain  coloring  matter  possessing  the 
characteristics  of  indicators,  changing  their  color  and  in 
cases  affording  a  false  bleaching  action.  The  presence  of 
an  excess  of  acid  in  carbons  applied  to  sugar  may  induce 
inversion.  On  the  other  hand,  the  presence  of  acid  may 
depress  the  solubility  of  the  impurity  to  be  removed,  and 
thus  be  of  material  aid.  Where  it  increases  this  solubility 
it  is  correspondingly  objectionable. 

Summary 

A  simplified  method  of  testing  decolorizing  carbons  has 
been  given. 

Results  are  reported  of  laboratory  and  plant-scale  tests  of 
kelpchar  used  as  a  decolorizing  agent  apphed  to  numerous 
materials  and  new  uses  are  suggested. 

Methods  of  reactivating  spent  carbons  are  discussed. 

The  important  characteristics  of  decolorizing  carbons  are 
detailed. 


Determination  of  Monobromated 

C1_  1,2,3 

amphor 

By  Elgar  O.  Eaton 
Bureau  of  Chemistry,  Washington,  D.  C. 

The  need  of  quantitative  method  for  determining  mono- 
bromated camphor  arose  some  time  ago  in  connection  with 
the  analysis  of  tablets,  prior  to  the  appearance  of  Emery's 
procedure  for  the  estimation  of  this  substance  in  migraine 
tablets.*  The  literature  available  in  this  laboratory  hav- 
ing failed  to  disclose  any  finished  method  directly  suited  to 
the  problem,  attention  was  directed  to  a  statement  made  in 
Schmidt's  "Pharmaceutische  Chemie,"^  to  the  effect  that 
silver  oxide  decomposes  monobromated  camphor  in  the  pres- 
ence jof  chloroform  into  silver  bromide  and  other  products. 
Some  preliminary  experiments  showed  that  the  mixture 
resulting  from  the  addition  of  0.5  N  alcoholic  potassium 
hydroxide  to  alcoholic  silver  nitrate,  and  containing  among 
other  things  silver  oxide,  constitutes  an  ideal  solvent  for 
monobromated  camphor,  and  hence  a  more  rational  medium 
in  which  to  bring  about  the  desired  reaction,  since  it  elim- 
inates the  possibility  of  chloride  formation,  as  would  be  the 
case  if  chloroform  were  used. 

Method 

To  an  amount  of  the  uniformly  powdered  sample  equiv- 
alent to  about  0.2  g.  of  monobromated  camphor,  accurately 
weighed  into  a  small  beaker,  add  25  cc.  alcohql,  warm  on 
the  steam  bath,  filter  into  a  flask,  wash  both  beaker  and  filter 
with  warm  alcohol  until  aU  the  camphor  derivative  is  re- 
moved, add  50  cc.  0.5  N  alcoholic  potassium  hydroxide, 
foUow  with  25  cc.  of  alcoholic  silver  nitrate  (0.2  g.  in  50  cc. 
alcohol),  connect  with  a  ground-on  reflux  after  the  addition 
of  a  few  glass  beads,  and  boil  gently  1.5  hrs.,  adding  at  inter- 
vals through  the  condenser  the  remainder  (25  cc.)  of  the  al- 
coholic silver  nitrate.  Cool,  disconnect,  and  transfer  con- 
tents to  a  large  porcelain  evaporating  dish.  Dilute  with  water 
to  200  cc.  and  decant  into  a  beaker,  washing  the  precipitate 
with  water  by  decantation.  Boil  the  aqueous-alcohoUc  solu- 
tion 5  min.  with  1  g.  of  zinc  dust  in  order  to  clarify  it,  filter 
into  another  beaker,  washing  thoroughly  with  water,  and 
add  dilute  nitric  acid  to  decided  acidity  and  aqueous  silver 
nitrate  to  complete  precipitation.  Determine  bromides  by 
the  usual  gravimetric  method.  (Factor  for  monobromated 
camphor  =  1.23.) 

The  special  apparatus  consists  of  a  250-cc.  flask  with 
ground-on  condenser.  This  is  not  imperative  but  if  available 
should  be  used. 

Results 

The  following  results  were  obtained  with  this  procedure: 

Sample  Per  cent 

Commercial  monobromated  camphor.  . . .  98.4,  95.8,  96.9,  99.9 

Uncoated  tablet,  labeled  3  grs 2.77,  2.77,  2.82 

Sugar-coated  tablet,  labeled  5  grs 4.71,  4.78 

It  was  found  that  the  addition  of  more  water  lowered  the 
results,  and  that  it  was  advantageous  to  add  the  alcoholic 
silver  nitrate  in  several  portions  through  the  condenser  to 
the  hot  alcohoUc  potash  solution  rather  than  to  apply  all 
the  silver  salt  at  one  time.  It  is  possible  that,  after  the  silver 
oxide  becomes  agglutinated,  the  catalytic  action,  to  which  the 
reaction  appears  to  be  due,  is  at  an  end.  It  was  further 
shown  that  potassium  bromide  is  formed  and  not  silver 
bromide,  also  that  no  bromate  is  produced. 

'  Received  July  13,   1921. 

'  Published  by  permission  of  the  Secretary  of  Agriculture. 
>  This  article  has  been  reviewed  by  Dr.  W.  O.  Emery  prior  to    pub- 
lication. 

•This  Journal,  11  (1919),  756. 
•II,  Vol.  2  (1911),  1393. 
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Reactions  of  Accelerators   during   Vulcanization.      IV — Mechanism   of  the 

Action  of  Zinc  Compounds' 


By  C.  W.  Bedford  and  L.  B.  Sebrell 

RsssARCH  Laboratories,  Goodyear  Tirb  &  Rubber  Co.,  Akron,  Ohio 


In  the  preceding  paper  of  this  series''  the  mechanism  of 
vulcanization  was  not  discussed.  The  object  of  the  present 
paper  is  to  present  additional  data  and  to  consider  the 
mechanism  of  action  of  these  curing  agents. 

Five  days  subsequent  to  the  reading  of  our  last  paper 
Bruni  and  Romani  read  a  paper^  before  the  International 
Rubber  Conference  in  which  the  experimental  data  corrob- 
orate and  duplicate  our  work.  It  is  worthy  of  comment  that 
two  sets  of  workers  on  "opposite  sides  of  the  globe  should  so 
accurately  parallel  each  other.  This  parallelism  also  extends 
to  the  two  papers,^  one  by  Bruni  and  one  by  Romani,  which 
were  recently  abstracted  bj^  Schidrowitz.^  While  we  gladly 
acknowledge  the  work  of  Bruni  as  independent,  we  feel  that 
a  few  further  remarks  are  necessary. 

Bruni  questions  our  knowledge  of  mercaptobenzotluazole 
as  a  sulfur  reaction  product  of  thiocarbanilide.  We  have 
been  working  on  tliis  as  well  as  on  many  other  sulfur  reac- 
tions for  over  six  years,  and  it  was  through  the  isolation  of 
mercaptobenzothiazole  from  the  sulfur  reaction  product 
of  tliiocarbanilide  that  we  first  became  acquainted  with  the 
thiazolemercaptans,  their  disulfides,  polysulfides,  and  zinc 
salts.  These  were  mentioned  in  our  last  paper  as  being 
excellent  accelerators,  some  of  them  at  ordinary  tempera- 
tures. We  also  mentioned  the  zinc  salt  of  ethyl  xanthate 
as  an  accelerator  free  from  nitrogen  and  were  not  at  that  time 
aware  that  it  had  been  previously  described  by  Ostromuis- 
lensky.  We  gladly  acknowledge  his  priority  as  pointed  out  by 
Bruni. 

Bruni  also  finds  that  mercaptobenzothiazole  is  formed  by 
heating  methylenediphenyldiamine  with  sulfur  and  has 
evidently  overlooked  our  earlier  paper^  wherein  we  stated 
that  the  first  reaction  product  of  this  diamine  is  thiocarbanil- 
ide. Since  this  is  true,  the  ultimate  reaction  product  should 
be  the  same.  We  verified  this  prior  to  January  6,  1917,  at 
which  time  we  applied  for  our  American  patents'  which  have 
recently  been  issued.  The  corresponding  British  patent' 
has  been  published  for  some  time.^ 

The  discovery  of  tetramethylthiuram  disulfide  as  an 
accelerator  and  curing  agent  is  also  claimed  by  Bruni.  This 
accelerator  has  been  on  the  market  in  this  country  for  about 
three  years  and  enjoyed  secret  commercial  use  for  several 
years  prior  to  public  sale.  The  availability  of  its  sulfur  for 
vulcanization  had  been  noted  by  us  and  by  several  other 
investigators,  although  Bruni  was  the  first  to  publish  the 
information. 

•  Presented  before  the  Division  of  Rubber  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 

«  This  Journal,  13  (1921),  1034. 

•  India-Rubber  J.,  62  (1921),  63. 

«  Ciorn.  Mm.  ind.  applicala,  3  (1921),  196. 
^India-Rubber  J.,  62  (1921),  89. 

•  Bedford  and  Scott,  This  Journai,,  12  (1920),  31. 

'  Bedford,  U.  S.  Patents  1,371,662  (1921);  1,371,663(1921);  1,371,664 
(1921). 

»  Brit.  Patent  139.857  (1919). 

'  In  regard  to  priority  on  the  subject  of  causing  accelerators  to  react 
with  sulfur  before  vulcanization,  we  may  say  further  that  Bruni  correctly 
cites  the  Peachey  patent,  Brit.  Patent  113,570  (1917),  as  prior  to  our  British' 
patent  of  1919.  Peachey  specifically  patented  the  sulfur  reaction  product 
of  /)-nitrosodimethylaniline  as  an  accelerator  and  filed  his  application  on 
August  23,  1917.  Our  first  American  patent  was  file<i  on  January  0.  1917, 
in  which  we  mentioned  the  sulfur  reaction  products  used  by  Peachey  (see 
page  3,  line  32,  U.  S.  P.  1,371,662).  Through  this  patent  we  claim  priority 
for  the  principle  of  causing  accelerators  to  react  with  sulfur  before  compound- 
ing with  rubber  and  specifically  for  the  sulfur  reaction  products  mentioned 
by  Peachey  and  by  Bruni. 


Mechanism  op  Acceleration 
The  experimental  data  published  by  Bruni  exactly  dupli- 
cate a  portion  of  our  work;  yet  we  find  that  we  materially 
differ  from  Iiim  as  to  the  theory  for  the  mechanism  of  the 
vulcanization  reactions.  We  seek,  therefore,  by  the  aid  of 
additional  data,  not  to  disprove  but  rather  to  qualify  and 
enlarge  upon  his  theories.  Applied  to  thiocarbanilide  the 
Bruni  mechanism  may  be  represented  by  the  following  equa- 
tions : 

Thiocarbamlide  +  heat  =  Phenyl  mustard  oil  +  aniline  (1) 

Phenyl  mustard  oil  +  sulfur  =  Mercaptobenzothiazole  (2) 

Mercaptobenzothiazole  +  ZnO  =  Zinc  mercaptide  -|-  HjO  (3) 
Zinc    mercaptide    -|-    sulfur    =  Mercaptobenzothiazole 

disulfide  +  ZnS  (4) 
Disulfide   +  heat  =  Monosulfide  -|-  sulfur  available  for 

vulcanization  (5) 

The  last  equation  represents  the  general  theory  which 
Bruni  applies  to  thiurams,  dioxdnthiogens  and  to  other 
accelerators  in  general.  The  proposed  mechanism  may 
therefore  be  represented  as  follows: 

Ra— C— SH 
R3=C— SH 


+  ZnO 


R3=C— S\ 
R3==C— S/ 


:Zn  -I-  H2O 


(6) 
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Zn+S 
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I 
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+  ZnS 
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;S     +      Active  Sulfur 
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R3=C-S 

I 
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The  theories  which  the  present  writers  have  proposed  in 
the  past  and  now  wish  to  amplify  are  somewhat  different. 
Using  zinc  as  a  representative  of  all  metals  which  function 
similarly,  we  have  three  variations  of  the  mechanism  of 
vulcanization  to  propose.  AU  of  them  are  based  on  our 
original  theory  of  polysulfides. 

1 — The  action  of  metallic  salts  of  mercaptans,  dithiocarbam- 
ates,  carbamates,  xanthates,  thioureas,  etc.,  is  represented  thus: 


R— S\ 

;Zn  +  2S^.. - 

-s/ 


R— Sa;\ 

yzn- 


^    S\  Active 

j^_s/2'i  + Sulfur 


R— S/  "  '  R— S;c 

2^The  action  of  inorganic  accelerators  such  as  zinc  o.xide, 
litharge,  lime,  etc.,  also  proceeds  through  polysulfides  in  absence 
of  organic  accelerators  which  produce  carbosulfhydryl  groups 
other  than  hydrogen  sulfide. 

ZnO  +  2H2S >■  Zn(SH)2  +  H2O 

y  Zn(SH)2  +  {y-l)S  — >■    HS— (Zn— S— S)„.,— ZnSH  + 
(>.- DHjS 

(— Zn— S— S— )y+   yS,_, >(ZnSi) >-  (ZnSs)^ 

Active 
or  (ZnS)y  +    g^^if^ 


A  differentiation  is  now  made  between  the  active  metallic  oxides 
or  hydrates  as  primary  or  as  secondary  accelerators.  Where 
they  form  mercaptides  or  metallic  persulfides  their  action  is 
that  of  a  primai-y  accelerator.  Where  they  speed  the  formation 
of  organic  sulfhydryl  groups  on  resins,  proteins,  or  added  accelera- 
tors by  removal  of  hydrogen  sulfide,  such  action  is  purely  secon- 
dary. In  practically  all  cases  both  actions  take  place  simul- 
taneously. There  is  only  one  class  of  organic  accelerators  which 
acts  lioth  as  primary  and  as  secondary'  accelerators.  We  reserve 
the  discussion  of  nilroso  accelerators  until  a  later  date 

3 — Organic  accelerators  iu  absence  of  secondary  accelerators 
function  as  follows: 

R— H  4-  S  — >■  R— SH 
2RSH  -I-  SI — >  R— S— S— R  +  HjS 
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R— S— S— R  +  Sx-2  — >■  R— Sx— R 
R— S»— R  — >  R— S— S— R  +  S^  +  Active  .Sulfur 

Prof.  Bruni's  mechanism  now  becomes  a  corollary  to  the  above 
equation. 

R— S— S— R  — >■  R— S— R  +  Active  Sulfur 

4 — Allowing  R  to  represent  either  hydrogen,  metal,  or  radical, 
the  entire  mechanism  of  vulcanization  with  accelerators  may  be 
summed  up  in  one  equation: 

R— Si— R >■  R— S— R  +  Active  Sulfur 

5 — Without  accelerators  we  have  vulcanization  by  the  "mother" 
of  all  polysulfides,  i.  e.,  by  thio-ozone  itself,  formed  from  sulfur 
dioxide  and  hydrogen  sulfide. 

Reactions  of  TETRAMETHTLTHitrRAM  Disulfide 

1 — Bruni"  finds  that]  this  tliiuram  (5  parts)  with  ZnO 
(5  parts)  will  vulcanize  rubber  (100  parts)  in  15  min.  at 
138°  C.  The  cure  will  also  take  place  under  the  same  con- 
ditions of  mix,  time,  and  temperature  in  the  absence  of  ziac; 
in  fact,  either  mix  will  cure  in  10  min.  We  find  the  same 
coefficient  of  vulcanization  in  10  min.  as  in  45  min.  The 
acetone -insoluble  sulfur  is  the  same  either  with  or  without 
the  zinc  oxide,  and  corresponds  very  closely  to  one  out  of  the 
four  sulfur  atoms  in  the  thiuram  disulfide.  Ether-hydro- 
chloric acid,  however,  removes  one-fourth  to  one-third  of 
the  combined  sulfur  from  the  zinc  stock,  showing  that  it  is 
present  as  zinc  sulfide.  Although  the  zinc  stock  has  the 
higher  modulus  usually  acquired  by  the  addition  of  ziac 
oxide,  the  chemical  cure  has  been  retarded  by  the  action 
of  the  oxide.  It  is  important  to  note  that  in  the  absence  of 
zinc  oxide  the  sulfur  which  is  theoretically  available  for 
vulcanization  is  all  acetone-insoluble  in  the  cured  product. 

2 — This  thiuram  wUl  not  vulcanize  a  rubber-sulfur  cement 
at  ordinary  temperatures  either  with  or  without  zinc  oxide. 
The  sulfur  of  the  thiuram  is  not  available  for  vulcanization 
at  low  temperatures  and  therefore  is  not  as  active  as  the 
forms  of  sulfur  produced  by  mercaptide  accelerators. 

3 — A  zinc  oxide  cement  containing  thiuram  disulfide  and 
sulfur  will  vulcanize  on  standing  over  night  if  treated  with 
a  small  amount  of  hydrogen  sulfide.  WeyP'  states  that  all 
disulfides,  whether  aliphatic  or  aromatic,  are  easily  reduced 
by  alcoholic  K2S  or  hydrogen  sulfide  to  mercaptans,  many  at 
ordinary  temperatures  and  more  easily  in  the  presence  of 
bases.    Free  sulfur  is  formed. 

R— S        H\  R— S— H 

I   -f-     ;s — >■  +  S 

R— S        H/  R— S— H 

The  action  of  hydrogen  sulfide  on  thiuram  disulfide  is  to 
reform  the  dithiocarbamate,  which  in  the  presence  of  zinc 
oxide  again  forms  the  zinc  salt.  This  is  a  rapid  vulcaniza- 
tion agent  at  ordinary  temperature. 

(CH3)2=N— C=S  (CH3)2=N— C— SH 


S 

I      +  >S 

S  H^ 


+  S 


(CHj)2=N— C=S 


(CH3)2=N— C— SH 


In  absence  of  zinc  oxide  no  cure  is  obtained  by  hydrogen 
sulfide  and  the  thiuram  disulfide. 

4 — Tliiuram  disulfide  La  acetone  at  ordinary  temperature 
reacts  with  hydrogen  sulfide  producing  a  cloudy  precipitate 
of  sulfur.  The  dimethyldithiocarbamic  acid,  thereby  pro- 
duced, reacts  further  with  hydrogen  sulfide  to  produce  methyl- 
ated ammonium  sulfides  or  trithiocarbamates  which  at  once 
redissolve  the  sulfur,  and  the  final  result  is  a  deep  red  poly- 
sulfide  solution.  Some  carbon  disulfide  is  set  free  by  these 
reactions. 

'»  Loc.  cil. 

'1  "Methoden  der  Organische  Chemie,"  p.  243. 


Me2=N— C— SH  +  HjS  - 
II 
S 

2  Me2=N— C— SH  +  HjS 
II 
S 

2Me2=N— C— SH  +  H2S 
II 
S 


H 

I 
Me2=N— SH  -1-  C& 

I 
H 

■  (Me2NH2)2S  +  2CSi 


MejNHi— S\ 
MezNHz— S/ 


;C=S  -1-  CS. 


The  methylated  ammonium  trithiocarbonate  or  sulfide  then 
forms  ammonium  poly.sulfide  with  the  free  sulfur.  Extra 
sulfur  results  in  a  deepening  of  the  red  color. 

Id  our  last  paper  we  referred  t-o  the  vulcanization  of  rubber 
by  Kratz  and  his  co-workers  by  the  use  of  ammonium  sulfide 
or  hydrosulfide  and  invoked  the  aid  of  oxygen  to  form  the 
disulfide  (mono-polysulfide)  since  no  free  sulfur  was  present. 
We  also  stated  that  free  sulfur  would  accomplish  the  same 
result.  These  investigators  therefore  deserve  priority  on  the 
vulcanization  of  rubber  by  disulfides  as  far  as  publication  Ls 
concerned."  The  heat  vulcanization  by  their  method  is 
the  same  as  for  thiuram  disulfides. 

NH4— SH  +  0  +  HS-NH,  — >■  NHi— S— S— NH<  +  H2O 
(S)  (H,S) 


NHi— S— S— NH4  — >■  NH,— S— NH*  ■ 

II 
S 


(NH4)jS  +  AcUve 
Sulfur 


In  the  second  paper  of  this  series,''  the  statement  was  made 
that  many  accelerators  such  as  hexamethylenetetramine, 
p-phenylenediamine,  and  aldehyde  ammonia  function  mainly 
as  means  for  compounding  ammonium  polysulfides,  which 
they  generate  by  reaction  with  sulfur  during  the  vulcaniza- 
tion process.  A  disulfide  is  simply  the  first  member  of  the 
series  of  polysulfides. 

5 — Thiuram  disulfide  heated  somewhat  above  its  melting 
point  turns  a  deep  red  in  color,  and  retains  this  color  on 
cooling.  The  writers  are  unable  to  give  the  exact  chemistry 
of  this  reaction,  but  know  that  some  dimethylamine  is  liber- 
ated and  that  the  red  liquid  is  a  polysulfide,  as  shown  by  the 
liberation  of  free  sulfur  by  acids.  Romani  gives  the  follow- 
ing equations: 

Me^N— C=S  MejN— C=S  MejN 

I  \  \ 

S  — >-  S  — >-  C=S  +  CS2  +  S 

I  heat  /  +  S  / 

S  MejN— C=S  MejN 

I 
MejN— C=S 

This  tetramethylthiourea  has  been  described  by  Grodski'* 
as  a  base  stronger  than  ammonia,  which  liberates  ammonia 
from  its  salts.  The  deep  red  solution  will  not  vulcanize  a 
zinc  oxide  cement  according  to  aU  of  our  present  tests. 

6 — Thiuram  disulfide  heated  in  aniline  also  gives  a  deep 
red  solution.  This  solution  will  set  a  zinc  oxide  cement 
within  24  hrs.  The  carbon  disulfide  which  forms  reacts  -mth 
aniline  to  produce  active  dithiocarbamates  of  zinc. 

7 — The  action  of  hydrogen  sulfide  on  thiuram  disulfide  in 
aniline  at  ordinary  temperature  produces  a  deep  red  solution. 
On  slight  heating,  hydrogen  sulfide  is  lost  and  the  color 
disappears  but  reappears  on  again  adding  the  gas.  If  heated 
higher,  dimethylamine  and  hydrogen  sulfide  are  lost  and  the 

15  We  wish  to  take  this  opportunity  to  call  attention  to  what  we  believe 
to  be  the  first  instance  of  the  use  of  accelerators.  Thomas  Rowley,  by  a 
British  patent  (No.  787)  in  1881,  announced  that  rubber  and  sulfur  would 
vulcanize  in  an  atmosphere  of  ammonia  under  pressure  with  less  sulfur  than 
is  ordinarily  required.  A  time  saving  was  claimed  with  a  product  less 
liable  to  subsequent  deterioration.  We  believe  that  this  work  antedates 
either  the  work  of  Spence  or  the  Bayer  Co.,  and  believe  that  our  Englisk 
brothers  may  therefore  claim  the  discovery  of  acceleration. 

"  Scott  and  Bedford,  Tins  Journal,  13  (1921),  125. 

i<B«-.,  14  (1S81),2754. 
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color  does  not  reappear  on  cooling  and  again  adding  the  gas. 
The  literature  is  rich  in  examples  of  the  replacement  of  one 
amine  by  another  in  thioureas  and  dithiocarbamates.  The 
stronger  base  is  usually  liberated.  In  this  case  we  have  the 
disulfide  changed  to  dimethyldithiocarbamic  acid  with 
liberation  of  free  sulfur  by  the  hydrogen  sulfide.  The  aniline 
salt  of  the  acid  then  forms.  Aniline  then  replaces  the  di- 
methj'lamine  to  form  the  aniline  salt  of  phenyldithiocarbamic 
acid  and  the  dimethylamine  reacts  with  more  hydrogen  sulfide 
and  sulfur  to  form  the  methylated  ammonium  polysulfides. 
The  latter  are  broken  up  by  heat  with  loss  of  the  constituents 
and  reformed  by  hydrogen  sulfide  as  long  as  dimethylamine 
remains  in  the  aniline. 

SUMMARY  FOR  THiURAM  DISULFIDES — These  disulfides  Con- 
tain sulfur  avaOable  for  vulcanization  in  heat  cures.  The 
presence  of  zinc  oxide  gives  a  higher  modulus  to  the  vulcani- 
zate  but  retards  the  chemical  cure.  Thiuram  disulfides, 
used  as  accelerators  with  sulfur  in  heat  cures,  form  alkylated 
ammonium  polysulfides  and  trithiocarbamates,  while  in 
the  presence  of  zinc  oxide,  dithiocarbamates  of  zinc  are  also 
formed.  In  this  case  the  zinc  seems  to  accelerate  the  cure, 
although  chemical  data  have  not  been  obtained. 

For  low  temperature  cures  of  cements  the  thiuram  disulfide 
sulfur  is  inactive.  Zinc  oxide  has  no  effect.  The  addition 
of  hydrogen  sulfide  to  the  zinc  oxide  cement  containing  the 
disulfide  produces  dithiocarbamates  of  zinc,  and  the  cement 
quickly  vulcanizes. 

Reactions  of  Dithiocarbamates 

1 — Hydrogen  sulfide  reacts  on  dimethylamine-dimethyl- 
dithiocarbamate  in  acetone  without  warming,  to  produce 
alkylated  ammonium  sulfides  and  trithiocarbamates.  The 
addition  of  sulfur  produces  a  deep  red  polysulfide.  These 
combinations  have  not  vulcanized  cements  at  room  tem- 
perature. 

2 — Hydrogen  sulfide  reacts  with  the  zinc  salt  of  dimethyl- 
dithiocarbamic acid  in  aniline  at  ordinary  temperature  to 
produce  zinc  sulfide  as  a  precipitate.  As  soon  as  this  precipi- 
tate starts  to  form  it  redissolves  and  further  hydrogen  sulfide 
does  not  reform  the  soUd.  Heating  forms  the  precipitate 
again.  This  phenomenon  has  its  parallel  in  previously  pub- 
lished data.  As  in  the  preceding  example  (No.  1),  the  carbon 
disulfide  goes  to  the  aniline,  and  dimethylamine  hydrosulfide 
is  formed  with  excess  hydrogen  sulfide.  Zinc  sulfide  is  soluble 
in  hydrosulfides,  as  shown  by  Thomsen,'*  who  added  a  dilute 
solution  of  zinc  sulfate  to  a  dilute  solution  of  sodium  hydro- 
sulfide without  getting  a  precipitate  and  described  the  solu- 
tions as  analogous  to  the  action  of  caustic  in  redissolving  zinc 
hydrate. 

yS— Na 

ZaSOi  +  4NaSH  — »-  Zn  +  NajSO,  +  2H2S 

^S— Na 
soluble 
We  find  the  same  reaction  with  NH4SH.    Even  if  the  first 
addition  of  a  zinc  acetate  solution  forms  a  precipitate  due  to 
local  concentration,  this  precipitate  redissolves.     Hydrogen 
sulfide  is  liberated. 


Zn(0Ac)2  +  2NH4SH 


ZnS  +  2NH,SH 


ZnS  -t-  2NHi— O— Ac 


Zn 


S— NHi 


4-  HjS 


•vS-NH, 


soluble 
The  re-solution  of  the  zinc  sulfide  precipitate  from  the  zinc 
dithiocarbamate  in  aniline  is  therefore  due  to  the  formation  of 
soluble  dimethjflammonium  dithiozincate,  similar  to  sodium 
zincate.  This  aniline  solution  is  bright  yellow  in  color. 
Warming  produces  the  precipitate  again.    With  sulfur  pres- 

'•  Bar.,  11  (1878),  2044. 


ent  the  solution  is  a  deep  red,  and  this  color  is  also  lost  if  the 
precipitate  is  reformed  by  heating.  We  have  in  this  case  the 
polysulfide  of  a  thiozincate  in  solution.  Another  instance  of 
a  soluble  polysulfide  of  a  thiozincate  is  found  in  the  action  of 
zinc  acetate  on  NajSs.  With  dilute  solutions  a  large  amount 
of  the  zinc  salt  may  be  added  without  the  formation  of  a 
precipitate.  This  will  be  considered  later  under  inorganic 
polysulfides.  We  have  several  times  noted  acetone-soluble 
zinc  compounds  in  the  acetone  extract  of  vulcanized  rubber 
stocks  which  were  cured  by  the  use  of  accelerators. 

3 — Zinc  dithiocarbamate  dissolved  in  aniline  with  sulfur 
in  the  cold  and  added  to  a  pure  gum  cement  produces  a  much 
quicker  vulcanization  at  room  temperature  than  when  no 
aniline  is  used.  The  writers  attribute  this  to  the  solvent 
action  of  aniline  if  the  solution  has  not  been  heated.  They 
are  aware  that  others  in  the  United  States  have  also  observed 
this  action  of  aniline  with  zinc  dithiocarbamates.  In  their 
preceding  paper  the  writers  recorded  the  same  action  of 
aniline  on  a  tliiocarbanilide-zinc  oxide  cement.  They  were 
later  able  to  vulcanize  a  cement  with  tliiocarbanilide,  zinc 
oxide  and  sulfur  at  room  temperature  without  the  use  of 
aniline.    The  reaction  was  slower. 

4 — If  a  solution  of  the  above  salt  and  sulfur  in  aniline  (zinc 
salt  10  g.;  sulfur  10  g.;  aniline  100  g.)  be  heated  on  an  elec- 
tric stove,  the  following  reactions  occur: 

(a) — A  clear  yellow  solution  results. 

(6) — At  120°  C.  the  liquid  turns  a  deep  red.  Any  precipitate 
formed  redissolves  at  once.  On  cooling,  the  color  is  lost  and  a 
precipitate  forms.  Reheating  causes  complete  solution  with 
red  color  again. 

(c) — Heated  to  boUing,  the  red  color  is  lost  and  a  permanent 
precipitate  is  formed.  By  extraction  with  hot  benzene  this 
precipitate  is  found  to  contain  as  high  as  50  per  cent  of  sulfur 
insoluble  in  solvents.  This  corresponds  to  ZnSa  or  ZnS4.  The 
inorganic  polysulfides  of  zinc  will  be  shown  later  to  be  powerful 
curing  agents  in  heat  cures. 

The  addition  of  this  red  aniline  solution  to  a  cement  causes 
vulcanization  within  a  few  hours  at  low  temperatures.  This 
the  writers  believe  to  be  due  wholly  or  in  part  to  the  zinc 
salts  of  polysulfides  of  alkylated  ammonium  hydrosulfides. 

In  forming  the  aniline  solution  containing  the  permanent 
precipitate,  dimethylamine  and  hydrogen  sulfide  are  lost  and 
thiocarbanilide  is  formed  in  solution.  If  this  entire  mix  be 
added  to  a  cement  no  vulcanization  takes  place  after  several 
weeks  have  passed. 

5 — The  zinc  dithiocarbamate  boiled  with  sulfur  in  xylene 
at  138°  C.  gives  only  a  trace  of  a  precipitate  of  zinc  sulfide 
after  half  an  hour.  Boiling  for  several  hours  precipitates  the 
zinc,  but  the  reaction  is  very  slow.  Both  the  zinc  salt  and 
the  sulfur  are  in  solution  and  the  temperature  corresponds 
to  these  used  in  heat  cures.  This  is  evidence  that  Prof. 
Bruni's  mechanism  of  vulcanization  through  the  disulfides 
is  untenable  for  zinc  dithiocarbamates,  and  also  that  the 
solvent  action  of  aniline  alone  in  the  previous  example  is  not 
suflicient  to  explain  the  increase  in  curing  power. 

In  absence  of  other  amines  to  take  up  the  carbon  disulfide, 
zinc  dithiocarbamates  do  not  readily  react  with  sulfur  to  form 
zinc  sulfide  and  organic  disulfides.  There  are  many  cases  of 
mercaptides  of  zinc,  lead,  and  other  metals  forming  poly- 
sulfides by  treating  with  sulfur  at  ordinary  temperatures, 
both  in  solution  and  in  the  dry  state.  The  temperature 
factor  is  very  important  for  these  changes  and  varies  greatly 
for  different  mercaptides.  Even  the  use  of  different  solvents 
is  an  important  factor.  All  the  evidence  for  the  great  re- 
activity of  mercaptides  as  accelerators  points  to  mercaptide 
polysulfides  jis  such. 

SUMMARY  FOR  DITHIOCARBAMATES— For  low-tcmpcrature 
vulcanization  of  cements,  zinc  is  necessary.  Either  zinc 
oxide  and  ammonium  ditliiocarbamate  or  the  zinc  dithiocar- 
bamate may  be  used.    Aniline  is  a  good  solvent  for  the  zinc 


28 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  1 


mercaptides  and  thereby  speeds  their  action.  Benzene  is 
the  most  suitable  solvent  for  the  rubber. 

In  heat  cures  the  zinc  dithiocarbamates  do  not  easOy  react 
with  sulfur  to  form  zinc  sulfide  except  through  the  further  aid 
of  hydrogen  sulfide.  By  the  action  of  rubber  resins  or  pro- 
teins in  producing  hydrogen  sulfide  the  zinc  dithiocarbamate 
is  decomposed  into  the  polysulfides  of  substituted  ammon- 
ium sulfides  and  tritliiocarbonates,  which  in  the  presence  of 
zinc  oxide  are  strong  curing  agents.  On  account  of  the  slow- 
ness of  sulfur  in  reacting  on  zinc  dithiocarbamates,  the  authors 
beUeve  that  hydrogen  sulfide  furnishes  the  key  to  a  second 
mechanism  of  vulcanization  by  these  accelerators.  The 
primary  mechanism  is  through  the  polysulfides  of  the  zinc 
salts  as  such. 

For  heat  cures  the  action  of  aniline  is  more  than  that  of  a 
solvent  for  the  zinc  salt.  Zinc  sulfides  or  persulfides  are  more 
easily  formed  and  ditliiocarbamates  of  aniline  are  formed 
rather  than  tritliiocarbonates. 

Reactions  of  Thiocaebanilides 

1 — In  our  previous  paper  we  described  the  zinc  mercaptides 
of  thiocarbanilide  and  their  vulcanizing  powers  in  cements  at 
room  temperature.  The  temperatures  required  for  the 
formation  of  mercaptobenzothiazole  and  its  disulfide  even 
in  the  presence  of  zinc  oxide  exclude  any  such  mechanism  for 
curing  by  thiocarbanilide  at  ordinary  temperatures  and  also 
for  heat  cures  at  5  lbs.  of  steam  pressure,  at  which  tempera- 
ture we  have  found  thiocarbanilide  and  zinc  oxide  to  give  a 
coefficient  of  1.7  per  cent  sulfur  combined  with  the  rubber,  in 
5  naia. 

2 — Litharge  and  lime  also  accelerate  the  curing  powers  of 
thiocarbanilide  but  overcure  the  rubber  faster  than  when 
zinc  is  used.  That  this  cannot  be  due  entirely  to  the  action 
of  litharge,  sulfur,  resins,  and  proteins  independent  from  thio- 
carbanilide is  sho'mi  by  the  following  data. 

LEAD  MERCAPTiDES^Renisch'^  precipitated  lead  salts  in 
acid  solution  and  obtained  the  sulfochloride  as  a  red  precipi- 
tate. MeUor"  states  that  the  precipitate  may  be  orange, 
yellow  or  red,  and  gives  the  equation: 


salt  containing  a  hydroxj'l  or  sulfhydryl  group  on  one  side 
of  the  lead  atom. 


2Pb 

\ci 


+  HoS 


yPb— CI 

S 
\pb— CI 
colored 


+  2HC1 


We  find  the  same  phenomena  with  lead  thiophenol.  The 
normal  salt  is  a  bright  yellow  wliich  changes  to  a  deep  orange 
on  adding  a  trace  of  acid  or  hydrogen  sulfide. 

^        \>S-Pb-S<(        y  +  HOAc  > 

^  yellow  ^__^ 

/       \s— Pb— OAc    +   /        NSH 
orange-red 

<^        ^S— Pb-S<^        y     +  H,S  — >■ 
yellow 

<(  ^S-Pb— SH  +  <^^  ^SH 
orange-red 
A  similar  reaction  is  obtained  with  thiocarbanilide  and 
litharge  in  benzene  if  cliilled  to  15°  to  20°  C.  Frequent 
stirring  for  a  short  tune  produces  a  deep  red  mercaptide  which 
is  soluble  in  benzene  and  may  be  separated  by  filtration. 
Upon  slight  warming  lead  sulfide  is  precipitated  from  the 
filtrate.  Under  certain  conditions,  the  writers  have  obtained 
the  lead  mercaptide  as  a  clear  yellow  instead  of  red  solution. 
From  the  above  data  they  believe  that  the  yellow  solution  is 
normal  salt,  while  the  usual  red  product  may  be  called  a  basic 

'«  J.  prakl.  Chem.,  IS,  130. 

"  "Modern  Inorganic  Chemistry,"  1919,  411, 
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orange-red  yellow 


The  addition  of  sulfur  to  cold  solutions  of  the  lead  mer- 
captide of  tliiocarbarulide  results  in  a  deepening  of  the  red 
color.  This  is  also  true  mth  other  yeUow  mercaptides  of 
lead.  With  lead  thiophenol  the  color  gradually  changed 
from  yellow  through  orange  and  red,  to  deeper  sh.ades  down 
to  the  black  lead  sulfide. 

3 — The  writers  have  repeated  their  cement  experiments 
with  aniline  and  carbon  bisulfide,  thiocarbanihde,  etc.,  using 
litharge  or  lime  in  the  place  of  zinc  oxide.  In  every  case 
the  sulfides  of  lime  or  litharge  form  in  a  few  hours  and  no 
\ailcanization  of  the  cement  occurs.  If  the  cements  be  chilled, 
the  above  color  changes  are  easily  observed,  showing  that 
mercaptides  are  first  formed.  By  keeping  the  cements  in  the 
ice  box  we  have  several  times  observed  a  "livering"  or  partial 
vulcanization  and  in  one  case  a  permanent  gel  was  formed. 

Lead  and  lime  mercaptides  are  therefore  more  easily  amen- 
able to  the  formation  of  disulfides  than  are  the  zinc  com- 
pounds, yet  no  vulcanization  takes  place  at  ordinary  tempera- 
tures. Tills  is  not  in  accord  with  Brum's  theory,  from  wliich 
we  would  expect  greater  reactivity  in  this  case. 

4 — The  writers  have  also  investigated  the  curing  power  of 
several  other  lead  mercaptides.  Lead  xanthate  is  a  beautiful 
maroon  compound  which  changes  to  lead  sulfide  before  it  can 
be  mixed  with  rubber.  The  lead  salt  of  phenyldithiocarbamic 
acid  is  comparatively  stable,  and  lead  mercaptobenzothiazole 
is  more  so.  The  latter  will  vulcanize  cements  at  room  tem- 
peratures as  does  the  zinc  salt.  The  cement  becomes  deep 
maroon  in  color,  owing  to  the  formation  of  polysulfides  of  the 
salt,  and  retains  this  color  for  weeks  after  ^Tilcanization  ha.s 
taken  place.  Lead  sulfide  forms  in  a  thin  layer  on  the  side 
of  the  bottle  exposed  to  light  but  even  this  does  not  form  for 
several  weeks.  The  mechanism  of  vulcanization  in  this  case 
is  through  the  polysulfides  of  the  mercaptide  without  the 
formation  of  lead  sulfide.  Moreover  the  red  color  cannot 
be  attributed  to  inorganic  lead  persulfides,  which  have  been 
shown  by  Schiff'*  to  be  unstable  at  ordinary  temperatures. 

The  relative  curing  powers  of  inorganic  accelerators  as  well 
as  their  compatibility  or  incompatibility  with  organic  accelera- 
tors is  therefore  to  be  explained  by  the  relative  stability  of  the 
polysulfides  of  their  mercaptides  and  sulfides.  Bruni  recog- 
nizes this  important  item  by  stating  that  "the  superiority 
of  zinc  oxide  towards  all  other  metallic  oxides  is  ob%nously 
dependent  upon  the  conditions  of  stability  and  the  decompo- 
sitions of  the  various  salts  and  sulfides,"  but  fails  to  note  the 
importance  of  the  temperature  factor  or  to  recognize  the 
metallic  polysulfides,  both  organic  and  inorganic,  as  being  the 
important  curing  agents  rather  than  the  organic  disulfides. 

MECHANISM  FOR  HIGH  TEMPERATURE  VULCANIZATION  WITH- 
OUT METALLIC  OXIDES — For  heat  cures,  and  especiaUy  for 
Bruni's  "ultra-accelerators,"  we  are  forced  to  invoke  the 
mechanism  of  the  mercaptide  polysulfides  as  described  above. 
Where  inorganic  accelerators  are  not  used,  we  rely  on  the 
polysulfides  of  the  disulfides  until  the  total  available  sulfur 
becomes  low  and  then  we  call  on  the  disulfide  to  give  up  its 
sulfur.  The  assumption  that  disulfides  give  up  half  their 
sulfur  to  the  rubber  is  further  supported  by  the  following 
references: 

"  Ann.,    115    (1860),    74. 


Jan.,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


29 


Baumann  and  Froram"  describe  the  heat  decomposition  of 
the  disulfide  derived  from  a-phenylethylmercaptan  with  the 
liberation  of  free  sulfur. 

HsC  CHs 


2  <;^~^C=CH2  +  2S  +  HaS 


Braun  and  Stechele'"  obtained  a  theoretical  decomposition  of 
tetramethylthiuram  disulfide  to  monosulfide  by  warming  a 
suspension  of  the  disulfide  in  a  water-alcohol  solution  of  potassium 
cyanide. 

MeaN-C-S-S-C-NMej  +  KCN  — >  (Me2N-C)2-S  +  KCNS 


They  also  obtained  this  same  result  with  dipiperidylthiuram 
•disulfide,  tetrapropylthiuram  disulfide  and  with  isothiuram 
disulfides. 

Braun^'  describes  the  heat  decomposition  of  disubstituted 
thiuram  disulfides  by  two  equations,  the  first  one  favoring  ali- 
phatic and  the  second  favoring  aromatic  compounds.  Both 
equations  show  the  liberation  of  free  sulfur. 
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S  +  CS2  +  R— N— C— N— R 


Braun  also  mentions'^  the  heat  decomposition  of  dixanthogenides 
-with  the  liberation  of  free  sulfur. 

Hinsberg^^  gives  an  interesting  heat  decomposition  of  aromatic 
disulfides  which  shows  both  their  liberation  of  free  sulfur  as  well 
equaas  their  abiUty  of  forming  higher  polysulfides. 


z 


<I>'^XZ>-<Z><I> 


+ 


o 


H 


CHj^C— n/~N— S 


CHs— C— N. 
II  H 
O 


Mercaptobenzothiazole  forms  a  disulfide  when  heated 
■with  sulfur.  If  extra  sulfur  is  present  there  is  a  colloidal 
polysulfide  formed  which  is  deep  red  in  color  whOe  hot  and 
cools  to  a  reddish  brown  resin  with  a  conchoidal  fracture. 
Solvents  e.xtract  only  .small  amounts  of  sulfur,  and  the  poly- 
sulfide is  a  rapid  curing  agent  without  other  free  sulfur.  Cold 
•caustic  soda  extracts  a  small  amount  of  unchanged  mer- 
captans.  According  to  Weyl^^  sodium  sulfide  forms  the 
mercaptans  without  the  sulfinates.  The  free  mercapto- 
benzothiazole in  absence  of  zinc  oxide  is  a  relatively  poor 
accelerator  and  the  disulfide  or  its  polysulfide  is  still 
lower  in  curing  power.  This  observation  is  contrary  to  the 
Bruni  theory  that  disulfides  are  the  most  active  form  of 
accelerators. 

Research  with  disulfides  should  be  extended  to  dithio- 
aniline  and  other  disulfides. 

It  has  frequently  been  noted  that  aniline  is  a  stronger 
accelerator   than   thiocarbanilide  in   absence  of  secondarj' 

'»  Ber.,  28  (1895),  907. 
"Ibid.,   36  (1903),  2275. 
"  Ibid.,  35  (1902),  817. 
'^  Ibid.,   46  (1912),  2188. 
"  Ibid.,   43  (1910),  1874. 
"  Loc.    cit. 


accelerators.  Scott  and  Bedford  proposed  a  reaction  of 
amino  groups  with  hydrogen  sulfide  to  form  derivatives  of 
ammonium  polysulfide.  Sufficient  experimental  evidence  is 
still  lacking,  and  the  action  of  organic  accelerators  in  absence 
of  inorganic  accelerators  is  still  virgin  soU  available  for 
pioneering  research. 

Hydrogen  sulfide  decomposes  many  polysulfides  and 
disulfides,  such  as  the  thiuram  disulfides,  with  liberation  of 
the  sulfur  of  the  hydrogen  sulfide.  This  sulfur  may  therefore 
be  considered  as  in  the  nascent  state.  When  inorganic 
accelerators  are  used,  they  fix  this  hydrogen  sulfide  as  metallic 
sulfides,  as  shown  by  W.  .1.  KeUy.-^  In  absence  of  these 
inorganic  accelerators  there  is  the  possibility  that  the  above 
described  "nascent"  sulfur  is  available  for  vulcanization. 
Sufficient  experimental  evidence  is  lacking  to  prove  this 
point.  In  fact,  hydrogen  sulfide  on  nitroso  compounds  and 
other  inorganic  compounds  liberates  sulfur;  yet  this  re- 
action win  not  vulcanize 'cements  at  ordinary  tempera- 
tures. The  action  of  sulfur  dioxide  and  hydrogen  sulfide  in 
low-temperature  vulcanization  has  been  described  as  due  to 
nascent  sulfur  and  also  as  due  to  the  formation  of  thio- 
ozone,  wliich  is  simply  one  form  of  polysulfide  sulfur. 


0                             OH 
/                             / 

S       +  H2S  — >  S— SH 

\                             II 
0                         0 

S 
./ 
— >-   S     -1-  H2O 

\ 

,0 

0                            OH 

S       -I-  H2S  — >  S— SH  - 

N            1 

s 

/ 

— >   S  +  H2O 

\ 

trithio-ozone  or 
polysulfide  sulfur 

The  writers  have  evidence  that  the  reactivity  of  the  sulfur 
liberated  by  Peachey's  process  is  not  due  to  a  nascent  condi- 
tion but  to  a  new  and  active  form  of  sulfur,  which  to  their 
knowledge  has  not  previously  been  described.  If  properly 
prepared,  this  sulfur  retains  its  activity  in  vulcanizing  rubber 
at  ordinary  temperature  in  absence  of  the  gases  from  which  it 
is  formed. 

If  sulfur  dioxide  and  hydrogen  sulfide  are  passed  into  sol- 
vents such  as  benzene  or  carbon  disulfide,  cooled  to  10°  C. 
or  lower,  the  liberation  of  free  sulfur  begins  almost  imme- 
diately. After  sufficient  sulfur  has  been  formed  one  of  the 
two  gases  is  interrupted  and  the  other  gas  passed  in  for  an 
hour  or  longer.  The  sulfur,  so  precipitated,  is  bright  yellow 
in  color  and  on  standing  changes  to  plastic  sulfur  which  has 
the  same  properties  as  when  formed  by  pouring  molten  sulfur 
into  water.     On  further  standing,  the  product  crystallizes. 

By  pouring  off  the  supernatant  liquid  and  washing  the 
sulfur  free  from  unchanged  gas  by  cold  solvent,  we  find  that 
we  have  an  active  form  of  sulfur  which  if  beaten  into  a  chUled 
cement  will  vulcanize  the  same  at  low  temperatures.  The 
speedy  reaction  of  the  two  gases  at  10°  C.  or  lower  to  liberate 
sulfur  leads  us  to  believe  that  none  of  the  intermediate  thio 
acids  are  stable  at  these  low  temperatures,  l-ong  treatment 
with  excess  of  one  of  the  gases  and  washing  with  cold  solvent 
removes  the  remaining  gas. 

The  viriters  therefore  believe  that  they  have  isolated  a  new 
and  active  form  of  sulfur  which  will  vulcanize  rubber  at  low 
temperatures  without  the  presence  of  organic  or  inorganic 
accelerators  and  which  is  trithio-ozone,  or  the  "mother"  of 
polysulfide  sulfur  itself. 

There  is  no  evidence  that  "nascent"  sulfur  is  .active. 
Further  evidence  on  the  liberation  of  free  sulfur  in  rubber  by 

>»  "The  Determination  of  True  Free  Sulfur  and  True  Coefllcient  of 
Vulcanization  of  Vulcanized  Rubber — II."  Presented  at  tlie  02ud  Meeting 
of  the  American  Chemical  Society,  New  Yoric,  N.  Y.,  September  6  to  10, 
1921. 
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various  chemical  reactions  should  prove  or  disprove  our 
theory  that  the  molecular  form  of  the  sulfur  as  liberated  is 
the  factor  which  determines  its  reactivity  rather  than  the 
nascent  condition  of  freshly  formed  sulfur. 

SUMMABT  ON  TmocAKBANiLiDES — Thiocarbanihde  func- 
tions as  a  mercaptan.  Its  zinc  and  lead  mercaptides  have 
been  described  and  their  polysulfides  are  believed  to  be  the 
true  curing  agents.  This  reaction  is  operative  for  the  low- 
temperature  curing  of  cements  as  well  as  in  heat  cures. 
Hydrogen  sulfide  changes  mercaptides  to  metallic  sulfides 
and  regenerates  the  mercaptan  which  again  reacts  with  the 
metaUic  oxide  to  form  the  mercaptide. 

The  action  of  sulfur  on  mercaptans  to  form  disulfide  poly- 
sulfides is  apparently  ifloperative  for  thiocarbanilide.  The 
action  of  sulfur  on  the  zinc  mercaptide  of  thiocarbanilide  is 
believed  to  function  only  through  the  formation  of  mercap- 
tide polysulfides.  ^ 

The  action  of  thiocarbanilide  to  produce  phenyl  mustard 
oil  and  this  to  produce  mercaptobenzothiazole,  according  to 
Bruni,  is  beUeved  to  be  inoperative  except  as  carried  on  by 
sulfur  reaction  prior  to  compounding  the  accelerator.  Phenyl 
mustard  oU  in  a  zinc-sulfur-rubber  mix  is  inactive  as  an  ac- 
celerator and  Bruni's  reactions  do  not  take  place. 

REACTIONS  OF  GUANIDINES 

Kratz,  Flower  and  Coolidge-^  have  shown  the  higher  curing 
power  of  mono-  and  diphenylguanidine  as  compared  with  the 
triphenyl  derivative.  The  present  writers  have  found  some 
very  interesting  reactions  of  the  guanidines  which  take  place 
during  the  \'ulcamzing  process  through  the  action  of  hydrogen 
sulfide  and  sulfur,  and  which  aid  in  explaining  their  relative 
curing  powers  as  well  as  their  mechanism  of  \Tilcamzation. 

1 — With  sulfur  in  benzene  at  room  temperature,  triphenyl- 
guanidine  becomes  light  red  in  color  if  subjected  to  the  action 
of  hydrogen  sulfide. 

2— Under  the  same  conditions  diphenylguanidine  gives 
a  much  deeper  red  color.  Tliis  action  is  explained  by  the 
formation  of  a  peculiar  derivative  of  ammonium  sulfide  which 
readily  forms  polysulfides. 
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Form  III  may  be  considered  as  a  derivative  of  ammonium 
sulfide. 

3 — The  free  amino  group  of  Form  II  is  further  proved  by 
its  reaction  with  carbon  disulfide.  A  substituted  thiourea  is 
formed  and  the  total  weight  of  the  reaction  product  corre- 
sponds to  the  following  equation: 
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4 — Fiu'ther  evidence  of  these  reactions  is  found  by  passing 
hydrogen  sulfide  into  a  carbon  disulfide  solution  of  diphenyl- 
guanidine. The  first  few  bubbles  of  the  gas  cause  a  complete 
precipitation  of  the  guanidine  as  a  resin.  The  colloidal 
character  of  this  resin  indicates  a  high  molecular  weight. 
Further  action  of  the  gas  causes  no  change.  We  attribute 
this  phenomenon  to  the  action  of  the  dithiocarbamate  as 
being  similar  to  that  of  hydrogen  sulfide  through  the  carbo- 
sulfhydrj'l  group.  The  first  trace  of  the  gas  gives  a  small 
amount  of  Form  II,  which  forms  a  dithiocarbamate  with 
carbon  disulfide. 
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This  dithiocarbamate  then  reacts  with  a  second  mole  of  the 
guanidine  to  give  Form  VII. 


C3 

HS- 


NH  NH 

.      H  I 

HS— C— N— C— S— C— NH: 


<z> 

■NH2 

0 


NH         S  NH 

(VII) 

Form  VII  is  an  amine  and  therefore  reacts  fiu'ther  with  carbon 
disidfide,  and  the  process  is  repeated  until  a  high  molecular 
weight  is  built  up  and  a  resin  formed. 
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»  This  Jousnai,,  IS  (1920),  319. 


5 — One  mole  each  of  aniline,  carbon  disulfide,  and  diphenyl- 
guanidine will  form  an  additive  compound,  on  mixing  in 
solution,  whose  total  dry  weight  corresponds  to  Formula  VIII. 
This  product  wUl  react  with  more  carbon  disulfide  tlirough  the 
amino  group. 

6 — Mercaptans  also  form  additive  products  with  diphenyl- 
guanidine and  form  red  polysulfides  with  sulfur  in  solution. 

7 — MetaUic  hydrosulfides,  ammonium  hydrosulfide,  me- 
tallic hydrates  and  oxides  give  characteristic  reactions  with 
the  guanidine  or  Form  II. 

In  aU  of  the  above  reactions  triphenylguanidine  is  less 
reactive  and  in  some  cases  the  products  are  unstable  or  do  not 
form.  The  above  polysulfides  of  the  guanidines  are  similar 
to  those  of  ammonium  sulfide  and  do  not  cure  cements  at 
room  temperature.  In  heat  cures  diphenylguanidine  is 
more  reactive  than  is  triphenylguanidine.  The  effect  of 
zinc  oxide  on  diphenylguanidine  and  its  curing  power  is 
rather  pecuUar.  In  many  cases  the  time  of  cure  is  not 
changed  by  the  zinc  oxide,  wliile  in  others  it  is  materially 
retarded.  Kratz  has  noted  the  retarding  action  of  zinc  oxide 
on  aniline.  We  have  found  three  classes  of  organic  accelera- 
tors based  on  the  effect  of  metallic  oxides.  There  are  ac- 
celerators which  are  aided  or  retarded  by  the  action  of  zinc, 
while  there  are  others  wliich  seem  to  be  unaffected. 

The  above  data  do  not  preclude  the  decomposition  of 
Form  III  into  ammonia  and  thiocarbanilide  in  high  tempera- 
ture cures  with  the  corresponding  reactions  whereby  they 
activate  sulfur. 

The  inactivity  of  zinc  oxide  on  the  curing  time  of  this  guani- 
dine at  40  lbs.'  steam  pressure  indicates  that  this  reaction 
does  not  take  place  at  this  temperature  during  Milcanization. 
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SUMMARY  ON  GUANiDiNES — Guanidine  accelerators  form 
derivatives  of  ammonium  sulfide  by  reaction  with  hydrogen 
sulfide  even  at  ordinary  temperatures.  Polysulfides  easily 
form  and  the  aid  of  metallic  oxides  is  not  required  except  as 
inorganic  fillers.  In  some  cases  the  action  of  zinc  oxide  is 
that  of  a  retardant.  Further  research  is  desirable. 
Inorganic  Polysulfides 

Schiff"  studied  the  polj'sulfides  of  a  large  number  of  heavy 
metals  other  than  those  of  antimony  and  arsenic.  He  found 
most  of  them  to  be  unstable  and  obtainable  only  under 
special  conditions  and  for  a  short  time,  but  he  stated  that  the 
polysulfides  of  zinc  and  cadmium  do  not  easily  decompose, 
and  can  be  isolated  and  manipulated. 

In  repeating  the  work  of  Schiff,  the  writers  have  observed 
the  following  phenomena:  With  dilute  solutions  of  zinc  salts 
and  sodium  pentasulfide  a  large  portion  of  the  zinc  solution, 
preferably  the  acetate,  may  be  added  to  the  dilute  poly- 
sulfide  solution  without  causing  a  precipitate  to  form.  This 
reaction  is  similar  to  the  one  pointed  out  by  Thomsen.^' 

Zn(0Ac)2  +  2Na2S  >-   2NaOAc  +  Zn(S— Na)^        Soluble 

Zn(OAc)2   4-  2Na2S6  — >■   2NaOAc  +  ZnCSs— Na)2      Soluble 

Upon  further  addition  of  the  zinc  solution  there  is  formed 
a  precipitate  which  is  colloidal  in  character  and  passes  through 
filter  paper.  The  high  molecular  weight  of  similar  precipi- 
tates has  been  shown  by  Linder  and  Picton.^'  We  therefore 
■write  the  next  step  in  the  reaction  as  follows: 
2Zn(S6— Na)2  +  Zn(0Ac)2  — >  2NaOAc  +  ZnOs— Zn— SsNa)! 

Upon  continuing  the  addition  of  the  zinc  solution  up  to 
molar  proportions  or  excess,  the  precipitate  granulates  and 
may  be  filtered.  This  precipitate,  therefore,  consists  of 
(ZnSs)!  whose  formula  may  be  represented  as  AcOZn — 
SsCZn — S6)iZn — OAc,  or  without  the  final  acetate  groups  if 
the  chain  of  — Zn — Ss —  links  be  closed.  Upon  filtering  this 
precipitate,  the  filtrate  is  clear,  and  there  is  no  evidence  of 
colloidal  free  sulfur.  Schiff  states  that  it  may  be  washed  with 
hot  water  without  decomposing  the  pentasulfide. 

The  writers  have  compounded  this  zinc  pentasulfide  with 
rubber,  preferably  using  it  as  a  slightly  damp  paste  and  later 
drying,  and  have  found  it  a  strong  curing  agent.  Figuring 
four  of  the  sulfurs  as  available  for  \'Tilcanization  and  com- 
pounding for  5  per  cent  of  available  sulfur  on  the  rubber,  they 
obtained  a  well-set  cure  in  45  min.,  a  full  cure  in  from  75  to 
90  min.,  and  a  distinct  overcure  in  2  hrs.  All  cures  were  at 
the  temperature  of  40  lbs.  of  steam.  Five  per  cent  of  ordinary 
sulfur  would  not  give  a  satisfactory  cure  in  less  than  3.5  hrs. 

The  question  of  reversibility  of  the  equation  ZnS6=ZnS  -|- 
S4  was  investigated,  in  consideration  of  the  fact  that  rubber 
cured  with  the  pentasulfide  of  zinc  shows  the  well-known 
"sulfuring  up"  or  "bloom."  Freshly  precipitated  zinc  sul- 
fide containing  no  extra  sulfur  was  compounded  with  sulfur 
to  duplicate  the  above  formula  containing  5  per  cent  sulfur 
on  the  rubber.  The  rapidity  of  vulcanization  was  similar 
to  that  with  pentasulfide,  but  with  lower  tensiles.  In  no 
case  did  the  sulfide  contain  free  alkali.  We  find,  therefore, 
that  inorganic  zinc-sulfur  compounds  easily  form  poly- 
sulfides which  contain  active  sulfur  available  for  vulcaniza- 
tion purposes,  which  is  far  more  active  than  elemental  sulfur. 

In  conclusion  the  writers  wish  to  call  attention  to  the 
complicated  reactions  which  attend  the  vulcanization  process 

"  Loc.  cil. 

» Btr.,   11    {1878),   2044. 

»J.  Chem.  Soc,  61  (1892),  114. 


by  the  use  of  each  individual  accelerator.  In  nearly  every 
instance  there  are  two  or  more  mechanisms  for  the  formation 
of  active  sulfur  and  it  is  as  yet  impossible  to  state  which  re- 
action predominates.  The  additional  use  of  inorganic  acids 
further  complicates  the  subject  and  mixed  organic  accelera- 
tors furnish  additional  complexity.  Further  research  on 
each  individual  accelerator  is  needed. 

The  authors  believe  that  they  have  established  the  funda- 
mental principles  for  the  science  of  vulcanization  of  rubber 
by  sulfur.  A  few  blocks  may  have  been  misplaced,  but  the 
corner  stones  seem  to  be  truly  set.  They  are  pleased  that 
Prof.  Bruni  has  corroborated  their  findings  and  have  no 
desire  for  a  priority  polemic. 

Summary 

1 — There  is  described  a  new  form  of  sulfur  which  will  vul- 
canize rubber  at  low  temperatures  without  the  aid  of  accelera- 
tors.   Tliis  sulfur  is  beheved  to  be  trithio-ozone. 

2 — Zinc  persulfides  are  shown  to  be  active  vulcanization 
agents  and  zinc  sulfide  to  be  an  accelerator  when  properly 
prepared.  Methods  for  preparing  these  active  compounds 
are  given. 

3 — Zinc  mercaptides,  as  well  as  the  mercaptides  of  other 
metals,  form  persulfides  without  the  formation  of  inorganic 
sulfides.  These  mercaptide  polysulfides  furnish  the  most 
active  sulfur  of  all  accelerators  known  to-day.  Dithiocarbam- 
ates  are  classed  as  mercaptides. 

4 — ThiocarbanUide  functions  as  a  mercaptan.  Its  zinc 
and  lead  mercaptides  have  been  described. 

5 — Basic  or  mixed  mercaptides  of  polyvalent  metals  are 
described  which  have  regular  organic  mercaptide  groups  on 
one  side  of  the  metal  with  sulfhydryl,  hydroxy,  acidic  or 
other  groupings  on  the  other  side. 

6 — The  polysulfide  of  lead  mercaptobenzothiazole  has  been 
described  as  a  red  compound  which  \iilcanizes  rubber  at 
ordinary  temperatures. 

7 — New  reactions  and  data  on  the  guanidine  accelerators 
are  given.  They  are  classed  as  "hydrogen  sulfide  poly- 
sulfide accelerators." 

8 — Nitroso  accelerators  are  reserved  for  future  discussion. 

9 — Organic  disulfides  and  their  polysulfides  are  shown  to 
be  less  active  curing  agents  than  the  corresponding  mercap- 
tans  or  their  zinc  salts. 

10 — Further  research  is  needed  on  vulcanization  reactions 
in  the  absence  of  inorganic  accelerators,  especially  for  the 
mechanism  of  vulcanization  by  aniline  and  sulfur. 

11 — Hydrogen  sulfide  is  shown  to  be  an  important  factor 
in  the  mechanism  of  vulcanization  by  many  accelerators. 

12 — All  vulcanizing  reactions  are  described  as  due  to  some 
form  of  polysulfide  sulfur.  Trithio-ozone,  as  well  as  metallic, 
organo-metaJlic  and  organic  polysulfides,  furnishes  sulfur  in 
a  more  active  state  than  elementary  sulfur. 


Lectures   at   Philadelphia  College  of    Pharmacy 
and  Science 

Somewhat  in  line  with  President  Smith's  advocacy  of  popular 
lectures  on  chemical  subjects,  referred  to  in  our  November 
editorials,  is  the  free  public  lecture  course  which  is  being  given 
at  the  Philadelphia  College  of  Pharmacy  and  Science.  The 
subjects  include: 

The   Chemistry   of   Other   Worlds 

Petroleum  and  Its  Products  and  Their  Modern  Uses 

Products    from    Cotton    l-'iclds    and    l-'orcsts 

Strawbi^rries  at  the  North  Pole  and  Apples  at  the  Equator 

Our    Bacterial    Kriends    and    ICnemics 

Chemistry    in    Peace    and    War 

A   Thousand   and   One  Odors 

Standardized     Remedies 

How  Chemistry  Develops  the  Industries 

One    Prop   of    Blood 

The  Foods  of   the   Next  Century 

The  Raw   Materialn  of  the  Chemical   Industry 

Kood    from    the    Air 

Natural    Silk    ond    Artificial    Silk 
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The  Swelling  and  Gelation  of  Gelatin' 

By  Robert  H.  Bogue 

Mei,lon  Institutb  op  Industrial  Research,  University  op  Pittsburgh,  Pittsburgh,  Pa. 


In  several  papers  by  Martin  Fischer  and  his  collaborators^ 
it  has  been  sho-rni  that  the  tendency  of  gelatin  to  go  into  so- 
lution in  mixtures  of  the  salts  of  polybasic  acids  increases 
progressively  as  the  amount  of  acid  or  alkali  in  these  mixtures 
is  increased  from  a  given  low  point.  They  find  further  that 
the  highest  degree  of  swelling  is  obtained  in  the  pure  acid 
solution,  that  this  decreases  to  a  minimum  in  a  solution  con- 
sisting essentially,  for  example,  of  monosodium  phosphate, 
and  that  the  swelling  again  increases  on  the  alkaline  side  of 
this  point  through  the  di-  and  the  trisodium  phosphates 
to  the  pure  alkali,  at  which  point  it  is  nearly  as  high  as  in  the 
pure  acid.  In  other  words,  gelatin  swells  the  least,  and  is 
not  liquefied,  in  a  solution  of  monosodium  phosphate,  a 
solution  of  about  equal  parts  of  monosodium  and  disodium 
citrate,  and  a  solution  of  pure  sodium  bicarbonate.  As  the 
solutions  become  either  more  acid  or  more  alkaline  the  swell- 
ing is  increased,  and  they  tend  ever  more  strongly  to  liquefy. 

It  would  seem  that  the  above  effects  were  controlled  by  the 
hydrogen-ion  concentration  of  the  solution.  Patten  and 
Johnson,''  in  repeating  a  part  of  the  work  of  Fischer  and  his 
collaborators,  have  shown  that  the  region  of  least  swelling 
and  of  least  tendency  to  go  into  solution  corresponds  with  a 
pH  value  of  from  4.4  to  5.7.  These  values  correspond 
reasonably  well  with  the  findings  of  Loeb''  that  the  minimum 
degree  of  swelling,  viscosity,  osmotic  pressiu-e,  alcohol 
number,  and  conducti\dty  all  fall  very  close  to,  or  directly  at, 
the;  isoelectric  point,  which  is  for  gelatin  pH  =  4.7. 

Another  conception  which  has  long  been  given  credence  to 
account  for  the  causes  of  the  alteration  in  the  properties  of 
gelatin  under  the  influence  of  electrolytes  is  that  the  size 
of  the  charge  on  the  cation  or  the  anion  is  the  dominant 
influence.  The  experiments  of  Fischer  are  nonconclusive  in 
this  respect,  although  Fischer  himself  refers  to  the  changes  as 
being  brought  about  by  acids  and  alkalies.  He  avoids  a 
consideration,  however,  of  hydrogen-ion  concentration  as 
distinguished  from  what  is  generally  referred  to  as  acidity 
or  alkalinitjr. 

In  connection  with  some  work  upon  the  effect  of  sUicates 
of  sodium  on  the  properties  of  gelatin,  the  writer  has  obtained 
data  wliich  seem  to  indicate  that  the  variation  in  hydrogen- 
ion  concentration  and  the  valency  of  the  combined  ions  may 
be  adequate  to  account  for  aU  variations  in  properties  which 
are  observed. 

Experimental 

The  sUicates  of  sodium*  which  were  used  consisted  of  seven 
of  varying  composition  as  follows: 


Table  I — Composition  of 

Silicates  of  Sodium 

Per  cent 

Per  cent 

Per  cent 

Approximate 

No. 

NaiO 

SiOj 

H2O 

Molecular  Structure 

1 

7.0 

26.9 

66.1 

Na20.4SiO!.33H20 

2 

8.98 

30.3 

60.72 

Na20.3.5Si02.23H20 

3 

11.0 

31.2 

57.8 

Na20.3SiO2.18H20 

4 

13.7 

32.9 

53.4 

Na20.2.5Si02.13H20 

5 

17.83 

36.45 

45.72 

Na2O.2SiO2.9H2O 

6 

24.2 

38.3 

37.5 

Na20.1.5Si0..5H20 

7 

26.95 

28.85 

44.2 

Na2O.SiO2.6H2O 

>  Presented  before  the  Division  of  Physical  and  Inorganic  Chemistry 
at  the  62nd  Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y., 
September  6  to  10,  1921. 

2  Fischer,  Hooker,  Benzinger,  and  Coffman,  Science,  N.  S.,  46  (1917), 
189;  Fischer  and  Hooker.  J.  Am.  Chem.  Soc,  40  (1918),  272;  Fischer  and 
Coffman,  Ibid.,  40  (1919),  303. 

«  J.  Biol.  Chem.,  38  (1919),  179. 

«  J.  Gen.  Physiol.,  1  (1918-19),  39,  237,  383.  483,  559. 

•  The  author  is  indebted  to  the  Philadelphia  Quartz  Co.  for  the  silicates 
experimented  upon.  The  analyses  of  these  samples  were  furnished  by 
William  Stericker  (Mellon  Institute). 


These  silicates  were  made  up  into  two  series,  one  containing 
2  per  cent  of  Na20  throughout,  with  consequently  varying 
amounts  of  SiOz,  and  the  other  containing  4  per  cent  of  SiOj 
throughout,  with  varying  amounts  of  NaaO.  It  has  pre- 
viously been  shown^  that  solutions  of  the  silicates  of  sodium 
which  contain  equal  amounts  of  NaoO  by  weight,  but  varying 
amounts  of  SiOo,  do  not  possess  the  same  concentration  of 
hydroxyl  ion,  but  that  the  latter  increases  as  the  ratio  of 
soda  to  silica  in  the  molecule  increases. 

The  make-up  of  the  two  series,  together  with  their  pH 
values,  is  shown  in  Table  II. 

Table  II — Composition  of  Silicate  Series 


Series  1 

Per  cent 

Per  cent 

Number 

Na20 

Si02 

pH  (0.01  if) 

1 

2.0 

7.7 

10.80 

2 

2.0 

6.7 

10.90 

3 

2.0 

5.7 

11.08 

4 

2.0 

4.8 

11.16 

5 

2.0 

4.1 

11.50 

6 

2.0 

3.2 

11.95 

7 

2.0 

2.1 

12.43 

8 

2.0 

0.0 
Series  2 

13.57 

1 

1.1 

4.0 

10.68 

2    • 

1.2 

4.0 

10.79 

3 

1.4 

4.0 

10.98 

4 

1.7 

4.0 

11.11 

5 

2.0 

4.0 

11.50 

6 

2.5 

4.0 

12.08 

7 

3.7 

4.0 

12.62 

In  the  first  experiment  small  portions  of  the  siUcates  were 
added  in  successive  stages  to  the  sol  of  a  high-grade  gelatin 
of  such  concentration  that  the  final  product  contained  always 
3  per  cent  of  gelatin.  The  relative  consistency  only  was  mea- 
sured.    The  results  are  tabulated  in  Tables  III  and  IV. 


Table  III — Effect  of  Silicate  Series  1  on  Liquefaction 

(5  CO.  6  per  cent  gelatin  +  4  cc.  water  =  a) 
Number  Composition  of  Mixture 

1  a  +  1.0  CC.  water  (control). 

2  o  4-  0.5  cc.  water  -\-  0.5  cc.  Silicate  1 

3  a  +  1.0  cc.  SiUcate  1 

4  o  +  0.5  cc.  Silicate  1  +  0.5  cc.  Silicate  2 

5  a  -i-  1.0  cc.  Silicate  2 

6  a  +  0.5  cc.  SUicate  2  +  0.5  cc.  SiUcate  3 

7  a  +  1.0  cc.  SiUcate  3 

8  a  +  0.5  cc.  SiUcate  3  +  0.5  cc.  Silicate  4 

9  a  +  1.0  cc.  SiUcate  4 

10  a  -I-  0.5  cc.  SiUcate  4  +  0.5  cc.  SiUcate  5 

11  o  +  1.0  cc.  SiUcate  5 

12  a  -I-  0.5  cc.  SiUcate  5  +  0.5  cc.  SiUcate  6 

13  a  +  1.0  cc.  Silicate  6 

14  a  +  0.5  cc.  SiUcate  6  +  0.5  cc.  SiUcate  7 

15  a  +  1.0  cc.  Silicate  7 

16  a  +  0.5  cc.  SiUcate  7  +  0.5  cc.  Sodium  hydroxide  8 

17  a  +  1.0  cc.  Sodium  Hydroxide  8 


Table  IV- 

NUMBER    ^ 

1 

2 

3 

4 

S 

6 

7 

S 

9 
ID 
11 
12 
13 
14 
IS 


-Effect  of  Silicate  Series  2  on  Liquefaction 
(5  cc.  6  per  cent  gelatin  +  4  cc.  water  =  o) 
Composition  of  Mixture 
a  +  1.0  cc.  water  (control) 
a  +  0.5  cc.  water  -t-  0.5  cc.  Silicate  1 
o  4-  1.0  cc.  Silicate  1 

a  +  0.5  cc.  Silicate  1  +  0.5  cc.  SiUcate  2 
a  +  1.0  cc.  SiUcate  2 

a  +  0.5  cc.  Silicate  2  +  0.5  cc.  Silicate  3 
a  +  1.0  cc.  Silicate  3 

o  +  0.5  cc.  Silicate  3  +  0.5  cc.  SiUcate  4 
a  4-  i-0  cc.  Silicate  4 

o  +  0.5  cc.  Silicate  4  +  0.5  cc.  Silicate  5 
a  4"  1.0  cc.  SiUcate  5 

a  4-  0.5  cc.  Silicate  5  +  0.5  cc.  SiUcate  6 
a  4-  1.0  cc.  Silicate  6 

a  +  0.5  cc.  Silicate  6  +  0.5  cc.  SiUcate  7 
a  -I-  1.0  cc.  SiUcate  7 


OP  Gblathi 

Stats 
SoUd 
SoUd 
SoUd 
SoUd 
Solid 
SoUd 
SoUd 
Solid 
SoUd 
SoUd 
Solid 
Semisolid 
Semisolid 
Semisolid 
Liquid 
Liquid 
Liquid 

OF  Gelatin 

Stats 

Solid 

Solid 

SoUd 

SoUd 

SoUd 

Solid 

SoUd 

SoUd 

SoUd 

Semisolid 

Semisolid 

Liquid 

Liquid 

Liquid 

Liquid 


IMPROVED  PROCEDURE — In  Order  that  more  comprehensive 
data  might  be  obtained  a  more  elaborate  procedure  was 
adopted.  Cylindrical  glass  funnels  about  25  mm.  in  diameter 
and  SO  mm.  in  height  were  fitted  with  filter  paper,  and  the 
outlet  tubes  were  closed  by  a  short  sealed  piece  of  rubber 
tubing.  Into  these  was  introduced  an  excess  of  the  several 
silicate  solutions  described,   the  temperature  being  about 

•  R.  H.  Bogue,  J.  Am.  Chem.  Soc,  42  (1920),  2575. 
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10°  C.  One-gram  portions  of  the  gelatin  wliich  had  been 
ground  so  as  to  pass  a  40-mcsh,  but  retained  by  a  60-mesh, 
sieve  were  poured  into  each  funnel  and  stirred.  After  an 
hour  the  excess  of  liquid  was  drawn  off,  the  gelatin  washed  by 
several  perfusions  of  distilled  watei',  and  the  swelling  measured 
directly  in  millimeters  to  which  the  gelatin  rose  in  the  tube. 
The  gelatin  was  then  transferred  to  small  beakers,  water  was 
added,  and  the  gelatin  brought  into  solution  by  warming. 
Each  sample  was  made  up  to  100  cc,  e.  g.,  a  1  per  cent 
solution,  and  the  viscosity,  alcohol  number,  jelly  consistency, 
and  hydrogen-ion  concentration  were  determined. 


SEMI- 
SOLID 


y  140 


u 

h 
UJ 

E 
_j 

Z 


Jelly  consistency 


Viscosity 


SVVELLING 


5  6  7  B  9  in 

^'h  VALUt   OF  GELATIN    SOLUTION 

Fio.  1— The  Jelly  Consistencv,  Viscosity,  and  Swelling  op  Gelatin 
AT  Vasying  pH  Values.     (Table  VI,  Series  1) 

Viscosity — The  viscosity  was  measured  by  an  Ostwald 
viscosimeter  immersed  in  a  water  thermostat  set  at  35°  C. 
This  temperature  was  selected  for  the  viscosity  measurements 
in  order  that  no  complications  due  to  an  equilibrium  between 
what  C.  R.  Smith'  calls  the  sol  form  A  and  gel  form  B  might 
arise.  At  35°  the  sol  form  only  can  exist.  Tlie  figures  given 
are  obtained  by  dividing  the  time  in  seconds  for  the  outflow 
of  the  gelatin  by  the  corresponding  time  for  water  at  the  same 
temperature. 

Alcohol  number — The  alcohol  number  is  taken  as  the  num- 
ber of  cubic  centimeters  of  95  per  cent  alcohol  which  are 
required  to  precipitate  or  produce  a  definite  turbidity  in 
5  cc.  of  the  gelatin  sol  at  30°  C. 

Jelly  consistency — The  jelly  consistency  was  noted  by  al- 
lowing 10  cc.  of  the  gelatin-silicate  mixtures  to  stand  for 
12  lirs.  at  10°  C.  Only  tiirce  degrees  of  consistency  were 
observed:  solid,  semisolid,  and  liquid. 

H-ion  concentration — The  hydrogen-ion  concentration  was 
determined  by  electromotric  means.  Tiie  hj'drogen  cell 
was  of  the  type  suggested  by  Clark.'  Tentli-normal  calomel 
cells,  which  were  made  up  with  great  care,  were  employed. 
The  hydrogen  was  supplied  from  a  commercial  tank  and 
purified  by  passing  through   alkaline   permanganate,   con- 

»  J.  Am.  Chem.  Soc,  41  (1919),  135;  This  Journal,  12  (1920),  878. 
'J.  liiol.  Chem.,  23  (191.5),  475. 


centrated  sulfuric  acid,  and  water  containing  a  little  barium 
chloride.    The  gas  chain  and  the  hydrogen  purifying  chain 
were  enclosed  in  an  air  thermostat  set  at  30°  C.     The  average 
deviation  during  measurements  was  not  greater  than  =t0.02°. 
The  measurements  were  made  by  the  use  of  a  Leeds  and 
Northrup  type  K  potentiometer.     The  value  of  pH  was  cal- 
culated from  the  electrode  potential  by  the  equation 
H^E-0.337 
0.0601 
which  was  derived  from  the  weU-lmown  formula  of  Nernst: 

E=Eo  -t-^Tiog,  c, 

where  pH  is  the  log  of  l/hydrogen-ion  concentration,  E  the 
electrode  potential  at  concentration  C,  Eo  the  electrode  po- 
tential at  molar  concentration,  R  the  gas  constant,  T  the 
absolute  temperature,  n  the  valency  of  the  ion,  F  the  Faraday 
constant,  and  C  the  ionic  concentration  of  the  solution. 

TESTS  ON  NORMAL  GELATIN — The  data  obtained  by  using 
the  gelatin  in  the  normal  condition  are  shown  in  Table  V. 


Table 

V — Effect  of 

Silicates   on   Properties  of 

Normal  Gelatin 

Per 

Per 

Coeffi- 

cent 

cent 

cient  of 

Alcohol 

Jelly 

No. 

Na20 

SiOj 

Swelling 

Viscosity 
Series  1 

Number 

Consistency 

pH 

Is 

0 

0.0 

0.0 

20 

1.41 

8 

Solid 

1 

2.0 

7.7 

37 

1.49 

23 

Solid 

7.9 

2 

2.0 

6.7 

40 

1.51 

25 

Solid 

8.5 

3 

2.0 

5.7 

45 

1.53 

25 

Semisolid 

8.6 

4 

2.0 

4.8 

47 

1.58 

26 

Semisolid 

8.7 

5 

2.0 

4.1 

47 

1.61 

25 

Semisolid 

9.1 

6 

2.0 

3.2 

44 

1.57 

26 

Liquid 

9.5 

7 

2.0 

2.1 

44 

1.55 

27 

lyiquid 

a. 6 

8 

2.0 

0.0 

43 

1.48 
Series  2 

29 

Liquid 

9.9 

0 

0.0 

0.0 

20 

1.41 

8 

Solid 

6.8 

1 

1.1 

4.0 

34 

1.48 

20 

Solid 

7.8 

2 

1.2 

4.0 

38 

1.50 

22 

Solid 

7.9 

3 

1.4 

4.0 

42 

1.52 

24 

Solid 

8.2 

4 

1.7 

4.0 

45 

1.58 

25 

Semisolid 

8.4 

5 

2.0 

4.0 

47 

1.61 

25 

Semisolid 

P.l 

6 

2.5 

4.0 

46 

1.59 

27 

Liquid 

10.0 

7 

3.7 

4.0 

43 

1.49 

30 

Liquid 

10.8 

TESTS  ON  ISOELECTRIC  GELATIN — The  above  experiments 
were  repeated,  but  instead  of  the  gelatin  in  its  normal  con- 
dition, wMch  was  essentially  calcium  gelatiuate  of  a  pH  of 
5.8,  the  gelatin  used  was  first  rendered  isoelectric  by  allowing 
it  to  soak  for  an  hour  in  A''/128  hj'drochloric  acid  and  filtering 
and  washing  out  the  excess  of  acid  by  several  perfusions 
with  distOled  water.  The  pH  value  of  a  1  per  cent  solution 
was  found  to  be  4.7,  which  is  the  value  of  gelatin  at  its  iso- 
electric point.     The  data  are  shown  in  Table  VI. 

Table  VI — Effect  of  Silicates  on  Properties  of  Isoelectric  Gelatin 


Per 

Per 

Coeffi- 

cent 

cent 

cient  of 

Alcohol 

Jelly 

Jo. 

Na20 

SiOs 

Swelling 

Viscosity 
Series  / 

Number 

Consistency 

pH 

0 

0.0 

0.0 

17 

1.33 

4 

Solid 

4.7 

1 

2.0 

7.7 

42 

1.52 

24 

Solid 

7.5 

2 

2.0 

6.7 

46 

1.68 

25 

Solid 

8.1 

3 

2.0 

5.7 

48 

1.59 

25 

Solid 

8.2 

4 

2.0 

4.8 

48 

1.61 

26 

Semisolid 

8.3 

5 

2.0 

4.1 

49 

1.66 

25 

Semisolid 

8.8 

6 

2.0 

3.2 

51 

1.66 

26 

Semisolid 

8.9 

7 

2.0 

2.1 

49 

1.65 

30 

Liquid 

9.1 

8 

2.0 

0.0 

44 

1.57 
Series  2 

32 

Liquid 

9.4 

0 

0.0 

0.0 

17 

1.33 

4 

Solid 

4.7 

1 

1.1 

4.0 

39 

1.47 

23 

Solid 

7.1 

2 

1.2 

4.0 

41 

1.49 

24 

Solid 

7.6 

3 

1.4 

4.0 

44 

1.56 

24 

Solid 

7.8 

4 

1.7 

4.0 

46 

1.58 

25 

Solid 

8.1 

5 

2.0 

4.0 

49 

1.66 

25 

Semisolid 

8.7 

6 

2.5 

4.0 

48 

1.64 

30 

Semisolid 

9.6 

7 

3.7 

4.0 

46 

1.69 

35 

Liquid 

10.4 

In  I'ig.  1,  the  jelly  consistency,  viscosity,  and  .■swelling  of 
Scries  1  in  Table  VI  are  plotted  against  the  pH  values. 

Discussion 

An  inspection  of  the  data  presented  in  the  several  tables 
and  in  the  figure  brings  out  many  points  that  are  of  interest. 
The  swelling  is  found  to  progress  regularly  in  Series  1  with 
decreasing  silica  content,  the  percentage  of  soda  present 
being  held  constant,  and  in  Series  2  with  increasing  soda 
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content,  the  silica  in  this  case  being  kept  constant.  This 
increase  in  swelling  does  not  contmue  throughout  the  entire 
extent  of  the  series,  however,  but  reaches  a  maximum  beyond 
which  it  drops  slightly.  The  coefficient  of  viscosity  is  found 
to  behave  in  an  entirely  similar  manner,  as  would  be  expected 
from  the  findirigs  previously  reported'  which  have  shown  that 
solution  and  viscosity  are  parallel  functions,  and  swelling  is  a 
measure  of  solvation.  If  the  hydrogen-ion  concentration 
were  not  simultaneously  determined  it  would  be  assumed  that, 
in  Series  1,  the  variation  in  swelling  and  \'iscosity  were 
directly  attributable  to  the  regular  variation  in  the  percentage 
of  silica  present,  since  the  soda  content  remains  constant. 

But  the  pH  values  are  found  to  increase  regularly  also, 
and  this  increase  cannot  conceivably  be  attributed  to  the 
decrease  in  silica  content  per  sc,  because  the  silicic  acids 
have  many  times  been  shown  to  be  un-ionized.  The  only 
conclusion  which  may  be  drawn  to  account  for  the  increase 
in  the  pH  value  is  that  as  the  content  of  sUicic  acid  in  the 
molecule  of  the  sodium  silicates  decreases  the  sodium  hy- 
droxide actually  present  in  an  ionized  condition  increases. 
And  this  in  turn  may  be  brought  about  only  by  a  continually 
increasing  degree  of  hydrolysis  of  the  silicates  with  increasing 
ratio  NajO :  Si02.  Furthermore,  the  differences  in  degi'ee  of 
hydrolytic  dissociation  on  passing  through  the  silicate  series 
must  be  considerable  in  order  to  account  for  the  wide  variation 
in  pH,  e.  g.,  in  Table  VI,  Series  2,  from  No.  1  (pH  =  7.1) 
to  No.  7  (pH  =  10.4).  These  results  are  in  complete  accord 
with,  and  therefore  tend  to  confirm,  the  conclusions  reported 
in  an  earlier  paper,'"  to  the  effect  that  the  hydrolysis  of  the 
sUicates  of  sodium  increases  as  the  ratio  of  Na20  to  SiO;  in  the 
molecule  increases. 

The  alcohol  number  is  found  to  rise  regularly  with  in- 
creasing pH,  and  might  conceivably  be  utilized  for  the  purpose 
of  roughly  locating  the  hydrogen-ion  concentration  of  a 
solution  of  gelatin. 

The  jelly  consistency  is  solid  at  the  lower  pH  values,  but  in 
the  neighborhood  of  pH  =  8.5  a  softening  is  observed,  while 
at  a  pH  of  about  9. .5  the  gelatin  wiU  no  longer  gel  at  10°. 
The  relation  of  the  jelly  consistency  to  the  swelling  and  the 
viscosity  should  be  especially  observed.  At  the  point  where 
the  maximum  swelling  and  viscosity  are  attained  the  jelly 
is  no  longer  firm,  but  has  become  soft.  This  is  well  illus- 
trated in  Fig.  1.  On  further  increases  in  pPI,  sv/eUing  and 
viscosity  begin  to  decline,  and  the  gelatin,  at  the  concentration 
used,  remains  liquid. 

This  has  an  important  bearing  on  the  explanation  of  the 
mechanism  of  gelation.  As  the  gelatin  is  brought  into  the 
presence  of  increasing  quantities  of  sodium  hyroxide,  con- 
stantly increasing  amounts  of  gelatin  will,  according  to  Loeb^ 
be  converted  mto  sodium  gelatinate.  This  gelatinate  is 
shown  to  possess  a  strong  tendency  towards  solvation,  e.  g., 
it  swells  to  a  considerable  extent.  But  it  also  is  much  more 
soluble,  according  to  Loeb,  than  gelatin  per  se  and  so  will  not 
gel  under  the  conditions  of  our  experiment. 

But  may  gelation,  and  precipitation  or  coagulation,  be 
regarded  as  identical?  In  other  words,  is  gelation  dependent 
primarily  upon  solubility?  There  is  no  doubt  that  gelatin 
at  its  isoelectric  point  is  actu;illy  much  less  soluble  than  under 
any  other  electrical  condition.  A  white,  almost  granular, 
precipitate  may  be  obtained  by  bringing  gelatin  to  that  con- 
dition. But  the  wi'iter  has  data  which  show  that  the  con- 
sistency of  the  jelly  under  those  conditions  may  actually  be 
less  than  at  slight  intervals  on  either  side  of  that  point. 
Gelation  appears  rather  to  be  due  to  an  increase  in  the  solva- 
tion or  hydration  of  the  dispersed  particles  while  true  pre- 
cipitation and  coagulation  take  place  only  under  conditions 
of  excessive  dehydration.     That  solvation  and  ^^scosity  run 

•  R.  H.  Bogue,  J.  Am.  Chem.  Soc,  43  (1921),  1764. 

i«/6iif.,42  (1920),  2575. 


parallel  has  already  been  shown,'  and  the  fact  that  the  vis- 
cosity at  30°  begins  to  drop  when  the  liquid  at  10°  wiU  no 
longer  solidify  is  significant.  SweULng  is  known  to  be  in- 
creased by  low  temperatures,  and  viscosity  is  also  increased 
by  low  temperatures.  Gelation  is  similarly  influenced,  which 
means  that  solvation  is  much  greater  at  low  than  at  high  tem- 
peratures.    All  of  our  data  confirm  this  point  of  view. 

Since  the  volume  occupied  by  the  dispersed  phase  is  very 
nearly  defined  by  the  degree  of  solvation,  the  size  of  the 
molecule,  e.  g.,  the  volume  occupied  by  unit  weight  of  dis- 
persed phase,  will  be  the  determining  factor  in  both  the  degree 
of  swelling,  the  viscosity,  and  the  jelly  consistency  of  the 
gelatin.  This  statement  must  not  be  construed  to  mean, 
however,  that  the  greater  the  volume  per  unit  weight  of  gelatin 
the  greater  also  wiH  be  the  value  of  each  of  the  above  proper- 
ties indefinitely.  If  this  volume  is  very  small,  then  the  three 
properties  under  discussion  will  also  be  small;  if  this  volume 
be  very  large  then,  it  being  mostly  water,  the  consistency  and 
viscosity  wiU  again  be  small,  and  as  the  conditions  which  make 
for  increased  size  also  make  for  increased  solubility  (e.  g., 
gelatin  chloride  and  sodium  gelatinate  are  more  soluble  than 
gelatin)  a  point  must  be  ev'entually  reached  beyond  which 
further  additions  of  acid  or  alkali  wiU  result  more  in  favor 
of  solution  than  of  increased  size  from  hydration.  But 
at  intermediate  values  the  degree  of  each  of  these  properties 
reaches  its  maximum. 

The  effect  of  the  silicates  upon  the  properties  of  the  iso- 
electric gelatin  is  quite  similar  to  that  observed  in  the  normal 
gelatin  (calcium  gelatinate).  The  swehuig  and  viscosity 
are  somewhat  higher  in  the  isoelectric  series,  but  this  is 
probably  due,  as  Loeb  has  found  in  similar  cases,  to  the  fact 
that  calcium  gelatinate  exhibits  a  lower  degree  of  swelling  and 
viscosity  than  sodium  gelatinate,  and  that  the  presence  of  the 
divalent  calcium  ion  retards  the  greater  activity  of  the  mono- 
valent sodium  ion  in  this  respect.  By  rendering  the  gelatin 
isoelectric  and  washing  it  as  described,  the  calcium  ion  is 
largely  removed. 

Summary 

Experiments  have  been  conducted  upon  gelatin  sols  and 
gels  that  have  been  treated  with  silicates  of  sodium  in  which 
the  ratio  of  Na20  to  Si02  in  the  molecule  varied  regularly 
from  1:4  to  1:1.  The  solutions  were  made  up  so  that  the 
actual  amount  of  Na20  was  constant  in  one  series,  while  the 
actual  amount  of  SiOs  was  constant  in  the  other  series. 
The  degree  of  swelling,  viscosity,  alcohol  number,  and  pH 
value  were  determined  in  each  series,  both  upon  the  normal 
gelatin,  which  was  essentially  calcium  gelatinate  of  a  pH  of 
5.8,  and  upon  the  gelatin  which  had  been  rendered  isoelectric 
and  had  a  pH  v.ilue  of  4.7. 

The  data  obtained  show  that  the  swelling  and  the  vis- 
cosity increase,  in  Series  1,  with  a  decrease  in  the  silica 
content,  the  percentage  of  soda  being  held  constant.  The 
pH  value  is  shown  to  increase  constantly,  however,  as  the 
ratio  Na20:Si02  increases.  This  is  due  to  an  increase  in  the 
degree  of  hydrolysis  of  the  silicates.  The  variation  in  the 
above-mentioned  properties  appears  to  be  dependent  upon 
the  pH  value,  rather  than  upon  the  changing  silica  content. 
This  is  further  evidenced  by  the  similar  behavior  of  Series  2, 
in  which  the  silica  content  remains  constant. 

The  swelling  and  viscosity  reach  their  maximum  value  at 
a  pH  of  about  8.5,  and  decrease  slightly  at  higher  values. 
The  jelly  consistency,  however,  is  solid  at  pH  values  between 
4.7  and  8.0,  but  at  8.5  it  becomes  soft,  and  liquefies  at  9.0 
and  above.  This  affords  the  basis  of  an  argument  which 
concludes  that  gelation  is  due  to  and  dependent  upon  the 
tendency  of  the  substance  to  become  solvated,  the  volume 
occupied  by  unit  weight  of  dispersed  phase  being  the  de- 
termining factor.    When  this  volume  is  very  smaU  or  very 
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large  the  jelly  consistency  will  be  small,  and,  at  intermediate 
values  of  volume  per  unit  weight,  the  jelly  consistency  will 
reach  its  maximum. 

The  results  upon  isoelectric  gelatin  are  similar  to  those 
obtained  with  normal  gelatin,  except  that  higher  degrees  of 


swelling  and  viscosity  are  attained,  because  of  the  absence 
of  the  retiirding  divalent  calcium  ion. 

The  alcohol  number  is  found  to  rise  regularly  with  in- 
creasing pH,  and  it  is  suggested  that  this  value  may  be 
utiliiied  for  rough  measurements  of  pH. 


The  Chemical  Changes  Involved  during  Infection  and  Decay  of  Wood  and 

Wood  Pulp' 

By  Mark  W.  Bray  and  Joseph  A.  Staidl 

Forest  Products  Laboratory,  U.  S.  Department  of  Agriculture,  Madison,  Wisconsin 


A  knowledge  of  the  chemical  composition  of  woods  and 
pulps,  linked  with  a  study  of  the  changes  in  composition 
after  infection-  with  specific  organisms  of  molds  and  wood- 
destroyers,  is  of  considerable  importance  in  that  it  throws 
further  light  on  the  astonishing  losses  sustained  through  the 
decay  of  wood  and  pulp  and  in  the  pulping  and  conversion 
into  paper  of  such  infected  wood  and  pulp. 

A  mere  study  of  the  organisms  of  decay,  without  a  thorough 
investigation  of  the  chemical  changes  involved,  would  help 
but  little  in  solving  the  problem,  because  an  infected  log  or 
lap  of  pulp  may  look  more  or  less  sound  and  yet  contain  wood- 
destroying  fungi  which  have  chemically  changed  the  cellu- 
lose, rendering  it  very  much  less  resistant.  By  the  study  of 
the  chemical  changes  involved,  the  progress  of  decay  may 
€asOy  be  followed,  and  the  cause  of  the  large  losses  in  pulping 
infected  woods  may  also  be  explained. 

The  methods  of  analysis,  with  the  exception  of  the  deter- 
minations of  lignin,'  solubility  in  7.14  per  cent  sodium  hy- 
droxide^ (a-,  (3-,  and  7-celluloses) ,'  and  copper  number^ 
were  those  described  by  A.  W.  Schorger'  in  the  "Analysis  of 
Some  American  Woods."  The  methods  used  were  chosen 
with  the  purpose  of  following  the  progress  of  decay  of  wood 
and  pulps,  and  of  obtaining  data,  if  possible,  which  would  aid 
in  ascertaining  the  chemical  changes  which  these  substances 
undergo  during  decay.  It  was  also  hoped  to  explain  the 
effects  of  decay  on  the  yield,  quality,  and  pulping  character- 
istics of  wood  by  the  mechanical,  sulfite,  and  soda  processes. 

The  cellulose  content  of  the  woods  and  pulps  is  undoubtedly 
the  constant  of  most  vital  importance  in  the  manufacture  of 
paper.  This  value  was  therefore  determined  directly  by  the 
Cross  and  Bevan  method,  and  the  nature  and  progress  of 
decomposition  of  the  cellulose  derived  from  sound  and 
decayed  material  were  studied.  Data  regarding  the  latter 
were  obtained  by  determining  the  resistance  toward  chemical 
reagents,  such  as  the  copper  number,  and  the  percentages  of 
a-,  /3-,  and  7-ceUuloses. 

The  percentage  of  lignin  or  noneellulose  materials  is  of 
importance  in  the  manufacture  of  chemical  pulp;  therefore 
a  knowledge  of  its  rate  of  decomposition  relative  to  that  of 
cellulose  would  determine  whether  or  not  the  organisms  of 
decay  produced  a  uniform  degradation  or  selective  action  on 
woods  and  pulps. 

The  comparison  of  the  solubility  in  hot  and  cold  water 
of  the  sound  and  decayed  woods  and  pulps  would  be  a  direct 
measure  of  the  losses  sustained  through  the  use  of  decayed 

1  Presented  before  the  Section  of  Cellulose  Chemistry  at  the  61st  Meet- 
ing of  the  American  Chemical  Society.  Rochester,  N.  Y..  April  26-29,  1921. 

3  It  has  been  shown  by  Rose  and  Lisse  that  wood  undergoes  a  chemical 
change  during  decay.     This  Journal,  9  (1917),  284. 

>  Ost  and  Wilkening.  Ckem.-Ztg.,  461  (1910);  Cross  and 'Bevan,  "Re- 
searches on   Cellulose,"  III   (1905-10),  39, 

«  Ordnance  Department,  U.  S.  A.,  Pamphlet  4B0  (1918),  16. 

»  Cross  and  Bevan,  "Paper  Making,"  1916,  97;  Schwalbe,  "Chemie 
der  Cellulose,"  1911,  637. 

•  Schwalbe,  Ibid.,  62.5. 

'  This  Journal,  9  (1917),  566. 


materials.  These  constants  would  also  indicate  the  extent 
of  decay,  as  Rose  and  Lisse  have  pointed  out  that  decay  is 
associated  with  increasing  molecular  simplicity. 

During  decay  wood  breaks  down  to  a  considerable  extent 
into  substances  which  are  almost  entirely  soluble  in  alkali.'' 
The  solubility  of  the  sound  and  decayed  woods  and  pulps  in 
strong  (7.14  per  cent  NaOH)  and  weak  (1  per  cent  NaOH) 
alkali  would  be  a  measure  of  the  progress  of  decay  and  also 
show  the  hydrolytic  action  of  the  organisms  of  decay.  This 
value  would  also  tend  to  explain  the  results  obtained  in 
pulping  decayed  woods  by  the  soda  process. 

Since  the  reducing  properties  of  wood  and  pulp  are  in- 
creased during  decay,  due  partly  to  the  increase  in  the  percent- 
age of  the  less  stable  or  less  resistant  celluloses,  viz.,  fi-  and 
7-,  and  other  substances,  the  copper  number  was  determined. 
It  also  seemed  desirable  to  show  the  relation  between  the 
ether-soluble  content,  the  ash,  the .  pentosan,  and  methyl- 
pentosan  contents  of  sound  and  decayed  woods  and  pulps. 
The  moisture  content  was  determined  in  order  to  make  the 
calculations  of  all  results  for  comparative  purposes  on  the 
oven-dry  (10.5°  C.)  or  moisture-free  basis. 

Through  the  courtesy  of  a  large  number  of  mills  co- 
operating with  the  Forest  Products  Laboratory,  a  number  of 
shipments  of  sound  and  infected  woods  and  pulps  were  re- 
ceived for  chemical  and  pulping  studies  and  for  isolation  of 
the  typical  organisms  causing  the  decay. 

The  woods  studied  were  spruce,  balsam,  hemlock,  and 
aspen,  representing  various  stages  of  decay,  determined 
microscopically. 

Comparison  of  Sound  and  Infected  Spruce  Woods  and 
Pulps  Derived  from  Them  by  Mechanical,  Sul- 
fite, AND  Soda  Processes 

The  sample  of  fresh  sound  spruce  wood  used  as  a  standard 
of  comparison  was  obtained  from  the  Marathon  Paper  Mills 
Co.,  Rothschild,  Wis.  The  infected  spruce  woods,  represent- 
ing various  stages  of  decay,  as  determined  by  the  eye,  were 
carefully  selected  from  the  following  sources: 

1 — Very  slightly  infected,  containing  some  mycelium  (determined 
microscopically),  from  Cloquet,  Alinn. 

2 — Slightly  infected,  taken  from  the  top  of  a  pile  of  logs  at  the  Marathon 
Paper  Mills  Co.,  Rothschild,  Wis. 

3 — Wood  considerably  more  infected,  taken  from  the  bottom  of  a  pile 
of  logs  at  the  Marathon  Paper  Mills  Co. 

4 — Very  badly  infected  wood,  such  as  would  be  rejected  for  pulping 
purposes,  obtained  from  the  Wausau  Paper  Mills  Co.,  Brokaw,  Wis. 

Samples  of  these  woods  were  shipped  to  the  Forest  Products 
Laboratory  for  chemical  analysis  and  pulping  trials,  while 
some  of  the  wood  was  made  into  mechanicsil  pulps  on  e.x- 
perimenlal  mill  runs.  The  results  of  the  pulping  trials  will 
be  given  in  a  later  publication." 

In  order  to  establish  the  percentage  of  cellulose  as  a  stand- 
ard for  comparison,  and  the  relation  of  this  constituent  to 

•  otto  Kress,  C.  J.  Humphrey,  C.  A.  Richards,  M.  W.  Bray,  and  J.  A. 
Staidl,  "Detcriorotion  of  Wood  Pulp  and  Pulpwood." 
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Table  I — Results'  of  the  Chemical  Analyses  op  Samples  op  Sound  (White  Spruce)  Wood  from  Various  Parts  op  North  America 


Company;  Location;  Location  Where  Wood 
No.  Was  Grown;  Remarks  . 

....  Sound  white  spruce  (Schorger)  from  Mellon,  Wis. 

2549  Sound  white  spruce,  Cloquet,  Minn. 

Id  &  g  Pejepscot  from  cut  10  mi.  north  of  Brunswick.  Me. 

II-A  Northern    Paper    Mills,    Green    Bay,    Wis. 

CI.  white  spruce 
III-A  &  bx      Fletcher  Paper  Co.,  Alpena,  Mich. 

IV-A  S.  D.  Warren  Co.,  Cumberland  Mills,  Me. 

V-A  Marathon  Paper  Mills,  Rothschild,  Wis.     Fresh 

sound  Wisconsin  spruce 
VI-A  Groveton   Paper   Mills   Co.,    Groveton,    N.    H. 

Spruce  woods 
VII-C  Port  Huron  Sulphite  &  Paper  Co.,  Port  Huron, 

Mich.    White  spruce  from  Edmunton,  Alberta, 

Canada 
VIII-B  Riordon  Co.,  Ltd.,  Hawkesbury,  Ont. 

IX-A  Hammermill  Paper  Co.,  Erie,  Pa.   White  spruce 

from  Ft.  William,  Canada 
XB  Laurentide  Co..  Ltd.,  Grand  Mere,  Que.,  Canada. 

White  spruce  from  this  region 
XI-A  Abitibi  Pulp  &  Paper  Co.,  Iroquois  Falls,  Ont. 

Secured  from  the  bush 
XIII-B  Price    Bros.    Co.,   Ltd.,   Kenogami,   Que.    White 

spruce.     Middle  of  tree 


Moisture     Lignin 


12.18 
4.26 


5.02 
4.24 


30.60 
26.85 


29.50 
27.90 


Cellulose 
61.85 
.54.65 
59.70 

57.50 
58.10 


Ether- 
Soluble 
1.36 
1.5S 
0.69 

0.15 
0.96 


Alcohol-  Annual 
Soluble   Rings 


Results  of  Microscopic 
Analysis 
Reported  as  sound 


4.48  26.93  60.15  0.64 
3.17  28.30  58. 58  1.24 
5.02         28.12         60.75         0.86 


3.38 
4.51 

3.62 

4.98 

5.60 

5.05 


26.89 

28.00 

27.60 
28.10 
28.41 
27.42 


*  Calculations  were  made  on  oven-dry  weight  of  samples  of  wood. 


61.70 
61.10 
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0.71 
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1.07 
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0.83 
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lignin  or  noncellulose  in  sound  spruce  wood,  these  constants 
were  determined  on  a  large  number  of  samples  obtained 
from  various  parts  of  the  United  States  and  Canada. 

These  samples  of  sound  wood  were  first  examined  micro- 
scopically by  an  independent  investigator  in  order  to  deter- 
mine their  soundness.  Slides  were  made  of  samples  taken 
from  the  center  of  the  tree  to  the  circumference.  The  annual 
rings  were  also  carefully  counted.  In  Table  I  are  given  the 
results  of  several  determinations  made  on  the  samples  of 
wood,  together  with  the  locality  from  which  they  came. 

It  was  found  that  the  cellulose  and  lignin  content  of  sound 
spruce  woods  varied  considerably,  depending  upon  the  loca- 
tion in  which  they  w?re  grown.  The  cellulose  content  of 
the  samples  of  spruce  woods  grown  in  the  northeastern  part 
of  the  United  States  and  in  Canada  was  much  higher  than 
in  those  grown  in  Minnesota  and  Wisconsin.  The  sample 
of  spruce  wood  from  Mellon,  Wis.,  analyzed  by  A.  W.  Schorger' 
showed  a  very  high  cellulose  content  (61.85  per  cent);  how- 
ever, this  sample  was  not  prepared  for  analj'sis  in  the  manner 
described  in  this  paper.    It  may  also  be  noted  that  the 


not  to  contain  any  infection  or  decayed  materials.     The 
data  on  check  analyses  are  given  in  Table  II. 

Discussion  of  the  Analyses  of  Sound  and  Decayed 
Spruce  Woods 

In  Table  III  are  listed  the  more  important  chemical  con- 
stants of  the  five  typical  spruce  woods  described  above. 
There  are  also  included  in  this  table  the  data  on  the  analysis 
of  a  "dead  head"  or  water-logged  sample  of  spruce  wood. 

The  cellulose  content  of  the  wood  decreases  very  con- 
siderably with  increased  decay.  Taking  the  extremes  of  the 
sound  and  infected  wood,  we  find  such  results  as  59.50  and 
42.00  per  cent,  respectively,  in  the  total  cellulose  content 
for  Wisconsin  woods.  Although  the  difference  in  the  cellu- 
lose content  is  comparatively  large  in  the  decayed  woods  as 
compared  with  the  sound,  far  more  indicative  of  the  amount 
of  decay  is  the  fact  that  the  cellulose  obtained  from  the  de- 
cayed woods  is  not  as  stable  or  as  resistant  toward  chemical 
reagents  as  that  obtained  from  sound  woods.  Practically 
60  per  cent  of  the  cellulose  from  sound  wood  is  stable,  or  the 
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Table  II — Results  of  Analysis  of  Sound  White  Spruce  Wood  from  Rothschild,  Wisconsin 


Sample 
No. 

Cold- 

Water- 
Soluble 

Hot- 

Water- 
Soluble 

Ether- 
Soluble 

1 
Per  cent 
NaOH 

7.14 
Per  cent 
NaOH 

Copper 
No. 

a- 
Lignin    Cellulose   Cellulose 

V-A 
V-A 

2.25 
2.30 

3.83 
3.90 

l'.24 

8.80 
8.83 

18.91 
18.90 

4.14 

58.60         63.55 
28.30         58.40 

g-  y-  Methyl- 

Cellulose   Cellulose   Pentosan  pentosan   Ash  Moisture 
10.37         26.08         11.88         1.88        0.17         3.17 


2.28 


3.87 


8  82 


18.90 


28.30        58.50        63.55 


10.37 


26.08 


11.88 


1.8 


0.17 


3.17 


Table  III — Resxtlts  of  Analysis  op  Sound  and  Infected  Spruce  Woods 


Kind  of  Wood  (Spruce) 
Sound  spruce  V-A,  Rothschild,  Wis.  2.25       3.83 

Average  2 .  30       3 .  90 

White  spruce  No.  2549,  Cloquet,  Minn.     Very 

slightly  infected 
SUghtly  infected  No.  2545  Marathon,  top  of  pile. 

mill  run  4.19       6.39 

Infected  No.  2546  Marathon,  bottom  of  pile  5.54       9.75 

Badly  infected  spruce  No- 2.541  Brokaw  6.58      11.92 

Dead  head  spruce  No.  2556,  Sartell,  Minn.  1.41        1.34 


1  7.14 

Cold-       Hot-  Per  Per 

Water-  Water-  Ether-     cent  cent 

Soluble  Soluble  Soluble  NaOH  NaOH 


1.24 


8.80 
8.83 


18.91 
18.80 


Copper 
No. 
4.14 


Lignin 
28.30 


Cellu- 
lose 
68.58 
58.40 


3.47       5.61       1.58     15.07     24.00       5.55     30.60     54.60 


1.71 
1.38 
1.47 
0.59 


20.64 
39.92 
44.00 
12.00 


28.54 
49.28 
62.36 
19.70 


7.74 
17.48 
23 .  .57 

5.97 


30.51 
35.21 
38.20 
30.96 


54.18 
46.90 
42.00 
59  .'5 


Cellu- 
lose 
63.55 


42.86 
27.75 
17.00 
60.00 


Cellu- 

lose 

10.37 


37.68 
61.45 
74.60 
16.10 


Cellu- 
lose 


Methyl- 
Pento-    pento- 
san        san       Ash 


26.08     11.88     1. 


19.46 

10.80 

8.40 

23.90 


11.31 
9.45 
8.. 50 
9.81 


2.84 


0.38 

1.37 
0.75 
0.61 
0.45 


spruce  wood  secured  from  Edmunton,  Alberta,  Canada,  by 
the  Port  Huron  Sulphite  and  Paper  Company  of  Port  Huron, 
Mich.,  gave  the  highest  cellulose  content,  although  it  con- 
tained an  occasional  thread  of  mycelium  or  decay.  How- 
ever, since  the  pulping  trials  and  other  chemical  studies  were 
made  on  infected  woods  from  Wisconsin,  it  seemed  advisable 
not  to  take  the  averages  of  the  analytical  constants  obtained 
from  all  of  the  sound  spruce  woods,  but  to  use  a  sound  Wis- 
consin spruce  wood  as  a  standard  for  comparison.  The 
sample  of  fresh  "sound  white  spruce,"  from  the  Marathon 
Paper  MiUs  Co.,  Rothschild,  Wis.,  was  chosen  as  a  standard 
for  sound  spruce,  with  which  other  results  from  the  analyses 
of  decayed  wood  are  to  be  compared,  because  it  was  found 


so-caDed  a-cellulose,  whereas,  only  17  per  cent  of  the  small 
cellulose  content  of  decayed  wood  is  a-cellulose.  This  ratio 
of  one-fifth  as  much  stable  cellulose  in  the  decayed  wood  as 
in  the  sound,  and  the  low  chemical  resistance  of  the  unstable 
celluloses  found  in  the  decayed  woods,  would  tend  to  explain 
the  small  yields  obtained  from  pulping  decayed  woods,  es- 
pecially in  the  soda  and  sulfate  processes.  As  the  process  of 
decay  progresses,  there  is  a  very  marked  increase  in  the  less 
stable  or  /5-ceIlulose.  This  appears  to  be  due  either  to  the 
metabolism  of  the  organisms  of  decay  or  to  the  action  of 
enzymes,  produced  by  these  organisms,  on  the  cellulose.  The 
increase  in  |3-cellulose  in  extremely  decayed  over  sound  woods 
is  approximately  60  per  cent  of  the  cellulose.    This  very  large 
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Tabub  IV — Results  op  Anai,ysis 

Cold- 

Water- 

ICiND  OH  Wood  Soluble 

No.  2561  paper  from  sound  white  spruce,  typical      0.15 

No.  2547  paper  from  No.  2545  Marathon  (top  of 

pile)  wood  0.00 

No.    254S    paper    from    No.    2546    Marathon 

(bottom  of  pile)  wood  0.00 

No.  2555  paper  from  No.  2541  Brokaw  infected 

wood  0 .  32 

No.   2560  Nekoosa-Edwards  wood  comparable 

with  No.  2547  or  Marathon  (top  of  pile)  0 .  37 


OF  THE  Corresponding  "Sulpite  Pulps"  from  Spruce  Listed  in  Table  II 


Hot-  1  7.14 

Water-  Per  cent  Per  cent  Copper  Cellu 

Soluble  Ether  NaOH    NaOH         No.      Lignin     lose 
0.00     1.12     11.02     20.53 


Cellu- 
lose 
1.26     97.25    87.50 


Cellu-    Cellu- 
lose        lose 


0.00  1.59  10.85  24.89 

0.00  1.01  13.46  31.39 

5  00  0.91  31.90  52.80 

0.00  1.36  14.32  28.20 


3.05  1.26  97.25  87.50  3.19 

2.06  2.80  96.17  75.83  17.85 
3.78  2.19  96.18  72.96  22.00 
9.05  1.73  94.44  46.05  48.62 
3.87  1.58  96.60  79.40  11.40 


Table  V — Results  of  Analyses  op  "Soda  Pulps"  from  Some  of  the  Spruce  Woods 


CoM-      Hot-  1  7.14 

Water-    Water-  Per  cent  Per  cent  Copper 

Kind  of  Pulp  Soluble  Soluble  Ether     NaOH   NaOH        No.   Lignin 

No.  2559  paper  from  infected  Nekoosa-Edwards 

spruce  0.86       0.19     1.02       3.23     6.59         2.58       9.64 

No.  2557  paper  infected  Brokaw  wood  No.  2541        0.65       0.00     0.72       7.01   13.64         7.92     38.32 


Cellu- 
lose 


89.42 
56.43 


Cellu- 
lose 


57.10 
23.36 


0- 

Cellu- 

lose 

39.10 
69.66 


9.31 
6.32 
5.04 
5.33 
9.20 


T- 

Cellu- 

lose 

3.80 
6.98 


Methyl- 
Pen  to-  pento- 
san san        Ash 
3.55  0.89     0.29 

4.61  0.60     0.57 

3.69  1.47     0.50 

2.97  1.43     0.81 

4.25  0.94     0.33 


Pento- 


Methyl- 
pento- 
san       Ash 


7.80 
4.58 


0.70 
2.77 


1.17 
2.08 


difference  in  e.xtreme  cases  of  decay  points  out  very  clearly 
how  the  progress  of  decay  of  spruce  may  be  observed  by  this 
determination. 

Results  of  the  Chemical  Analysis  op  Pulps  Made  from 
Sound  and  Decayed  Spruce  by  the  Sulfite  Process 

These  spruce  woods,  together  with  a  sample  of  infected 
wood  from  Port  Edwards,  Wis.,  were  separately  subjected  to 
pulping  by  the  sulfite  process,  in  the  small  digester  at  the 
Forest  Products  Laboratory.  The  pulp  was  run  into  water- 
leaf  paper  on  the  small  experimental  paper  machine  and  the 
samples  thus  obtained  were  chemically  analyzed,  by  the 
same  methods  of  procedure  as  in  the  case  of  the  woods. 

It  will  be  noted  in  Table  IV  that  the  cellulose  content  of 
pulp  made  from  these  woods  by  the  .sulfite  process  decreased 
with  increased  decay.  But  the  difference  is  not  so  marked 
as  in  the  woods  themselves.  There  is  a  difference  of  only 
about  3  per  cent  in  the  most  extreme  cases.  The  a-ceUulose, 
however,  indicates  again  how  far  the  decay  had  advanced  in 
the  woods  previous  to  pulping.  There  is  only  one-half  as 
much  a-ceUulose  in  pulp  made  from  the  badly  rotted  wood  as 
in  the  pulp  made  from  sound  wood,  or,  -in  other  words,  the 
decrease  is  from  87.50  per  cent  to  46.05  per  cent. 

There  is  a  great  difference  in  the  j3-celluIose  content  of 
waterleaf  pulp  made  from  sound  and  decayed  woods.  In 
pulps  made  from  sound  wood,  the  j3-cellulose  is  only  3  per 
cent  of  the  total  cellulose,  while  it  is  48.62  per  cent  of  the 
total  cellulose  in  paper  made  from  decayed  wood.  The 
proportion  of  7-cellulose  in  the  total  cellulose  content  re- 
mains practicaOy  constant  in  pulps  made  from  sound  and 
decayed  woods.  Tliis  would  tend  to  show  that  the  7-celliilose 
had  been  practicalls'  removed  by  the  drastic  treatment  of  the 
woods  during  the  pulping  process.  The  amount  of  7-cellu- 
lose obtained  in  the  determinations  is  probably  due  to  the 
action  of  the  alkali  on  the  original  "Cross  and  Bevan"  cellu- 
lose. The  fact  that  a  second  treatment  of  the  a-cellulose 
with  17.5  per  cent  sodium  hydroxide  gives  an  additional  loss 
of  5  per  cent  (as  proved  by  the  authors  and  also  shown  by 
C.  G.  Schwalbe  and  Becker')  would  tend  to  show  that  a  small 
amount  of  7-cellulose  is  possibly  formed  by  the  action  of  the 
alkali,  even  though  it  is  completely  removed  during  the  pulp- 
ing process.  The  additional  fact  that  7-cellulose  is  easily 
hydrolyzed  also  points  to  the  fact  that  7-cellulose  was  practi- 
cally removed  by  the  pulping  process. 

CELLULOSE  determinations — In  studying  the  pulping 
characteristics  of  sound  and  decayed  woods  by  the  soda 
process  (data  of  which  will  be  given  in  a  later  publication), 
it  was  found  that  the  pulp  made  from  badly  rotted  wood 
(Sample  2541,  Table  III)  was  very  raw  (brash  and  dirty). 
This  was  because  the  wood  neutralized  or  made  inactive 
practically  all  of  the  alkali  before  the  cook  had  reached 
completion.  It  may  be  pointed  out  here  that  there  is  a 
tremendous  loss  in  chemicals  when  decayed  wood  is  pulped 

•  Paper,  27  (1921),  No.  25,  21. 


by  the  soda  process.  This  point  wiU  be  taken  up  in  greater 
detail  in  the  discussion  of  the  results  of  the  action  of  dilute 
and  strong  alkali  solutions  on  sound  and  decayed  woods  and 
pulps. 

It  will  be  noted  in  Table  V  that  the  pulp  made  from  badly 
rotted  wood  by  the  soda  process  has  a  very  low  cellulose 
content  (56.43  per  cent)  as  compared  with  pulp  from  only 
partly  decayed  wood  (89.42  per  cent). 

Results  of  Chemical  Analysis  of  Pulps  Made  from 
Sound  and  Decayed  Spruce  by  Groundwood  Process 

Two  samples  of  spruce  wood,  one  representing  a  practically 
sound  Wisconsin  spruce  ground  daily  at  one  of  the  large 
Wisconsin  mills,  and  the  other  representing  badly  rotted 
wood  taken  from  the  bottom  of  a  pUe  of  logs,  were  subjected 
to  pulping  by  the  groundwood  process  at  one  of  the  cooperat- 
ing mills. 

These  samples,  together  with  a  sample  of  sound  pulp,  were 
inoculated  with  a  wood-destroying  fungus  and  stored  for  6 
mo.  in  a  constant  temperature  and  humidity  room  before 
analysis.  The  data  in  Table  VI  show  that  the  cellulose  con- 
tent of  sound  groundwood  pulp  is  practically  the  same  as 
that  of  pulp  made  from  badly  rotted  wood,  e.  g.,  60  and  59.69 
per  cent,  respectively.  These  results  may  appear  surprising 
at  first.  However,  if  the  small  yield  (78.5  per  cent)  obtained 
and  also  the  value  of  the  pulps  resulting  from  the  use  of  badly 
rotted  woods,  as  compared  to  that  of  sound  wood,  is  taken  into 
consideration,  one  can  easily  see  the  tremendous  losses  which 
must  be  sustained  by  the  mills  from  the  use  of  decayed  woods. 

The  cellulose  content  remains  practically  constant  because 
of  the  large  percentage  of  cold-  and  hot-water-soluble  prod- 
ucts found  in  the  rotted  woods.  These  values  make  up  the 
large  amounts  of  material  found  in  the  "white  water"  which 
is  a  direct  loss  to  the  manufacturer. 

Sample  26  of  groundwood  pulp  (Table  VI)  made  from  sound 
spruce  wood  infected  with  a  wood-destroying  fungus  gave  a 
very  decided  decrease  in  the  cellulose  value,  e.  g.,  from  60.00 
per  cent  to  43.00  per  cent.  S.  A.  Mahood  and  D.  E.  Cable'" 
have  indicated  that  the  cellulose  content  of  infected  ground- 
wood  pulp  is  reduced.  The  cellulose  content  of  the  two  pulps 
made  from  sound  and  infected  woods,  when  stored  in  the 
fungus  pit  for  6  mo.,  showed  a  greater  decrease  in  the  case  of 
the  pulps  made  from  wood  that  was  already  infected  than 
that  made  from  sound  wood.  This  fact,  together  with  the 
evidence  shown  in  Table  VI,  brings  out  more  plainly  the  losses 
involved  in  using  infected  wood,  especially  in  cases  where  the 
pulp  is  to  be  stored  for  any  length  of  time. 

The  a-,  0-,  and  7-celluloscs  in  these  pulps,  made  from 
sound  and  infected  woods,  remain  practically  constant,  while 
pulp  that  has  been  infected  and  stored  for  6  mo.  after  manu- 
facture shows  a  large  decrease  in  a-  and  7-cellulose  and  a 
very  decided  increase  m  ^-cellulose. 

10  "A    Chemical    Investigation    of    Sound    and    Infected    Groundwood 
Pulp,"  Paper.  SB  (1920),  No.  24,  II. 
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Table  VI — Results  of  Analvses  or  Tea  Corrssponding  "Groundwood  Pulps"  from  Woods  in  Table  III 
Cold        Hot-  IPer       7.14  a-  (i- 

Water-  Water-  cent    Per  cent  Copper  Cellu-    Cellu-     Ce'.lu- 

Soluble  Soluble  Ether  NaOH    NaOH       No.      Lignin      lose        lose         lose 


Kind  of  Pulp 
No.   2544  sound  groundwood  corresponding  to 

No.  2.545  Marathon  wood  (top  of  pile)  0.00 

No.   2558  paper  groundwood  ^larathon  (bottom 

of  pile)  No.  2546  0.68 

No.    26    groundwood    pulp    infected  with  wood 

destroyers  and  stored  for  6  mo.  in  sterile  bottles  6 .  94 


1.00     0.41       10.13     18.28       4.44     31.00     60.00     60.53      24.48 

1.45     0.786     17.72     27.43       6.63     29.74     69.69     58.69     26.71 

11  06     0.16       47.40     62.80    23.90     35.30     43.00     31.35     63.20 


f'  Methy- 
Cellu-  Pento-    pen- 
lose  san     tosan 

14.99  11.96     2.01 

20.60  10.37     2.65 

5.45  8.44     3.04 


General  Discxtssion  of  Constants  Obtained  by  Com- 
plete Chemical  Analysis  of  Sound  and  Decayed 
Spruce  Woods  and  Pulps  Made  Therefrom  by  the 
Three  Processes 

cellulose — The  data  obtaineci  from  the  complete  anal- 
ysis of  sound  and  infected  woods  and  pulps  indicate  quite 
clearly  that  the  wood  and  pulp  in  most  cases  of  extreme  de- 
cay breaks  down,  as  might  be  expected,  by  a  more  or  less 
selective  action  of  the  organisms."  That  the  organisms, 
especially  the  wood  destroyers,  attack  the  cellulose  to  a 
larger  extent  than  the  nonccUulosic  material  is  shown  by  the 
large  decrease  in  cellulose  and  the  apparent  increase  in  the 
noncellulosic  material  or  lignin.  The  words  "apparent  in- 
crease" are  used  because  the  lignin  content  remains  nearly 
constant  during  decay,  if  the  loss  in  weight  of  the  decayed 
wood  is  taken  into  consideration  and  the  results  of  the  lignin 
determinations  are  based  on  the  weight  of  the  original  sound 
wood.  In  other  words,  the  actual  weight  of  lignin  obtained 
from  a  definite  weight  of  sound  wood  remains  practically  the 
same  after  the  wood  has  decayed.  This  selective  action  on 
the  cellulose  is  especially  marked  in  the  case  of  badly  de- 
cayed groundwood  pulps  inoculated  with  wood  destroyers. 
The  data  indicate  plainly  that  as  the  decay  progresses  the 
percentage  of  cellulose  decreases,  but  far  more  indicative  of 
the  progress  of  decay  is  the  decrease  in  the  amount  of  the 
a~  or  stable  cellulose,  and  the  very  decided  increase  in  the 
percentages  of  the  |3-  or  less  stable  cellulose.  The  decrease 
in  the  amount  of  7-cellulose  would  show  that  the  cellulose  is 
broken  down  by  the  process  of  decay  into  the  less  stable  or 
less  resistant  (3-  and  7-celluloses.  But  since  7-cellulose  occurs 
in  smaller  amounts  in  decayed  woods  than  in  sound  wood  and 
pulp,  it  would  appear  that  the  7-cellulose  is  a  transition  form 
of  cellulose  and  is  broken  down  into  simpler  compounds  much 
more  rapidly  than  it  is  formed  by  the  action  of  the  organisms 
of  decay.  It  would  appear,  from  the  foregoing  statements, 
that  fungus  cellulose  is  composed  mainly  of  the  two  less  stable 
celluloses,  e.  g.,  /3-  and  7-,  since  these  two  celluloses  and  their 
cleavage  products  are  most  abundant  in  decayed  woods  and 
pulps. 

lignin — The  results  in  Table  I  show  that  the  lignin  con- 
tent or  the  noncellulosic  material  of  spruce  wood,  as  deter- 
mined by  a  modification  of  the  Ostand  Wilkening'-  method, 
bears  a  more  or  less  direct  relation  to  the  ceUulose  content  in 
sound  spruce  woods.  In  other  words,  the  ratio  of  lignin  to 
cellulose  is  practically  constant.  This  relation  appears  to  be 
independent  of  the  locality  where  the  woods  were  grown,  or 
the  rate  of  growth  or  the  age  of  the  tree.  However,  in  in- 
fected woods  (Table  III)  this  relation  does  not  hold  in  all 
cases,  as  was  shown  in  the  discussion  under  cellulose.  The 
extreme  case  of  sound  and  badly  rotted  wood  shows  an  in- 
crease of  10  per  cent  in  lignin. 

The  lignin  content  of  the  sulfite  pulps  made  from  sound 
and  infected  woods  remains  nearly  constant  and  depends 
upon  the  cooking  conditions  applied  in  reducing  the  wood  to 
pulp.  This  may  also  be  said  of  the  lignin  remaining  in  the 
pulps  made  by  the  soda  and  sulfate  processes.  The  high 
lignin  content  of  38.32  per  cent  in  soda  pulp  from  the  badly 

"  This  is  also  shown  in  the  work  of  B.  Johnsen  and  R.  W.  Hovey,  Paper, 
31  (1918),  No.  23,  46. 

"  Chem.-Zlg..  34  (1910),  461;  Cross  and  Bevan,  "Researches  on  Cellu- 
lose," III  (1905-10),  39. 


rotted  wood  is  a  result  of  the  raw  cook,  due  to  the  fact  that 
the  wood  neutralized  the  alkali,  practically  at  the  beginning 
of  the  operation.  The  shght  increase  in  lignin  content  in 
infected  groundwood  pulp  is  due  to  the  larger  hot-  and  cold- 
water-soluble  materials  in  the  decayed  wood. 

HOT-  AND  COLD-WATER-SOLUBLE  CONSTANTS — These  Con- 
stants increase  to  a  very  great  extent  with  the  increase  in 
decay  of  wood  and  pulp.  Mahood  and  Cable"  found  that 
the  water-soluble  content  of  groundwood  pulp  increased  as 
a  result  of  infection.  Taking  for  example  the  extremes  of 
the  sound  and  infected  wood,  there  are  such  differences  as 
3.83  and  11.92  per  cent  hot- water-soluble  material  and  2.25 
and  6.58  per  cent  cold-water-soluble  material.  If  one  takes 
into  consideration  the  tremendous  loss  of  practically  12.00 
per  cent  of  the  total  wood,  when  pulping  infected  woods,  one 
can  see  what  this  means  to  the  manufacturer.  The  greatest 
losses  occur  in  the  groundwood  process.  A  mill  run  on 
sound  and  infected  spruce  showed  yield  figures  on  a  weight 
basis  of  84.5  and  78.5  per  cent,  respectively,  and  on  a  cord 
basis  a  yield  of  390  lbs.  more  per  cord  of  sound  wood  than 
were  obtained  per  cord  of  infected  wood.  Aside  from  these 
actual  losses  there  is  a  very  decided  further  loss  from  the 
decrease  in  quality  of  the  stock  made  from  infected  wood, 
which,  however,  cannot  be  accurately  estimated.  In  Table 
VI  (Sample  26)  it  is  shown  that  another  11  per  cent  hot- 
water-soluble  loss  is  sustained  when  infected  pulp,  stored 
for  6  mo.,  is  reduced  to  paper. 

ETHER-SOLUBLE  MATERIAL — According  to  the  data  on 
both  spruce  woods  and  pulps,  the  ether-soluble  material, 
consisting  of  resins,  waxes,  etc.,  does  not  change  materially 
with  increased  decay;  hence,  this  determination  is  not  a 
criterion  of  the  progress  of  decay. 

ALKALI-SOLUBLE  MATERIAL — The  values  obtained  upon 
treating  the  woods  and  pulps  with  solutions  of  1  per  cent  and 
7.15  per  cent  sodium  hydroxide  show,  in  general,  that  the 
infected  woods  are  less  resistant  to  alkaline  reagents.  There 
are  very  decided  increases  in  solubility  with  the  progress  of 
decay,  when  sound  and  infected  woods  and  pulps  made  from 
them  by  the  sulfite,  soda,  and  groundwood  processes  are 
treated  with  the  two  concentrations  of  alkali.  Such  differ- 
ences as  18.91  and  62.36  per  cent  strong-alkali-soluble  were 
found  in  sound  and  infected  wood,  respectively.  The  in- 
crease in  alkali  solubihty  with  increase  of  decay  was  almost 
as  striking  in  the  case  of  sulfite  pulps  made  from  these  woods. 

In  reducing  the  badly  rotted  wood  to  soda  pulp,  under  the 
same  cooking  conditions  as  were  used  for  sound  wood,  the 
alkali  Uquor  was  neutralized  or  made  inactive  practically  at 
the  beginning  of  the  cook.  This  resulted  in  a  very  raw  cook. 
These  results  are  confirmed  by  E.  Sutermeister  in  a  recent 
publication.'^  The  resulting  pulp,  as  would  be  expected, 
gave  a  very  high  alkali  solubility  compared  with  that  ob- 
tained from  pulp  made  from  slightly  infected  wood. 

The  alkali  solubility  values,  obtained  on  groundwood 
pulp  made  from  these  woods,  showed  an  increase  with  in- 
creased decay.  These  values,  however,  are  not  as  high  as 
those  resulting  from  direct  treatment  of  the  woods.  This 
wide  variation  is  accounted  for  in  the  fact  that  in  the  one 
case  the  analysis  was  made  on  waterleaf  paper  made  from 
the  pulp  and  in  the  other  on  the  wood.    In  the  drastic  treat- 

'»  "Decay  of  Pulpwood  and  Its  Effects  in  the  Soda  Process,"  Pulp  Paper 
Mag.  Can.,  19  (1921),  733. 
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ment  of  beating  and  screening  and  repeated  wasliings,  the 
finer  particles  which  show  the  greatest  solubility  in  alkali  are 
removed. 

The  extremely  high  value  of  62.80  per  cent  strong-alkali- 
soluble,  obtained  from  groundwood  pulp  (Sample  26,  Table 
VI)  infected  with  a  wood-destroying  fungus  and  stored  for 
6  mo.  in  sterile  bottles  at  constant  temperature  and  humid- 
ity, again  shows  a  direct  comparison  between  sound  and 
infected  woods»and  pulps. 

COPPER  NUMBER — This  value  is  a  measure  of  the  reducing 
power  of  the  woods  and  pulps.  The  data  show  a  large  in- 
crease in  this  value  with  increased  decay  in  the  woods.  The 
difference  in  this  value  for  pulps  is  not  nearly  as  marked 
except  in  the  case  of  infected  groundwood  pulp,  where  the 
copper  number  is  as  large  as  is  obtained  from  badly  rotted 
spruce  wood.  The  large  copper  values  in  the  decayed  woods 
and  pulps  are  due  to  the  cleavage  products  formed  by  the 
action  of  the  organisms  of  decay,  and  possibly  to  some  extent 
to  the  increase  in  lignin.'^ 

PENTOSANS  AND  METHYLPENTOSANS — The  yields  of  pento- 
sans obtained  from  the  sound  and  infected  spruce  woods 
appear  to  decrease  with  the  progress  of  decay,  while  the 
methylpentosan  content  increases  with  decay.  The  per- 
centages obtained  from  pulps  made  from  sound  and  decayed 
spruce  wood  give  no  uniform  values  from  which  conclusions 
might  be  drawn. 

Although  the  values  of  these  chemical  constants  are  a 
measure  of  the  content  of  pentosans  which  are  obtained  by 
the  Tollens  method, '*  a  number  of  compounds  introduce  an 
error  in  this  determination.  Oxycellulosc,  oils  or  waxes, 
and  fatty  decomposition  produc^ts"  yield  furfural,  the  error 
of  which  is  difficult  to  eliminate.  Altliough  a  correction  to 
lessen  this  error  has  been  worked  out,  it  may  be  seen  that  the 
difficulty  encountered  lies  in  obtaining  an  accurate  knowledge 
of  amounts  of  each  one  of  the  compoimds  which  introduce  the 
error. 

ASH — The  results  of  this  determination  are  of  little  value, 

"  E.  Heuser,  "Determimition  of  I.iKiiin,"  Paper,  27  (1921),  No.  23,  p.  24. 
'»  Ellett  and  Tollens,  J.  Landw.,  B3  (1905),  20. 
10  Browne,  "Handbook  of  Sugar  Analysis,"  4C2. 


because  the  mineral  content  of  woods  remains  practically 
unchanged  during  decay. 

Relation  of  Analytical  Constants  to  Per  cent 
Cellulose 

The  results  given  in  the  figure  show  at  a  glance  the  large 
losses  in  woods  and  pulps  due  to  infection  and  decay,  and 
indicate  how  the  chemical  constants  increase  or  decrease  with 
the  progress  of  decay. 

The  ceUulose  content  of  woods  and  pulps  is  undoubtedly 
the  constant  of  most  vital  importance  in  the  manufacture  of 
paper.  This  value  has,  therefore,  been  used  as  a  basis  for 
plotting  the  other  analytical  constants. 

Conclusions 

The  conclusions  from  the  chemical  standpoint  which  may 
be  drawn  from  this  work  are  that  in  all  cases  the  infected 
woods  produce  less  pulp  per  unit  weight  of  wood  than  the 
sound    woods. 

The  inferiority  of  the  infected  woods  over  the  sound  woods 
are: 

1 — The  cold-  and  hot-water-soluble  materials  increase  during  decay 
and  are  a  direct  loss  to  the  mills. 

2 — Higher  alkali-soluble  materials  are  found,  showing  a  lower  resistance 
to  the  action  of  chemical  reagents.  This  would  be  very  noticeable  in  a 
soda  or  sulfate  rail],  because  more  alkali  than  would  be  necessary  for  sound 
wood  would  be  required  to  accomplish  the  same  result. 

3 — There  is  an  increase  in  copper  number  showing  that  infected  wood 
contains  a  greater  amount  of  reducing  compounds. 

4 — In  most  cases  of  extreme  decay,  the  rate  of  degradation  of  lignia 
and  cellulose  is  selective  and  not  uniform. 

5 — Lower  percentage  of  a-  or  stable  cellulose,  higher  percentage  of  3- 
or  less  stable  cellulose. 

The  large  losses  sustained  in  converting  infected  woods  into 
pulps,  together  with  the  additional  losses  of  further  convert- 
ing these  pulps  (made  from  infected  woods  which  undergo 
further  decomposition  when  stored)  into  paper,  have  been 
pointed    out. 

The  paper  made  from  decayed  woods  and  pulps  is  dirty, 
brash,  and  has  very  little  strength.  It  requires  more  sizing, 
offers  difficulty  in  sticking  to  the  couch  and  press  rolls,  and 
foams   excessively. 

The  yield  of  finished  paper  is  greatly  reduced,  while  the 
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cost  of  production  is  increased,  because  the  decayed  chips 
occupy  the  same  space  in  the  digester  and  use,  therefore,  the 
same  amount  of  chemical  as  the  sound  wood,  and  in  some 
cases  more.  Decayed  wood  also  requires  the  same  ex- 
penditure in  grinding. 


When  it  is  remembered  that  the  pulp  yield  on  Northern 
woods  is  directly  proportional  to  the  weight  per  cubic  foot, 
it  becomes  clear  that  the  purchase  of  wood  weighing  28  or  24 
lbs.  per  cubic  foot  makes  a  decided  difference  in  the  weight  of 
actual  wood  cooked  per  day. 


The  Determination  of  the  "Bromine  Figure"  or  "Chlorine  Factor"  of  Pulp, 
and  the  Utilization  of  These  Quantities  in  Bleaching" 


By  Alfred  Tingle 
E.  B.  Eddy  Co.,  Ltd.,  Ottawa,  Ontario.  Canada 


The  object  of  the  work  here  described  was  to  find  a  method 
whereby  the  bleaching  quality  of  sulfite  spruce  pulp  could 
be  determined.  The  point  immediately  considered  was  how 
much  available  chlorine  should  be  consumed  per  unit  weight 
of  a  given  shipment  of  pulp,  and  the  time  factor,  which  is  also 
likely  to  vary  with  different  pulps,  was  not  inquired  into. 
It  was  desired,  first,  to  be  able  to  direct  the  workman  as  to  the 
amount  of  bleach  he  should  use  and  to  have  a  check  upon 
'him  should  he  indulge  in  extravagant  practices,  and,  secondly, 
to  be  able  to  apportion  blame  between  the  maker  of  the  pulp 
and  the  bleacher,  should  the  consimiption  of  chlorine  rise 
above  an  economical  figure. 

This  first  object  has  only  partly  been  attained  at  present. 
Owing  to  the  fact  that  the  pulp  must  be  dried  before  any 
result  can  be  obtained,  the  process  consumes  much  time  when 
applied  to  routine  control  work.  It  can,  also,  be  used  only 
by  a  man  versed  in  careful  analytical  procedure. 

The  second  object  has  been  fully  attained,  to  judge  by  the 
results  in  this  laboratory  and  mill.  Its  general  utility  and 
final  reliability  can,  however,  not  be  settled  by  work  done 
in  a  single  laboratory,  where  of  necessity  the  pulps  examined 
are  of  only  a  few  types.  The  work  is  now  published  in  the 
hope  that  it  may  be  duplicated  elsewhere,  receiving  criticism 
and,  if  necessary,  condemnation  as  the  result  of  extended 
experience. 

Preliminaht  Considerations 

CHOICE  OF  REAGENTS — There  seemed  to  be  three  possible 
classes  of  reagent  by  which  the  clilorine-consuming  power 
of  a  pulp  might  be  measured,  vis.,  (1)  compounds  which  react 
specifically  %\dth  lignone,  and  supposed  to  gi^'e  condensation 
products,  (2)  oxidizing  agents,  and  (3)  halogens  or  halogen- 
producing    compounds. 

Cross  and  Bevan's  pliloroglucinol  reaction  might  be  con- 
sidered as  a  type  of  the  first  class.  It  was  dismissed  as  too 
tedious  and  probably  not  sufficiently  sensitive.  Preliminary 
experiments  showed  that  nothing  could  be  based  on  the  ab- 
sorption of  an  aniline  salt  from  its  solution  by  lignone. 
The  quantity  of  amine  thus  withdrawn  is  small  in  proportion 
to  the  lignone  present,  and  the  action  is  possibly  one  of  solid 
solution  rather  than  chemical  combination. 

In  Class  2,  potassium  ferricyanide  was  tried,  while  mixtures 
of  potassium  permanganate  or  dichromate  with  hydrochloric 
acid  may  be  considered  as  belonging  to  either  Class  2  or  3, 
according  to  the  concentration  of  the  solutions  used.  In 
all  three  cases  it  was  found  that  under  experimental  conditions 
leading  to  the  attack  of  lignone,  cellulose  was  also  attacked, 
generally  to  a  marked  degree;  if  action  was  so  moderated  as 
to  leave  ceOulose  unacted  upon,  the  lignone  remained  also 
little  attacked. 

More  definitely  in  Class  3  come  chlorine  S,'nd  the  hypochlo- 

*  Presented  before  the  Section  of  Cellulose  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 

2  Received  May  28.  1921. 


rites,  bromine  and  its  related  compounds,  and  iodine  chloride. 
The  latter  was  experimented  with  dissolved  in  (a)  acetic 
acid,  (b)  h3'drochloric  acid,  and  (c)  carljon  tetracliloride,  and 
(d)  in  the  form  of  Hubl's  solution  applied  under  a  variety  of 
conditions.  In  general  it  may  be  said  that  when  concordant 
results  were  obtained  they  showed  either  that  no  action  had 
taken  place,  or  that  the  action  was  equivalent  to  the  use 
of  ordinary  iodine  solution. 

The  use  of  chlorine  or  a  hypochlorite  involves  certain 
manipulative  difficulties  and  is  made  the  more  undesirable 
from  the  constant  change  in  titer  of  such  solutions.  They 
have  been  worked  with  extensively,  but  no  accurate  and 
accepted  method  involving  their  use  has  yet  been  evolved. 

Bromine  does  not  present  quite  so  manj'  difficulties  at 
first  sight.  While  the  titer  of  bromine  water  does  not  remain 
constant,  a  solution  of  bromine  in  alkali  'will,  over  considerable 
periods,  give  the  same  amount  of  bromine  when  acidified. 
Thus  what  is  equivalent  to  a  permanent  standard  solution 
of  bromine  can  easily  be  prepared,  though  it  can  be  used  only 
in  acid  media.  The  relative  extent  of  action  of  bromine  on 
lignone  and  cellulose  is  not  well  known,  and  experiments 
made  to  elucidate  this  point  were  not  at  first  concordant. 

THE  MEANS  OF  OVERCOMING  DISCREPANCIES — As  ex- 
periments were  continued  it  became  apparent  that  discordant 
results  had  a  purely  mechanical  origin.  Liquid  reagents 
were  acting  upon  a  solid  pulp;  a  solid,  too,  which  had  in  some 
cases  been  rendered  very  nonabsorbent  in  the  drying  process 
to  which  it  had  been  subjected.  In  some  cases  reaction  did 
not  proceed  throughout  the  mass,  wlule  in  others  the  reacting 
liquid  held  in  the  pores  of  the  solid  differed  in  composition 
from  the  main  volume.  Experiments  were  then  made,  in 
the  course  of  which  the  cellulose  was  completely  dissolved 
before  adthtion  of  the  reagent,  and  concordant  results  became 
the  rule. 

The  solvent  chosen  was  a  mixture  of  9  volumes  HCl 
(sp.  gr.  1.19)  to  which  was  added  1  volume  HjSOj  (sp.  gr. 
1.84).  The  mixture  could  be  made  before  being  added  to  the 
pulp,  but  in  some  cases  solution  was  better  effected  by  first 
saturating  and  disintegrating  the  pulp  with  hydrocliloric 
acid,  then  adding  the  requisite  amount  of  sulfuric  acid,  which 
formed  a  gelatinous  but  clear  solution.  When  water  was 
added,  cellulose  was  precipitated  from  this  solution  in  such 
a  fine  state  of  division  that  it  was  readily  penetrated  by 
reagents. 

Any  chemical  change  in  the  cellulose  which  may  accompany 
these  physical  changes  is  not  important  in  the  present  work 
so  long  as  the  new  products  are,  like  the  cellulose,  unattacked 
by  the  reagents  used  in  determining  the  lignone. 

Experiments  made  with  hypoclilorites,  even  after  the  adop- 
tion of  this  solvent,  continued  to  give  discrepant  results. 
This  was  attributed,  at  least  in  part,  to  the  mechanical  loss  of 
clilorine,  which  could  be  avoided  only  by  using  elaborate 
apparatus.  Bromine  was  not  subject  to  this  difficulty  and 
experiments  were  continued  with  that  reagent. 
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Interaction  of  Bromine  and  Dissolved  Pulp' 
ACTION  of  bromine  ON  DISSOLVED  CELLULOSE — Filter  paper 
of  various  standard  grades  was  taken  as  sufficiently  pure 
cellulose  for  the  purpose.  Weighed  quantities  of  the  paper 
were  dissolved  in  acid  and  a  measured  volume  of  bromine 
solution  was  added  to  each.  After  standing  in  tightly  stop- 
pered vessels  for  a  predetermined  time,  excess  of  potassium 
iodide  was  added.  The  mixtures  were  then  largely  diluted, 
and  the  free  iodine  titrated.  The  details  of  manipulation 
were  the  same  as  those  described  below  for  the  investigation 
of  unbleached  pulps. 

It  had  been  assumed  that  all  these  filter  papers  would  be  of 
thoroughly  bleached  stock  and  free  from  antichlor.  The 
results,  as  shown  in  Tal)le  I  which  follows,  did  not  quite 
bear  out  that  belief.  Expts.  1  to  5  on  Sample  A  show  that 
some  constituent  was  present  which  reacted  with  bromine, 
but  that  this  reaction  was  completed  within  the  first  90  min. 
and  was  almost  completed  within  the  first  40  min.  Had  the 
action  been  between  bromine  and  cellulose,  it  would  not  have 
so  quickly  come  to  an  end.  Sample  B  (Expts.  6  and  7) 
reacted  with  bromine  to  a  less  extent,  the  reaction  being  com- 
pleted in  30  min.  or  less.  The  remaining  three  samples  of 
paper  seem  to  be  purer  cellulose  and  showed  no  reaction  with 
bromine  in  30  min.  or  more.  It  seems  a  safe  conclusion  that, 
under  the  experimental  conditions,  bromine  does  not  react 
with  cellulose  itself. 


Table  I 

EXPT. 

No. 

Weight  of 

Filter  Paper 

Gram 

Time  of 

Action  of 

Bromine 

Min. 

0.1  W  Bromine 

Solution 

Consumed 

Cc. 

Sample 

of  Filter 

Paper 

Used 

1 
2 
3 
4 
5 

0.6025 
0.6635 
0.6685 
0.6635 
0.6953 

40 

60 

90 

120 

150 

0.6-1 

0.7 

0.8 

0,8 

0.8 

A 

6 

7 

0.5878 
0.5840 

30 
90 

0.3) 
O.3J 

B 

8 

9 

10 

11 

0.5210 
0.5458 
0.5300 
0.5730 

30 

40 

60 

120 

O.O1 
0.0 
0.0 
0.1 

C 

12 

0.6356 

30 

0.0 

D 

13 

0.6413 

30 

0.0 

E 

ACTION    OF     BROMINE     ON    UNBLEACHED     SULFITE     SPRUCE 

PULP — Experiments  were  made  in  a  manner  similar  to  the 
foregoing,  substituting  an  unbleached  sulfite  spruce  pulp  for 
the  "pure"  ceUulose.  Samples  were  in  every  case  taken  from 
the  same  small  sheet  of  pulp,  the  only  variation  in  the  ex- 
periments being  the  time  factor.  The  results  were  calcu- 
lated to  a  common  basis  for  which  the  term  "bromine  figure" 
is  suggested.  This  is  defined  as  the  weight  in  grains  of  pulp 
which  reacts  with  1  cc.  of  0.1  A'  bromine  solution.  The 
"bromine  figure"  calculated  from  each  determination  is 
shown  in  the  fourth  column  of  Table  II.  It  should  be  re- 
marked that  where  several  detei-minations  have  been  made 
for  a  given  time  of  action,  they  have  been  made  on  different 
occasions  and  under  as  widely  different  circumstances  as  the 
method  of  manipulation  can  permit. 

A  study  of  these  figures  led  to  the  following  conclusions: 

1 — More  than  50  per  cent  of  the  reaction  takes  place  in  the 
first  10  min. 

2 — After  20  to  30  min.  there  is  a  pause  in  the  changes  which 
occur.  It  seems  as  though  a  definite  stage  in  the  reaction  were 
reached,  and  as  though  no  further  bromine  was  consumed  till 
this  stage  was  completed. 

3 — For  this  jo-min.  time  interval  all  determinations  on  the  same 
pulp  agree  very  closely. 

4 — After  the  stage  which  is  reached  in  30  min.  the  reaction 
becomes  more  irregular.  Determinations  made  at  the  end  of  a 
60-min.  period  show  poor  agreement  inter  se. 

'  In  tlie  following  experiments  it  must  be  understood  that  by  "deci- 
normal  bromine  solution"  is  meant  a  solution  of  bromine  in  dilute  alkali, 
of  such  strength  that  when  added  to  an  acid  medium  it  liberates  the  amount 
of  bromine  contained  in  the  same  volume  of  deciiionual  bromine  solution. 


Table  II 

ExPT. 

No. 

Weight  of 

Dry  Pulp 

Gram 

0.1  TV  Bromine 
Solution 
Consumed 
Cc. 

'Bromine 

Figure" 

Total  Time  of 

Action  of 

Bromine 

Min. 

1 

0.6086 

5.15 

0.118     ■ 

10 

2 

0.5745 

5.15 

0.111 

20 

3 
4 

5 

0.6460 
0.6413 
0.6278 

5.75 
5.75 
5.65 

0.112) 
O.llU 
O.llli 

30 

6 

0.6390 

6.00 

0.106 

40 

7 
8 
9 

0.6245 
0.6345 
0.7257 

5.85 
6.60 
6.60 

0.106 
0.096  ■ 
0.110 

60 

10 
11 
12 

0,6970 
0.6925 
0.7170 

7.20 
7.00 
7.20 

0.096) 
0.099^ 
0.099  i 

90 

13 

0.7620 

7.80 

0.096 

120 

14 

0.6865 

7.10 

0.096 

ISO 

5 — After  90  min.  the  reaction  appears  to  be  complete.  Bro- 
mine figures  calculated  for  90,  120,  and  150  min.  show  a  fair 
agreement. 

THE  "thirty-minute  BROMINE  FIGURE"  AND  THE  "CHLO- 
RINE factor"  CONSIDERED  AS  CONSTANTS — Examination 
of  other  pulps  confirms  the  deduction  that  the  bromine  which 
reacts  in  30  rain,  is  a  fairly  definite  constant.  Analytical 
results  can  be  calculated  into  another  form,  however,  which 
is  more  convenient  for  ultimate  use  than  the  bromine  figure. 
The  quantity,  which  has  been  named  the  "Chlorine  Factor" 
of  a  pulp,  is  defined  as  the  weight  of  chlorine  equivalent  to 
the  bromine  reacting  with  100  parts  of  pulp  in  30  min.    This 

.       ,    .      ,      100  X  0.0035  ,.      ^, 

IS    obviously  , : ;;; ,  or  more  directlv 

bromine  figure 

100  X  0.0035  X  cc.  of  0.1  N  Br  consumed 

weight  of  pulp  sample 

The  results  of  determinations  of  these  constants  on  six  pulps 

having  very  different  histories  are  given  in  Table  III  and  show 

the  extent  of  agreement  which  may  be  expected. 


Table  III 

0.1  N 

ExPT. 

No. 

Weight  of 

Dry  Pulp 

Gram 

Bromine 

Solution 

Consumed 

Cc. 

"30-Minute 

Bromine 

Figure" 

"Chlorine 
Factor" 

Sample 
No. 

1 
2 

0,6135 
0.7160 

3.60 
4.20 

0.1704 
0.1704 

2.0831 
2.082 

A 

3 

4 

0.6570 
0.6490 

3.30 
3.30 

0.1990 
0.1966 

1.783 
1.805 

B 

5 
6 

0.5267 
0.6880 

4.70 
5.90 

0,1120 
0.1166 

3.168  1 
3.044: 

C 

7 
8 

0.7575 
0.7795 

6.80 
7.10 

0.1114 
0.1098 

3,186 
3,233 

D 

9 
10 

0.7722 
0.7347 

4.40 
4.20 

0.1755 
0.1749 

2.023 
2.029 

E 

11 
12 
13 

0.6278 
0.6413 
0  6460 

5.65 
5.75 
5.75 

0.1111 
0.1112 
0.1123 

3.194 
3,183  ■ 
3.159 

F 

The  determinations  on  Sample  C  do  not  agree  as  closely  as 
they  should,  but  in  setting  forth  this  work  no  eliminations 
have  been  made  except  where  a  known  fault  of  manipulation 
has  led  to  ob\'ious  error. 

The  difference  between  the  determinations  on  Sample 
D  amounts  to  0.047  in  the  chlorine  factor.  When  the  prac- 
tical application  of  the  constant  is  explained,  it  will  be  seen 
that  this  difference  has  slight  significance. 

Utilization  op  the  "Chlorine  Factor" 

It  is  obvious  enough  that  the  chlorine  factor  is  not  the 
weight  of  chlorine  required  to  bleach  100  parts  of  pulp. 
The  experience  of  this  mill  is  that  it  does  bear  a  simple  and 
definite  relation  to  the  latter  quantity. 

It  is  now  suggested  that  for  a  well-washed  pulp  the  weight 
of  chlorine  required  to  bleach  100  lbs.  drv  weight  =  chlorine 
factor  X  K. 

It  may  be  found  that  K  varies  accoriling  to  the  practice 
of  different  mills.     As  bleaching  is  carried  out  at  tiie  mill  ■ 
where  these  experiments  wore  made,  the  value  determined 
is  3. 
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Thus,  a  certain  pulp  was  found  to  have  consumed  6.03 
lbs.  of  chlorme  per  100  lbs.  of  dry  material,  in  the  ordinary- 
run  of  mill  practice,  excess  of  bleach  being  added  and  the 
amount  of  this  excess  determined.  The  same  washed 
pulp  showed  a  chlorine  factor  2.026,  so  that  the  calculated 
weight  of  chlorine  required  to  bleach  100  lbs.  was  6.078  lbs. 
Agi'eement  of  theory  and  mill  practice  could  not  well  be  closer. 

It  need  hardly  be  said  that  bad  methods  such  as  negUgent 
washing,  excessive  temperature,  etc.,  will  affect  the  apparent 
value  of  K.  Whether  its  value  will  be  the  same  in  everj^  well- 
conducted  mill  can  be  decided  only  by  the  extended  observa- 
tions of  many  competent  observers.  It  would  be  of  great 
interest  to  know  also  whether  this  method  is  applicable  to 
pulps  of  entirely  different  tj'pes  made  from  different  woods 
and  by  different  processes.  It  is  too  early  to  speculate  as  to 
whether  the  fact  that  K  =  3  (at  least  for  certain  bleaching 
methods)  has  any  theoretical  significance,  but  if  this  value 
is  found  to  be  a  general  one,  a  theoretical  reason  might  be 
suggested. 

Detailed  Description  of  Analytical  Method 

PREPARATION  OF  BROiUNE  SOLUTION — Add  8  g.  of  bromine 
to  100  cc.  N  NaOH  solution,  agitate  till  solution  is  complete, 
then  boU.  When  cool,  dilute  to  1  liter.  Standardize  by 
adding  potassium  iodide  to  a  known  volume,  acidifying  with 
hydrocliloric  acid  and  titrating  the  liberated  iodine  against 
0.1  A'  sodium  thiosulfate  solution. 

The  above  product  remains  for  weeks  without  appreciable 
change  in  strength  and  when  run  into  an  acid  solution  is 
equivalent  to  a  0.1  A'  solution  of  bromine. 

PREP.iRATiON  OK  "acid  SOLVENT" — Into  a  flask  containing 
450  cc.  of  hydrochloric  acid  (sp.  gr.  1.19)  pour  slowly  50  cc.  of 
sulfuric  acid  (sp.  gr.  1.84).  Mix  thorouglily  and  allow  to 
cool  This  mixture  will  generally  gelatinize  and  dissolve 
pulp  in  a  few  minutes.  Sometimes,  especially  when  the 
pulp  has  not  been  e\'enly  compressed,  it  is  better  dissolved 
by  adding  the  acids  separately  and  successively  in  the 
reaction  vessel,  allowing  the  hydrocliloric  acid  to  disintegrate 
the  pulp  before  the  sulfuric  acid  is  added. 

ANALYTICAL  PROCEDURE — Weigh  the  dry  pulp  (0.6  to 
0.75  g.)  into  a  dry  flask  or  bottle  (about  200  cc.)  ha\ing  a 
well-ground  glass  stopper.  Add  30  cc.  of  the  "acid  solvent" 
described  above  and  agitate  till  solution  is  complete,  or  add 
27  cc.  of  hydrochloric  acid  (sp.  gr.  1.19),  shake  till  the  pulp  is 
disintegrated,  add  3  cc.  of  sulfuric  acid  (sp.  gr.  1.81),  and  shake 
again.  It  is  essential  at  tliis  stage  that  the  solution  be  quite 
free  from  hard,  unchanged  cores  of  pulp.  When  uniformity 
has  been  obtained,  add  a  measured  volume  (20  or  25  cc.) 
of  the  alkaline  0.1  A^  bromine  solution,  shake  well,  and  allow 
to  stand  for  30  min.  with  occasional  gentle  agitation.  Check 
the  reaction  by  adding  2  g.  of  potassium  iodide  dissolved  in 
about  25  cc.  of  water  and  shaking  weU.  Dilute  as  largeh' 
as  the  capacity  of  the  reaction  vessel  renders  convenient, 
and  titrate  with  0.1  N  sodium  thiosulfate.  Toward  the 
end  of  the  titration  starch  paste  may  be  added  advantageou.sly, 
but  disappearance  of  the  blue  color  is  not  a  sign  that  the 
end-point  has  been  reached.  There  remains  a  little  iodine 
dissolved  in  the  finely  divided  cellulose,  to  which  it  gives  a 
reddish  brown  tint.  The  thiosulfate  should  be  added  very 
slowly  toward  the  end,  and  each  .addition  should  be  followed 
b)^  prolonged  and  very  vigorous  shaking.  Finally  the  red 
tint  of  the  cellulose  precipitate  disappears,  leaving  a  cream- 
colored  or  white  suspension.  This,  the  true  end-point,  can 
be  read  within  0.1  cc.  after  a  little  practice,  and  back-titration 
with  0.1  N  iodine  solution  can  be  resorted  to  in  case  it  Ls  over- 
run. Persistence  of  blue  or  purple  spots  after  aU  other  color 
has  disappeared  is  due  to  the  pulp  not  having  been  thorouglily 
disintegrated  by  the  acid  solvent.  The  titration  will  be 
untrustworthy  in  proportion  as  these  spots  are  large  and 


numerous;  the  iodine  which  they  contain  leaches  out  only 
slowly  and  somewhat  imperfectly — too  slowly  to  make  a  good 
titration  possible. 

CALCULATION  OF  RESULTS — This  IS  best  shown  by  an  actual 
example. 

Weight  of  dry  pulp  =  0.7722  g. 

Volume  of  alkaline  bromine  solution  =   20.0  cc. 

Standardization  showed  20  cc.  bromine  solution  =  21.1  cc.  0.1  N  NaiSiOa 

Buret  reading  after  titration  of  pulp  =  16.8  cc.  0.1  iV  NaiSiOi 

Bromine  consumed  by  pulp  =  4.3  cc.  0.1  N  solution 

..Tj        ■       c         „         0.7722 
Bromine  figure      =    =   0.1796 

4.3 


and  "Chlorine  factor" 


4.3  X  0.00355  X  100 
0.7722 


1.977 


SUIEVLVRY 

1 — The  extent  to  which  bromine  solutions,  approximately 
decinormal,  act  on  cellulose  and  on  unbleached  sulfite  spruce 
pulp  has  been  investigated. 

2 — It  is  found  that  accurate  measurements  are  possible 
only  when  the  material  is  brought  into  solution,  e.  g.,  by 
certain  mineral  acids,  before  treatment  with  bromine. 

3 — Under  these  circumstancas  there  is  no  reaction  between 
bromine  and  cellulose  within  30  min. 

4 — Reaction  between  bromine  and  pulp  (containing 
hgnone)  seems  to  proceed  in  definite  steps,  one  of  which  is 
completed  within  30  min. 

5 — From  m.easurements  of  this  action,  a  quantity  is  found 
which  bears  a  definite  and  simple  relation  to  the  chlorine 
consumption  in  bleaching. 

6 — The  method  of  manipulation  is  described  in  detail. 


Civil  Service  Commission  Announcements 

The  United  .States  Civil  Service  Commission  has  announced 
the  following  examinations  to  fill  vacancies  in  the  Bureau  of 
Standards:  Junior  aid  at  $720  to  S8-i0,  laboratory  apprentice 
at  S540,  laboratory  assistant  junior  grade  at  SIOOO,  senior 
aid  at  S900,  engineer  at  S2800  to  $4000,  associate  engineer  at 
S2000  to  S2800,  assistant  engineer  at  SI 500  to  S1800,  technologist 
at  S2800  to  $4000,  associate  technologist  at  S2000  to  $2800, 
and  assistant  technologist  at  $1500  to  $2000.  On  account  of  the 
needs  of  the  Service,  applications  will  be  received  until  further 
notice.  Papers  will  be  rated  as  received  and  certification  made  if 
the  needs  of  the  Service  require. 

On  January  11.  March  8,  and  May  17,  1922,  examinations 
will  be  given  to  fill  the  following  vacancies  in  the  Bureau  of 
Standards:  Junior  engineer  at  $1200  to  $1500,  and  junior 
technologist' at  $1200  to  $1500. 

On  January  11,  1922,  the  following  examinations  will  be 
given  to  fill  vacancies  in  the  Chemical  Warfare  Service,  Edge- 
wood  Arsenal,  Md.:  Chemical  laboratorian  at  $1200  to  $1500, 
chemisti,at,$3600ito  $5000,  associate  chemist  at  $2500  to  $3600, 
and  assistant  chemist  at  $1800  to  $2500. 

For  further  details  in  regard  to  these  examinations,  appli- 
cation should  be  made  to  the  U.  S.  CivU  Service  Commission, 
Washington,  D.  C. 


Short  Course  in  Ceramic  Engineering 

The  regular  biennial  two  weeks'  short  course  in  Ceramic 
Engineering  will  be  given  next  January  at  the  University  of 
Illinois,  between  the  dates  of  January  23  and  February  4.  The 
subjects  covered  will  include  elementary  physics  and  chemistry; 
the  origin,  classification,  winning  and  refining,  and  testing  of 
clays;  the  shaping,  drying,  and  burning  of  clay  products;  bodies 
and  glazes;  the  technology  of  glass;  refractories  and  refractory 
products;  kiln  construction;  coal  and  gas  fuels;  engines  and 
boilers,  dynamos  and  motors,  equipment  control;  pyrometry; 
drafting  and  reading  of  drawings;  and  business  law. 

The  complete  program  will  be  ready  for  distribution  early  in 
Januar>'  and  copies  may  be  secured  by  addressing  the  Depart- 
ment of  Ceramic  Engineering,  University  of  Illinois,  Urbana, 
111.  The  course  is  open  to  all  who  are  interested  and  can  be 
taken  to  advantage  by  any  one  having  a  common  school  edu- 
cation.    There  are  no   tuition  fees. 
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Effect  of  Adding  Various  Chemicals  to  Wood  Previous  to  Distillation 


By  L.  F.  Hawley 

Forest  Products  Laboratory,  Madison,  Wisconsin 


This  investigation  is  a  continuation  of  Palmer's  work  on 
"The  Effect  of  Catalyzers  on  the  Yield  of  Products  in  the 
Destructive  Distillation  of  Birch."*  A  new  title  has  been 
chosen  since  it  is  not  wished  to  imply  that  the  action  in  all 
cases  is  truly  catalytic  and  since  it  is  not  intended  to  limit 
the  work  to  one  species  of  wood. 

Aside  from  Palmer's  work,  in  which  the  wood  was  treated 
with  phosphoric  acid,  the  only  publication  on  the  subject  is 
a  recent  short  note^  without  details,  in  which  it  is  stated  that 
when  wood  is  distilled  in  the  presence  of  three  or  more  parts 
of  lime  the  acid  yield  (in  form  of  acetone)  is  greatly  increased. 
Nothing  is  said  about  an  effect  on  the  yields  of  alcohol. 

Different  distillation  methods  from  those  used  by  Palmer 
were  used  in  the  present  study  in  order  to  develop  a  simpler 
process  and  one  which  could  be  used  for  maintaining  an  even 
mixture  of  sawdust  with  insoluble  materials  such  as  lime. 
The  sawdust  was  mixed  with  the  solid  material  if  an  insoluble 
chemical  was  used  or  was  saturated  with  a  solution  of  the 
chemical,  then  dried  if  necessary,  and  pressed  into  briquets 
2  in.  in  diameter  and  about  1  in.  in  thickness.  These  briquets 
were  distilled  in  a  tube  furnace  under  sufficient  mechanical 
pressure  to  prevent  them  from  falling  apart,  and  the  products 
were  collected  and  analyzed  in  the  usual  manner.  This 
general  method  of  distillation  had  been  used  in  a  previous 
investigation  and  was  found  to  be  simple  and  satisfactory.'' 

Silver  Maple  Sawdust 

PHOSPHORIC  ACID — The  results  of  several  trials  with 
phosphoric  acid  are  shown  in  Table  I.  With  wood  treated 
with  three  different  concentrations  of  the  acid  (0.5, 1,  and  1.5), 
there  was  a  slight  decrease  in  the  yield  of  alcohol  and  a  slight 
increase  in  the  yield  of  acid  as  compared  with  untreated 
wood,  although  the  increase  and  decrease  did  not  follow  a 
regular  order  according  to  the  amount  of  acid  used.  The 
increase  in  jield  of  acid  was  not  sufficient  to  make  phosphoric 
acid  treatment  a  promising  process,  especially  since  the 'al- 
cohol was  slightly  decreased.  The  only  distillation  of  wood 
treated  with  phosphoric  acid  in  which  a  large  >ield  of  acid  was 
obtained  reported  by  Palmer  was  made  by  distillation  under 
high  pressure,  a  condition  which  could  not  be  readily  obtained 
in  commercial-sized  apparatus.  Apparently,  the  use  of 
phosphoric  acid  under  ordinary  conditions  of  pressure  is  not 
promising. 

lime — Lime  was  tested,  mixed  with  the  sawdust  both  in 
the  form  of  dry  lime  and  milk  of  lime.  The  only  noticeable 
effect  of  small  percentages  of  lime  was  a  decrease  in  the 
amount  of  acetic  acid.  With  larger  proportions  of  lime,  as 
shown  in  Table  I,  there  was  a  noticeable  increase  in  the  al- 
cohol yield.  This  alcohol  yield  was  determined  by  the 
specific  gravity  of  a  fraction  of  the  distillate  after  recUstiUation 
with  alkali  and  acid.  It  was,  therefore,  not  a  determination 
of  pure  methyl  alcohol,  but  included  also  acetone  and  other 
materials  witla  low  gravities.  Contrary  to  expectation,  this 
increase  in  total  alcohol,  constituents  was  not  due  to  an  in- 
crease in  the  acetone  content.  Acetone  determinations 
were  made  in  all  cases  wth  the  results  varying  only  between 
0.01  and  0.05  per  cent,  which  is  not  sufficient  to  require  any 
further  discussion.    This  corresponds  with  Bassett's  state- 

»  Presented  before  the  Section  of  Cellulose  Chemistry  at  the  61st 
Meeting  of  the  American  Chemical  Society,  Rochester,  N.  Y.,  April  26  to  29, 
1921. 

»  This  Journal,  10  (1918),  201. 

>  H.  P.  Bassctt,  Chem.  Mel.  lini;.,  20  (1919),  190. 

<  Hawley,  Tins  Journal,  IS  (1921),  301. 
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.Al  AL. 

Per  cent 

Per  cent 

Pet  cent 

Remarks 

Maple 

1.61 

5.22 

Av.  of  4  runs 

ilaPOi 

0.5 

1.51 

5.67 

Av.  of  2  runs 

HjP04 

1.0 

1.24 

5.39 

HsPO. 

1.5 

1.55 

5.40 

Ca(OH)!=s 

:60% 

CaO 

2.45 

0.48 

CaO 

60 

1.94 

0.65 

CaCOs  o 

40%  CaO 

2.08 

4.69 

CaCOi  o 

20% 

CaO 

1.95 

6.13 

Av.  of  2  runs 

CaCOa   o 

10% 

CaO 

1,80 

5.20 

NaiCOj 

20 

0.84 

0.21 

NajCOi 

10 

2.00 

2,40 

Av.  of  2  runs 

NaiCO. 

5 

1.72 

3.40 

Av.  of  3  runs 

NaiCOi 

3 

2.06 

4,25 

Av.  of  3  runs 

NaiCOs 

1.5 

2,39 

5.26 

Av.  of  3  runs 

NaiCOi 

1.0 

1.94 

5.02 

Av.  of  2  runs 

NaiCOa 

0.5 

1.61 

5.32 

Av.  of  2  runs 

Na.SiOa 

1 

1.78 

4.87 

NaiSiOi 

3 

2.21 

5.77 

MgO 

5 

1.57 

5.22 

MgO 

10 

1.65 

4.11 

White  Oak 

1.17 

4.91 

Av.  of  2  runs 

Na.COa 

6;5 

2.58 

5.09 

NaiCOa 

1.0 

1.99 

3.86 

Av.  of  2  runs 

NaiCOi 

1.5 

2.47 

3.40 

FejO, 

10 

1.16 

3.78 

FejOa 

5 

1.08 

4.37 

MgO 

20 

1.21 

3.57 

MgO 

5 

1.14 

2.77 

MgCl. 

10 

0.49 

MgCl. 

20 

0,36 

ment  that  large  acetone  yields  were  obtained  only  when 
three  times  as  much  lime  as  wood  was  used. 

The  results  obtained  with  lime  are  very  interesting  in  the 
large  yields  of  wood  alcohol  obtained,  but  the  greatly  de- 
creased yields  of  acid  make  the  method  unpromising. 

CALCIUM  CARBONATE — Several  runs  were  made  with  cal- 
cium carbonate  instead  of  calcium  hydroxide  in  an  attempt 
to  maintain  the  high  alcohol  yields  without  decreasing  the 
acid.  With  large  amounts  of  calcium  carbonate  high  yields 
of  alcohol  were  obtained  with  only  slightly  decreased  acid 
yields.  V.'ith  smaller  amounts  of  carbonate  the  yields  of 
acid  were  about  normal  while  the  .alcohol  yields  were  stiU 
increased  to  some  extent.  However,  the  amount  of  carbonate 
required  to  obtain  satisfactory  results  w.as  so  great  that  the 
value  of  the  charcoal  was  seriously  diminished.  Only  in 
cases  where  the  ch.arcoal  was  not  considered  of  much  value  or 
where  it  might  be  used  as  fuel  in  the  near  vicinity  of  the  plant 
might  this  process  be  promising. 

It  might  be  supposed  that  the  lime  or  carbonate  was  partly- 
transformed  into  calcium  acetate  during  the  first  part  of  the 
distillation  and,  if  the  temperature  was  not  great  enough  to 
decompose  it,  a  residue  of  calcium  acetate  might  be  left  with 
the  charcoal.  This  was  tested  out  in  several  cases,  but  not 
more  than  a  slight  trace  of  calcium  acetate  was  found  in  the- 
charcoal. 

SODIUM  CARBONATE — The  first  few  distillations  with  large 
amounts  of  sodium  carbonate  material  were  unsatisfactorj'. 
The  distillations  were  rather  \iolent  at  times  and  low  yields; 
of  both  alcohol  and  acid  were  obtained.  This  is  shown  im 
Table  I,  where  the  use  of  20  per  cent  sodium  carbonate  gives 
very  unpromising  results.  With  10  per  cent,  however,  a 
slightly  increased  yield  of  alcohol  was  obtained,  although 
the  acid  was  still  low.  The  amount  of  carbonate  was  grailu- 
ally  decreased,  until  with  1.5  per  cent  a  large  increase  in 
alcohol  was  obtained  without  any  decrease  of  acid.  Smaller 
amounts  of  carbonate  were  not  so  satisfactory,  altiiough  even 
with  1  per  cent  a  considerable  increase  in  alcohol  was  obtained. 
These  effects  of  sodium  carbonate  on  the  reaction  of  the 
decomposition  of  wood  by  heat  are  difficult  to  explain> 
especially  the  frequent  increase  of  acid  yields  due  to  an 
alkaline    treatment.    In    several    cases    tlic    charcoal    was 
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leached  and  the  soluble  salt  examined.  More  than  20  per  cent 
of  the  sodium  was  never  found  in  the  form  of  acetate,  and 
this  acetate  never  amounted  to  more  than  0.3  per  cent  of 
acetic  acid  on  the  weight  of  the  wood  distilled. 

soDiu.M  SILICATE — Sodium  silicate  acts  as  a  mild  alkali 
similar  to  sodium  carbonate.  Similar  results  were  obtained, 
although  slightly  larger  amounts  of  silicate  were  apparently 
required  to  give  the  same  increase  in  yields. 

MAGNEsrOM  OXIDE — Magnesium  o.xide  was  used  in  concen- 
trations of  5  and  10  per  cent  without  appreciable  increases 
in  yields  of  either  alcohol  or  acid. 

White  Oak  Sawdust 

AH  of  these  distillations  were  made  with  the  same  lot  of 
sawdust  from  silver  maple.  The  rest  of  the  results  reported 
in  Table  I  were  on  white  oak  sawdust,  and  in  comparing  these 
wdth  previous  results  it  should  be  noted  that  the  blank  runs 
with  oak  where  no  chemical  was  used  gave  considerably 
lower  jaelds,  especially  of  .alcohol.  Sodium  carbonate  seems 
to  have  an  even  greater  effect  on  the  alcohol  \'ields  of  oak  than 
on  those  of  maple.  With  as  little  as  0..5  per  cent  of  sodium 
carbonate,  one  distillation  gave  double  the  yield  of  alcohol  and 
slightly  increased  yields  of  acetate.  The  results  obtained 
with  1  and  1.5  per  cent  were  not  so  satisfactory,  especially 
on  account  of  the  small  acid  yields,  but  high  alcohol  yields 
were  obtained  in  both  cases. 

Iron  oxide  mixed  \rith  the  sawdust  in  5  and  10  per  cent 
proportions  did  not  show  any  promising  results.  The 
same  was  found  in  connection  with  the  use  of  magnesium 
oxide  and  magnesium  chloride.  In  the  case  of  the  latter 
•chemical,  high  acid  jnelds  were  recorded  but  tests  showed 
that  there  was  chloride  present  in  this  acid. 

These  results  obtained  with  briquetted  sawdust  indicated 
that  sodium  carbonate  was  the  most  favorable  chemical  for 
further  tests,  both  on  account  of  its  cheapness  and  its  effect 
o'u  the  yields  of  alcohol.  Further  experiments  were,  there- 
fore, carried  out  \vith  this  chemical  upon  wood  in  larger  sizes. 
Tests  on  Blocks  of  Wood 

Blocks  of  wliite  oak  and  maple  wood  6  in.  long  were  treated 
with  a  solution  of  sodium  carbonate  under  100  lbs.  pressure 
so  that  a  fairly  uniform  penetration  of  the  solution  was  ob- 
tained. In  the  case  of  the  maple  blocks  the  distribution  of  the 
solution  was  especially  complete.  In  the  oak  blocks,  how- 
ever, it  was  only  the  sapwood  where  penetration  to  the  center 
was  obtained,  the  heartwood  showing  only  a  slight  penetra- 
tion of  perhaps  0.5  in.  The  blocks  were  distilled  in  the  oil- 
jacketed  retort  in  which  previous  wood  distUlation  experi- 
ments have  been  made,  and  the  results  were  compared  with 
some  of  the  same  blocks  which  were  distilled  without  pre\-ious 
chemical  treatment.     Table  II  shows  the  results  of  these 
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4.2 

7.5 

32.6 

46.6 

16.7 

11.7 

5.56 

1.20 

0.52 

Pressure 

5.1 

5.5 

32.5 

42.5 

20.0 

10.5 

4.71 

1.85 

1.03 

Pressure 

5.1 

4.7 

31.2 

42.3 

21.5 

9.7 

5.. 58 

1.79 

1.26 

Soaked 

5.2 

6.7 

32.1 

43.4 

19.4 

11.9 

5.66 

1.40 

MaplB 

5.0 

9.0 

38.8 

38.7 

17.5 

14.0 

7.65 

1.67 

o'.68 

Pre*  art 

6.3 

4.0 

35.8 

36.3 
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Soa      (1 

6.2 

5.4 

30.2 

37.1 

24.8 

12.7 

4.35 

1.80 

distiUal  <•  ^  the  case  of  the  oak  blocks  a  50  per  cent 
increase  la  \\  Icohol  was  obtained  with  no  decrease  in  the 
acetic  acid  '  aries  of  runs  (with  1.03  per  cent  carbonate), 

with  a  slight  uecrease  in  the  other  series  (with  0.52  per  cent 
carbonate).  It  is  difficult  to  account  for  this  decrease  in  acid 
where  a  smaller  amount  of  sodium  carbonate  was  used,  but 


since  all  of  the  results  given  in  the  table  were  obtained  from 
average  figures  on  two  distillations  the  results  cannot  be  very 
inaccurate.  In  the  case  of  the  maple  blocks  there  was  a 
pronounced  increase  of  alcohol  (with  0.08  per  cent  and  with 
1.12  per  cent  carbonate),  but  in  both  series  of  runs  the  acetic 
acid  was  very  considerably  decreased.  The  question  of  the 
decrease  in  acid  yields  needs  to  be  studied  further  since 
the  results  were  erratic.  In  some  distillations  a  slight  in- 
crease appeared,  while  in  other  runs  there  was  a  very  con- 
siderable decrease  in  acid. 

In  order  to  show  the  effect  of  the  sodium  carbonate  when 
not  weD  distributed  throughout  the  wood,  runs  were  made  on 
both  oak  and  maple  blocks  wliich  had  simply  been  soaked  in  a 
solution  of  sodium  carbonate  ■nithout  the  application  of 
pressure.  The  penetration  was  very  slight  at  the  ends  of  the 
blocks,  and  on  the  sides  there  was  hardly  more  than  a  wet 
surface.  The  results  of  the  distillation  show  that  it  is  neces- 
sary to  have  aU  parts  of  the  wood  in  contact  with  the  chemical 
at  the  time  of  distillation  in  order  to  obtain  the  best  results. 
Although  in  aU  cases  there  was  a  shght  increase  in  alcohol  from 
the  soaked  blocks,  tliis  increase  was  much  less  than  in  the 
case  of  pressm'e  treated  blocks  or  of  briquetted  sawdust. 

The  complete  data  on  these  runs  with  blocks  are  given  in 
Table  II,  but  little  information  of  value  can, be  obtained  from 
the  figures  on  the  products  other  than  acetic  acid  and  wood 
alcohol.  A  variation  in  the  relative  amounts  of  pyroligneous 
acid,  charcoal,  and  gas  can  be  obtained  by  variation  in  the 
maximum  temperature  to  which  the  charcoal  is  heated. 
Since  this  ma.ximum  temperature  cannot  be  readOy  controlled 
in  the  apparatus  used,  the  variations  in  these  three  products 
cannot  be  controUed  and  the  percentage  yield  cannot  be  taken 
as  an  indication  of  the  effect  of  the  sodium  carbonate. 

Discussion  of  Application 

It  can  be  seen  from  these  results  that  sodium  carbonate 
previous  to  distillation  can  best  be  used  in  connection  with 
processes  for  the  distillation  of  sawdust.  Since  there  are  no 
processes  of  this  kind  in  operation  it  has  been  impossible  to 
test  out  the  application  of  this  principle  on  a  conunercial 
scale.  It  is  very  likely,  however,  that  some  sawdust,  distilla- 
tion plants  maj'  be  in  operation  in  the  near  future. 

It  would  pr.obably  be  impossible  to  treat  the  ordinary 
distillation  wood  with  sodium  carbonate  solution  in  such  a  way 
as  to  obtain  much  benefit  therefrom.  Most  wood  is  dis- 
tilled in  4-ft.  lengths,  and  even  with  a  pressure  treatment  it 
would  be  difficult  to  obtain  an  even  distribution  of  the  car- 
bonate solution  throughout  such  large  sticks  of  wood.  There 
are,  however,  a  few  commerci.d  wood  distillation  plants  which 
are  using  blocks  because  they  are  better  suited  for  their 
artificial  drying  process  than  the  ordinary  4-ft.  sticks  of 
wood.  It  is  possible  that  these  plants  could  submit  their 
blocks  to  a  pressure  treatment  with  sodium  carbonate  solution 
before  the  wood  goes  to  the  driers  and  obtain  thereby  suffi- 
ciently increased  jields  of  alcohol  to  make  the  process  prof- 
itable. It  is  very  likely  that  the  value  of  the  wood  alcohol 
from  wood  distOlation  will  be  much  greater  than  that  of  the 
acetic  acid,  so  that  any  slight  decrease  in  acid  yield  will  not  be 
a  very  great  detriment  to  tliis  process.  If  the  commercial 
value  of  acetic  acid  products  continues  as  low  as  it  is  at  the 
present  time,  it  is  also  possible  that  wood  distillation  plants 
will  not  attempt  to  recover  acetic  acid  but  will  distil  the  alco- 
hol from  the  pyroligneous  acid  and  let  the  rest  of  the  products 
go  to  waste.  In  this  case  the  slightly  diminished  yields  of 
acid  would  be  of  no  disadvantage. 

Other  chemicals  are  being  tested,  and  the  effect  of  the 
distribution  of  the  chemical  is  being  determined.  It  is  also 
hoped  that  an  e.arly  opportunity  will  be  afforded  for  trjing 
out  on  a  commercial  scale  the  distillation  of  wood  treated 
with  sodium  carbonate. 
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Effect  of  Change  of  Acidity  upon  the  Rate  of  Diffusion  of  Tan  Liquor  into 

Gelatin  Jelly'"' 


By  John  Arthur  Wilson  and  Erwin  J.  Kern 
Laboratories  of  A.  F.  Gallun  &  Sons  Co.,  Milwaukeb.  Wisconsin 


Thomas'  has  shown  that  the  rate  of  diffusion  of  tanning 
extracts  into  gelatin  jelly  is  usually  greater  the  greater  the 
ratio  of  nontannin  to  tannin  in  the  extract.  Thus  for  typ- 
ical samples  he  found  the  rate  of  diffusion  increasing  in  the 
order  quebracho,  hemlock  bark,  larch  bark,  oak  bark,  chest- 
nut wood,  gambler,  sumac.  This  is  also  the  order  for  de- 
creasing astringency  or  rate  of  combination  of  liide  and  tan- 
ning material.  The  same  order  is  roughly  borne  out  in  ex- 
periments dealing  with  the  rate  of  diffusion  into  cowhide. 

Our  explanation  of  the  fact  that  nontannins  increase  the 
rate  of  diffusion  of  the  tannins  into  hide  is  as  follows;  Tan- 
nins and  certain  nontannins  form  compounds  with  the  hide 
substance,  but  the  hide-tannin  compound  is  very  stable, 
while  the  hide-nontannin  compound  is  considerably  disso- 
ciated. The  nontannins,  having  a  much  smaller  molecular 
weight  than  the  tannins,  diffuse  more  rapidly  into  the  hide. 
When  the  slowly  moving  tannin  reaches  a  point  where  it 
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Fio.  1 — Showing  Rate  of  Diffusion  of  a  Tan  Liquor  into  Gelatin 
JELLV  AS  a  Function  of  the  Hydrogen-Ion  Concentration 

would  combine  with  hide  substance,  it  cannot  do  so  be- 
cause the  point  is  already  occupied  by  nontannin.  Tannin 
that  would  otherwise  have  combined  with  hide  substance 
near  the  surface  of  the  hide  is  thus  enabled  to  proceed  into 
the  interior  and  the  measured  rate  of  penetration  is  thereby 
increased.  This  action  is  more  marked  the  greater  the 
concentration  of  nontannin  capable  of  combining  with  hide 
substance.  The  hide-tannin  compound  being  much  the 
more  stable,  tannin  replaces  nontannin  as  the  hide-nontannin 
compound  hydrolyzcs. 
According   to   the   Procter-Wilson   theory*   of  vegetable 

'  Presented  before  the  Division  of  Lcatlicr  Clicniistry  at  the  62nd  Meet- 
ing of  the  American  Chemical  Society,  New  York  City,  September  0  to  10, 
1921. 

>  Received  August  16, 1921. 

•  J.  Am.  Leather  Chem.  Assn.,  IS  (1920),  593. 

«/.  CA«m.  ioc,  109  ClfllUji,  1327.  ^ 


tanning,  the  rate  of  tanning,  and  also  of  the  combination  of 
hide  and  certain  nontannins,  can  be  decreased  either  by 
increasing  the  electrol5rte  concentration  or  by  lowering  the 
positive  electrical  charge  which  hide  substance  possesses  in 
acid  solution,  which  can  be  accompUshed  by  decreasing  the 
acidity.  We  should  therefore  expect  the  constituents  of  a 
tan  liquor,  both  tannin  and  nontannin,  to  penetrate  hide 
substance  more  rapidly  as  the  acidity  of  the  tan  Liquor  is 
decreased  to  the  isoelectric  point  of  hide  substance. 

Thomas  prepared  a  5  per  cent  dispersion  of  gelatin  in  hot 
water  containing  0.1  per  cent  ferric  chloride  and  poured  it  into 
a  series  of  test  tubes  to  three-quarters  of  their  capacity. 
When  the  dispersions  had  set  to  jelly,  equal  volumes  of  so- 
lutions of  different  extracts  were  poured  on  top  of  the 
jellies,  which  were  then  placed  in  an  ice  box.  All  of  the 
extract  solutions  were  made  to  contain  1  per  cent  of  dry  solid 
matter.    Tannin   and  some   nontannins  react  with  ferric 
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Fig.  2 — Indicating  Change  of  Shape  of  Interface  between  Tan 

Liquor  and  Gelatin  Jbllv  as  a  Function  of  the 

Hydrogen-Ion  Concentration 

chloride  giving  a  dark  blue  or  black  color  which  served  to 
indicate  the  extent  of  the  penetration.  In  96  hrs.  the  gam- 
bier  had  penetrated  18.0  mm.,  as  against  only  4.8  mm.  by 
the  quebracho.  It  was  of  course  the  extent  of  penetration 
by  the  nontannins  that  was  measured,  as  these  diffuse  the 
more  rapidly. 

A  large  volume  of  a  dispersion  of  gelatin  in  dilute  ferric 
chloride  solution  was  treated  with  tartaric  acid  until  its  pH 
value  was  reduced  to  2.5,  as  determined  by  the  liydrogen 
electrode.  Equal  portions  were  then  treated  with  sodium 
hydroxide  to  give  the  desired  pll  values,  which  ranged  from 
2.5  to  11.0.  Dilutions  were  such  that  the  final  dispersions 
contained  5  per  cent  of  gelatin  and  0.1  per  cent  of  ferric 
chloride,  as  in  the  experiments  of  Thomas. 

Gambler  and  quebraciio  extracts  were  selected  for  the 
test  which  showed  by  analysis: 
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Gambler  Quebracho 

Per  cent  Per  cent 

Water 48.84  19.41 

Insoluble 7.58  9.50 

Nontannin 36.14  27.06 

Tannin' 7.44  44.03 

•  Wilson-Kern  method,  This  Jodrnai,,  12  (1920),  465. 

Solutions  of  these  extracts  were  treated  with  tartaric  acid  to 
give  a  pH  value  of  2.5.  Equal  portions  were  then  treated 
with  sodium  hydroxide  to  give  a  series  of  pH  values  the  same 
as  in  the  series  of  jellies.  Each  final  liquor  contained  1  g. 
of  dry  soUds  of  the  original  extract  per  100  cc. 

The  gelatin  dispersions  were  poured  into  test  tubes  and 
allowed  to  set.  On  each  was  poured  a  given  volume  of  tan 
liquor  having  the  same  pH  value  as  the  jelly.  Both  the 
quebracho  and  gambler  series  were  run  in  duphcate.  They 
were  kept  in  the  ice  box  and  examined  at  intervals  for  96  hrs. 

The  extent  of  the  diffusion  of  the  tan  liquors  into  the  jel- 
lies is  shown  in  Fig.  1,  the  measurements  being  taken  after 
96  hrs.  In  each  case  the  duphcate  series  were  practically 
identical. 

Gambler,  which  has  a  high  ratio  of  nontannin  to  tannin,  be- 
gins to  penetrate  at  a  pH  value  of  3.0  and  reaches  its  maximum 
rate  at  pH  =  6.0.  Quebracho,  on  the  other  hand,  scarcely 
shows  any  penetration  until  pH  =  4.7;  the  isoelectric  point  of 
gelatin,  is  reached.  At  pH  values  greater  than  9,  however, 
the  quebracho  liquor  penetrates  at  the  greater  rate,  possibly 
because  of  its  higher  tannin  content. 

An  interesting  observation  made  during  these  experi- 
ments was  that  the  shape  of  the  interface  between  tan 
liquor  and  jelly  also  changes  with  the  pH  value.  At  pH 
=  2.5  it  was  concave  downward,  at  pH  =  3.0  it  was  flat,  but 


with  increasing  pH  value  it  became  concave  upward  with  the 
thickness  of  the  meniscus  increasing  to  a  maximmn  of  7.5  mm. 
at  pH  =  4.7  and  then  decreasing  until  the  interface  again 
became  flat  at  pH=11.0.  The  thickness  of  the  meniscus 
as  a  function  of  the  pH  value  is  shown  in  Fig.  2.  This 
change  in  shape  of  the  interface  appears  to  be  related  to  the 
swelling  of  gelatin.  The  point  of  minimum  in  the  curve  in 
Fig.  2  occurs  at  the  isoelectric  point  of  gelatin,  pH  =  4.7, 
while  the  curve  slopes  upward  towards  the  points  of  maximum 
swelling  of  gelatin,  pH  =  2.4  and  pH  =  11.7,  for  the  external 
solution.  The  measurements  recorded  are  those  for  the 
gambler  series,  but  the  quebracho  series  showed  practically 
the  same  effect. 

Studies  have  also  been  made  of  the  effect  of  change  of 
acidity  upon  the  rate  of  diffusion  of  tan  liquors  into  cow- 
hide. With  increasing  pH  values  up  to  about  8  there  is  a 
distinct  increase  in  rate  of  diffusion,  but  because  of  the 
flaccid  nature  of  hide  at  pH  =  8  it  is  difficult  to  make  accu- 
rate measurements  of  the  rate  of  diffusion.  At  pH  values 
below  3  and  above  11  the  hide  swells  considerably  and  be- 
comes rubbery  and  distorted. 

SUMMAET 

As  ordinarily  used  in  tanning,  gambler  and  quebracho 
extracts  show  marked  differences  in  the  rate  of  tanning  and 
of  penetration  into  the  hide.  It  is  shown  that  the  rate  of 
penetration  is  a  function  of  the  hydrogen-ion  concentration 
as  well  as  of  the  nontannin  content.  The  shape  of  the  in- 
terface between  a  tan  hquor  and  gelatin  jelly  was  found  also 
to  be  a  function  of  the  hydrogen-ion  concentration. 


The  Electrometric  Titration  of  Azo  Dyes' 

By  D.  O.  Jones  and  H.  R.  Lee 

The  Newport  Co.,  Carrollville,  Wisconsin 


Electrometric  methods  of  analysis  have,  in  recent  years, 
come  into  quite  general  use,  particularly  in  the  field  of  inor- 
ganic chemistry.  Titanous  chloride,  originally  suggested 
by  Knecht^  as  a  reagent  for  the  estimation  of  a  large  number 
of  compounds,  both  organic  and  inorganic,  has  also  in  re- 
cent years  found  increased  application,  particularly  in  the 
field  of  dye  chemistry.^ 

Titanous  chloride,  combined  with  the  electrometric  method 
for  determining  the  end-point  of  the  titration,  has  been  suc- 
cessfully appUed  in  this  laboratory  to  the  analysis  of  azo 
dyes.  The  indirect  titration  was  used  in  practically  all 
analyses  of  azo  dyes  and  nitro  bodies.  The  reduction  was 
made  with  an  excess  of  standard  titanous  chloride  and  the 
excess  was  determined  by  titration  with  ferric  alum. 

In  the  former  titanous  chloride  methods,  involving  the 
use  of  a  thiocyanate  indicator,  the  end-point  was  sometimes 
difficult  to  determine  with  accuracy  on  account  of  the  tur- 
bidity of  the  solution,  the  presence  of  insoluble  reduction 
products,  or  the  masking  of  the  end-point  by  the  color  of 
the  solution  itself.  Thiocyanate  was  not  satisfactory  as  an 
outside  indicator,  because  the  titrations  were  carried  out  in 
an  atmosphere  of  carbon  dioxide  and  because  the  solutions 
themselves  were  often  of  a  pink  color. 

The  reduction  products  of  some  azo  dyes  produce,  with 
ferric  salts,  characteristic  colors,  which  sometimes  furnished 
indications  of  the  end-point.*    For  example,  diamino-H-acid 

1  Presented  before  the  Division  of  Dye  Chemistry  at  i.he  62nd  Meeting 
of  the  American  Chemical  Society,  New  York,  September  6  to  10,  1921. 

s  Knecht  and  Hibbert,  "New  Reduction  Methods  in  Volumetric  Analy- 
sis," 1918. 

»  F.  English,  This  Jodrnal,  12   (1920),  994. 

«  Arthur  H.  Green,  "Analysis  of  Dyestuffs,"  2nd  Ed,,  117. 


gave  a  blue  color  and  amino-naphthionic  acid  a  green  color 
with  ferric  salts.  These  colors  are  not  as  a  rule  alike  under 
all  conditions  and  seldom  furnish  an  accurate  means  of 
determining  the  end-point. 

Standard  Solutions 

A  0.25  A''  TiClj  solution  has  been  adopted  for  the  analj^is 
of  azo  dyes  and  a  0.05  N  ferric  alum  solution  for  the  back 
titration.  The  methods  of  preparing,  storing  and  using  the 
solutions  were  in  general  those  of  Knecht  and  Hibbert''  with 
modifications  similar  in  general  to  those  of  EngUsh.^  La- 
Motte's  titanous  chloride  was  used  in  preparing  the  solu- 
tions and  the  boiling  in  the  preparation  was  omitted.' 
Apparatus 

For  the  application  of  the  electrometric  method  to  oxidi- 
metric  reactions,  reference  is  made  to  the  work  of  Hostetter 
and  Roberts.*  Wendt's  electrotitration  apparatus,  with 
sUght  modifications  in  the  calomel  half  cell  and  the  adciition 
of  a  reversing  switch,  was  used  in  this  work.  Any  modi- 
fications in  the  electrometric  apparatus  in  its  appUcation  to 
oxidimetric  reactions  as  published  by  Roberts'  will  also 
find  apphcation  here. 

The  electrometric  apparatus  used  in  conjunction  with 
titanous  chloride  is  shown  in  the  accompanjang  diagram. 
Carbon  dioxide  from  a  drum  was  used  for  maintaining  an 
oxygen-free  atmosphere  in  the  reaction  flask,  which  consisted 
of  a  250-cc.  Pyrex  extraction  flask  with  a  3-hole  rubber  stop- 

*  Loc.  cit. 

•  Loc,  cit, 

1  J,Am.  Chem,  Soc,  43  (1921),  91. 
'Ibid.,   41  (1919),  1337. 
A  'JMi.,  41  (1919),  1358. 
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per.    Two  holes  were  for  the  platinum  electrode  and  capil- 
lary tube  of  the  calomel  half  cell,  respectively,  and  the  third 


HLjdrogen 
Generator 


Coolinq  Bath 


t 


Electrometric  Titration  Apparatus 

for  admitting  the  buret.  In  recent  practice,  the  calomel  half 
cell  remained  clamped  to  a  ring  stand  in  preference  to  the 
arrangement  shown  in  the  diagram.  Contact  was  made  to 
a  separate  capillary  tube  in  the  flask  by  means  of  three- 
sixteenths  inch  rubber  tubing  which  constituted  a  salt 
bridge.  A  small  calomel  half  cell,  similar  to  the  one  used  by 
Hostetter  and  Roberts'"  and  attached  directly  to  the  re- 
action flask,  was  also  satisfactory. 

Standardization  op  TiClj 

The  work  of  English"  shows  that  results  0.4  per  cent 
higher  than  theoretical  were  obtained  for  a  pure  nitro  com- 
pound, based  on  standardization  of  the  titanous  chloride 
by  ferrous  ammonium  sulfate. 

A  fresh  sample  of  Baker's  analyzed  ferrous  ammonium  sul- 
fate was  carefully  oxidized  with  potassium  permanganate  and 
used  in  standardizing  a  0.25  N  TiCls  solution.  Analyses 
of  p-nitroaniline  were  made  with  this  titanous  chloride  and 
by  the  sodium  nitrite  method.  All  steps  in  the  standardiza- 
tion with  ferrous  ammonium  sulfate  and  in  the  analyses  of 
p-nitroaniline  were  alike  with  respect  to  time  of  expeUing  air, 
boiUng,  cooling,  volume  of  solution,  etc.  Table  I  shows  anal- 
yses of  p-nitroaniline  by  the  two  methods. 


The  analyses  by  sodium  nitrite  were  made  at  different  times 
with  different  standard  solutions.  Compared  with  the  results 
by  sodium  nitrite,  ferrous  ammonium  sulfate  and  p-nitro- 
aniline are  equally  good  standards  when  used  under  the  same 
conditions. 

Fifty  cc.  of  stock  solution  of  p-nitroaniline  containing  4  g. 
per  liter  were  used  for  each  standardization.  Sublimed  wi-ni- 
troaniline  was  also  found  satisfactory  as  a  standard. 

"  Loc.  cit.,  1340. 
"  Loc,  <:i/.,995. 


Analytical  Procedube 

Weigh  a  sample  of  the  finely  powdered  dye,  approxi- 
mately 1  g.  and  seldom  less  than  0.5  g.,  sufficient  in  quantity 
to  require  for  reduction  30  to  45  cc.  of  0.25  N  titanous  cliloride. 
Transfer  the  sample,  which  is  usually  in  the  form  of  the  soda 
salt,  to  the  reaction  flask,  add  25  cc.  distilled  water,  cover 
loosely,  and  place  the  fla.sk  on  a  steam  bath  for  about  10 
min.  to  dissolve  or  at  least  soften  the  particles.  Add  25  cc. 
of  40  per  cent  sulfuric  acid,  stopper  the  flask,  and  pass  a  cur- 
rent of  CO2  through  for  5  min. ;  then  add  the  required  amount 
(35  to  50  cc.)  of  titanous  chloride  (at  least  5  cc.  0.25  N  TiClj 
in  excess  of  that  required  for  reduction  are  added).  Boil 
for  5  min.  and  cool  to  30°  C.  in  a  bath  of  running  water.  Ti- 
trate back  the  excess  of  titanous  chloride  with  ferric  alum. 
The  titration  is  made  in  approximately  the  same  volume  as 
in  the  standardization. 

The  back  titration  is  conducted  as  follows:  Adjust  the 
potentiometer  and  read  voltages  for  each  addition  of  ferric 
alum.  Add  the  latter  at  first  in  5-cc.  portions,  gradually 
decreasing  to  0.1  cc.  or  less.  When  passing  over  the  end- 
point,  reverse  the  poles  in  the  usual  manner  and  again 
read  voltages  as  additions  of  ferric  alum  become  larger. 

Plot  volts  as  ordinates  against  cc.  ferric  alum  solution  as 
abscissas  and  determine  the  end-point  from  the  curve.  From 
this  the  quantity  of  titanous  chloride  consumed  is  readily 
obtained. 

For  routine  analysis,  practically  aU  azo  dyes  can  be  analyzed 
with  sufficient  accuracy  without  reading  the  voltmeter  or 
plotting  a  curve.  Adjust  the  potentiometer  at  the  begin- 
ning of  the  back  titration,  until,  on  closing  the  circuit,  the 
galvanometer  shows  no  deflection.  At  the  end-point  a  per-  • 
manent  large  swing  of  the  galvanometer  is  obtained. 

Interpretation  of  Curves 
Curves  1  and  2  are  typical  of  those  obtained  in  tne  deter- 
mination of  the  relative  strengths  of  the  solutions  and  in  the 
standardization  with  p-nitroaniUne,  respectively.  The  end- 
points  cannot  be  mistaken  by  as  much  as  0.10  cc.  of  0.05  N 
ferric  alum,  which,  in  terms  of  0.25  N  titanous  cliloride,  in- 
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troduces  as  error  less  than  0.05  per  cent  in  the  analysis. 
Curves  3  and  4  were  obtained  with  Congo  Corinth.    Curve 
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4  is  typical  of  those  obtained  in  the  most  improved  practice 
and  was  obtained  using  a  l.O/g.  sample,  0.25  N  titanous 
chloride,  and  a  volume  at  the  end-point  of  125  cc.  Curve  3 
was  obtained  with  0.15  N  titanous  chloride,  a  0.5  g.  sample, 
and  a  volume  of  250  cc.  Curves  with  different  slopes,  ob- 
tained under  different  conditions,  have  in  all  cases  indicated 
the  same  end-point  with  sufficient  accuracy. 

In  Curve  3  is  shown  the  appUcation  of  the  method  used  by 
Hostetter  and  Roberts'^  in  which  the  coincidence  of  the  curves, 
obtained  by  plotting  aE/  a V  against  V,  indicates  the  true  end- 
point. 

Curves  5  and  6,  typicalJofiBenzo  Purpurine  4B,  show 
again  a  slight  difference  in  favor  of  Curve  6  with  the  smaller 
volume.     Curve  5  was  obtained    with    0.15    N  titanous 
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chloride  and  a  0.5  g.  sample;  Curve  6  with  a  1.0  g.  sample 
and  0.25  A'^  titanous  chloride.    The  back  titration  in  both 
cases  was  made  with  0.05  N  ferric  alum. 
Discussion 

The  work  of  Callan,  Henderson  and  Strafford''  shows  that 
low  results  obtained  in  the  analysis  of  some  nitro  compounds 
with  titanous  chloride  can  be  traced  to  the  formation  of 
chlorinated  amines  during  the  reduction.  They  have  over- 
come this  difficulty  by  substituting  titanous  sulfate  for  the 
chloride.  No  difficulties  of  this  nature  were  encountered  in 
applying  the  titanous  chloride  method  to  the  analysis  of  azo 
dyes.  However,  since  the  electrometric  titration  with  titanous 
cliloride  is  subject  to  any  limitations  of  titanous  chloride  it- 
self, the  sulfate  can  no  doubt  be  substituted  here  as  well, 
in  applying  the  method  to  a  larger  number  of  compounds. 

Titrations  of  titanous  chloride  with  ferric  alum  by  the  elec- 
trometric galvanometer  deflection  method,  in  which  thio- 
cyanate  was  present  in  the  solution,  have  shown  that  0.03  cc. 
0.05  N  ferric  alum  solution  was  sufficient  to  give  the  galvanom- 
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eter  pointer  a^decided'and  permanent  swing  and  at  the  same 
time  to  change  the  solution  from  colorless  to  a  decided  pink. 
!•  The  electrometric  titration  is  valuable  as  a  means  of  ac- 
curatelyjanalyzing  a  larger  number  of  azo  dyes  for  the  con- 
trol of  process  yields  than  could  be  accompUshed  by  previous 
methods. 

Summary 

1 — The  difficulties  encountered  in  the  analysis  of  azo 
dyes  with  titanous  chloride  by  previous  methods  are  enumer- 
ated. 

2 — ^An  analytical  procedure  is  described  whereby  the  elec- 
trometric method  of  following  oxidimetric  reactions  is  used 
in  conjunction  with  titanous  chloride  for  the  successful 
analysis  of  azo  dyes  and  nitro  compounds. 

3 — A  modified  electrometric  apparatus  adapted  for  use 
with  titanous  chloride  is  described. 

4 — Typical  curves  for  obtaining  the  end-point  are  shown. 
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Comparison  of  the  Various  Corn  Products  Starches  as  Shown  by  the 

Bingham- Greene  Plastometer' 


By  Chr.  E.  G.  Porst  and  M.  Moskowitz 

Research  Laboratory,  Corn  Products  Refining  Co.,  Edgewatbr,  New  Jersey 


Up  to  the  present  the  method  of  determining  the  flow 
characteristics  of  starch  and  dextrin  pastes  was  the  so-called 
fluidity  test,  described  in  the  original  communication  by  H. 
Buel.^  The  fluidity  funnel  is  simply  a  4-in.  glass  funnel  with 
a  stem  drawn  to  a  point  so  that  if  125  cc.  of  water  are  poured 
into  the  funnel  105  cc.  run  out  in  70  sec.  The  different 
fuimels  are  of  only  approximately  the  same  dimensions  and 
are  calibrated  in  terms  of  one  of  tlie  funnels  for  pastes  made  of 
5  and  7.5  g.  of  starch.  For  starches  of  low  fluidity,  5  g.  of 
starch  are  stirred  with  10  cc.  of  water,  90  cc.  of  1  per  cent 
caustic  soda  solution  are  added,  and  the  mixture  is  stirred 
for  3  min.  and  allowed  to  stand  0.5  hr.  The  cc.  flowing  in 
70  sec,  corrected  to  the  standard  funnel,  give  the  fluidity 
term  as  used  above.  The  thin  boiling  starches  are  sold  on 
the  fluidity  specifications — 2  F  should  give  a  20  fluidity,  9  F 
a  90  fluidity  within  practical  limits.  This  method,  of  course, 
is  not  scientific  and,  although  it  is  good  as  a  control,  does  not 
enable  all  the  characteristics  of  a  paste  to  be  studied,  especially 
at  the  concentrations  used  in  practice. 

In  order  to  investigate  the  physical  characteristics  of 
starches,  gums,  and  dextrins,  Carl  Bergquist,  chemist  of  this 
company, worked  in  conjunction  with  the  Bureau  of  Standards 
on  this  investigation.  This  paper  is  a  continuation  of  the 
investigations  carried  on  by  Herschel  and  Bergquist,' and  for 
the  theory  involved  and  the  description  of  the  apparatus 
used  reference  should  be  made  to  the  original  paper.  Her- 
schel and  Bergquist  have  found  that  viscosity  or  plasticity 
plays  a  very  important  part  in  the  practical  application  of 
starch  and  dextrin  pastes,  together  with  their  chemical  com- 
position and  concentration.  The  present  investigators  have 
endeavored  to  obtain  such  results  as  would  enable  the  starch 
users  to  know  the  particular  properties  of  the  different  grades 
of  corn  starches  manufactm-ed.  This  would  facilitate 
matching  of  products  used  for  a  particular  purpose. 

It  will  only  be  necessary  to  define  a  few  of  the  terms  and 
empirical  equations  used.  With  viscous  substances  the 
flow  through  capUlary  tubes  (neglecting  the  correction  for 
kinetic  energy  and  the  correction  for  the  resistance  outside 
the  capillary)  is  P«iseuille's  formula 

Svl 

where    «  =  viscosity  in  c.  g.  s.  units,  poises. 

g  =  acceleration  of  gravity  =981  cm.  per  sec.^ 

r  =  radius  of  capillary  in  cm. 

p  =  pressure  in  g.  per  sq.  cm. 

t  =  time  of  flow  in  sec. 

V  =  volume  of  flow  in  cc. 

/  =  length  of  capillary  in  cm. 

ortheflmdity  is  =  —    = . 

n  TTgr*  pi 

^ljgj.g  _  is  a  constant,  K,  for  a  given  capillary,  K  can  be 

determined  by  calculation  from  the  dimensions  or  by  direct 
determination  with  a  heavy  oil  of  known  viscosity. 

The  flow  for  viscous  materials,  therefore,  is  proportional 
to  the  pressure.  With  plastic  substances  there  is  no  flow 
until  the  pressure  or  shearing  force  has  exceeded  a  certain 
definite  value.  The  terms  used  with  these  materials  are 
rigidity,  R,  and  mobility  instead  of  viscosity  and  fluidity. 

•  Presented  before  the  Section  of  Sugar  Chemistry  and  Technology  at 
the  62nd  Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y., 
September  6  to  10,  1921. 

•  Slh  Internal.  Cong,  of  .■\pplied  Chem.,  XIII,  63. 

•  This  Journai,,  IS  (1921),  703. 


Mobility   =  —    = 


_     KQ 


p-f 


where  /  is  the  intercept  of  the  asymptotes  or  tangent  to  the 
curve  with  the  pressure  axis.  The  term  /  in  c.  g.  s.  units  is 
called  by  Bingham  "yield  shear  value."'' 

The  apparatus  and  method  of  procedure  were  the  same  as 
described  in  the  article  by  Herschel  and  Bergquist.    In  order 
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to  be  able  to  duplicate  results  the  method  of  making  pastes 
was  kept  as  uniform  as  possible.  A  mechanical  stirring  ar- 
rangement which  rotated  at  about  12  r.  p.  m.  was  used. 
This  eUminated  as  far  as  possible  variations  due  to  changes 
in  the  rate  of  stirring.  This  mixing  was  not  sufficient  to 
keep  the  starch  suspended  until  gelatinization  was  completed. 
However,  since  it  was  not  desirable  to  increase  the  rate  of 
stirring  after  the  paste  was  gelatinized,  a  fairly  slow  stream 
of  inert  gas  was  bubbled  through  hot  water  and  brought  into 
the  bottom  of  the  paste  kettle  in  the  early  stages  of  the  paste 
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making.  When  gelatinization  had  taken  place  the  stream 
of  gas  was  shut  off  and  only  mechanical  stirring  continued. 
The  whole  was  enclosed  with  a  loosely  fitting  cover.  There 
was  very  little  variation  in  concentration  of  the  pastes  made 
by  this  method.  For  each  test  600  g.  of  paste  were  made  up. 
During  the  heating  the  temperature  in  the  paste  container 
was  observed.    It  will  subsequently  be  observed  from  tlie 

<  Bureau  of  Standards,  Scitnlific  Paper  278. 
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Table 

:  I — Plastometer 

Resolts 

Temperature 

to  Which 

Caf 

ILLARY  6 

s 

— — •  Capillary  8 

Description 

Paste  Pet 

Paste  Was 

Yield 

Dynes 

Rigidity 

Yield 

Dynes 

Rigidity 

of  Starch 

cent  Dry 
Substance 

Heated 

Consistency 
of  Cold  Paste 

G.  per 
Sq.  Cm. 

per 
Sq.  Cm. 

Mobility 

1 

G.  per 

Sq.  Cm. 

per 

Sq.  Cm. 

Mobility 

1 

Sample 

Mobility 

Mobility 

Thick  Boilins  Slarches 

Globe 

7 

S7 

Sloppy — fractures 

76 

74,600 

1.530 

0.665 

187 

164,000 

4.67 

0.214 

Pearl 

8 
0 

90-95 
85-87 

Firm — ^fractures 

Firm  (weaker  than  8  per 

221 

216,800 

0.153 

6.54 

260 

255,000 

0.152 

6.(58 

cent) — fractures 

257 

252.000 

0.494 

2.02 

255 

250,000 

0.306 

3.25 

8 

85 

Slightly  weak — fractures 

106 

103,900 

0.490 

2.04 

101 

99,000 

0.353 

2.83 

9 

85 

Slightly  weak— fractures 

164 

161,000 

0.482 

2.07 

170 

166,500 

0.428 

2.33 

Special 

7 

85 

Sloppy — fractures 

85 

83,400 

1.129 

0.886 

146 

143.000 

2.236 

0.448 

Molding 

8 

85 

Weak — fractures 

116 

113,800 

0.385 

2.58 

176 

172,500 

0.664 

1.51 

9 

87 

Firm — fractures 

210 

206,000 

0.368 

2.72 

265 

260,000 

0.283 

3.53 

BuEFalo 

7 

85 

Slightly  weak — fractures 

120 

117,800 

1.600 

0.625 

126 

123,300 

1.390 

0.720 

8 

85 

Good — fractures 

232 

227,600 

1.158 

0.864 

254 

249,000 

1.435 

0.697 

9 

85 

Good — fractures 

250 

245,000 

0.673 

1.48 

Flow  too  slow 

Acid  Lump 

6 

86 

Weak — fractures 

94 

92,100 

2.63 

0.380 

96 

94,000 

1.31 

0.764 

7 

85 

Weak — fractures 

76 

74,500 

0.870 

1.15 

93 

91,200 

0.473 

2.11 

8 

85 

Weak — f  rac  tures 

135 

132,200 

0.596 

1.68 

194 

190,000 

3.683 

1.48 

9 

86 

Firm — fractures 

180 

176.500 

0.543 

1.84 

241 

236,000 

0.766 

1.30 

Niagara 

6 

85 

Fair — fractures 

125 

122,500 

0.701 

1.43 

151 

148,000 

0.759 

1.32 

7 

85 

Firm — fractures 

160 

157,000 

0.355 

2.82 

192 

188,200 

0.307 

3.76 

8 

85 

Very  firm — fractures 

265 

260.000 

0.0520 

19.20 

226 

221,600 

0.0443 

22.50 

Thin 

Boiling  Starches 

2  F  Eagle 

8 

90 

Weak — fractures 

121 

118,500 

0.492 

2.03 

170 

166,800 

0.597 

1.63 

Finishing  **♦        9 

87 

Good — fractures 

1.54 

151,000 

0.249 

4.01 

186 

182.200 

0.192 

5.20 

10 

90 

Good — fractures  evenly 

172 

168,500 

0.0323 

30.9 

201 

19r,000 

0.0266 

37.60 

4  F  Eagle 

9 

85 

Weak — fractures 

115 

112..S00 

0.474 

2.11 

127 

124.200 

0.820 

1  22 

Finishing*'' 

10 

87 

Good — fractures 

181 

177,200 

0.134 

7.46 

184 

180,500 

0.105 

9.52 

11 

86 

Good —  fractures 

183 

179.500 

0  0876 

11.40 

209 

205,000 

0.043 

23.20 

12 

90 

Good — fractures 

197 

193,000 

0.00880 

113.80 

fi  F  Eagle 

11 

85 

Weak — fractures 

185 

181,500 

0.725 

1.38 

210 

206,000 

0.483 

2.06 

Finishing****     12.5 

87 

Weak — fractures 

207 

203,000 

0.124 

8.06 

272 

260,200 

0.149 

6.72 

15 

85 

Firm — fractures 

225 

221,000 

0  0119 

88.00 

7  F  Eagle 

15 

85 

Weak — no.  fracture,  good 

Finishing* 

spreading  qualities 

213 

209,000 

0.543 

1.84 

230 

225,600 

0.256 

3.91 

17.5 

90 

Weak — no  fracture 

Smooth 

207 

203,000 

0.270 

3.71 

235 

230,400 

0.214 

4.67 

20 

85 

Fair — no  fracture 

231 

227,000 

0.0123 

81.30 

22.5 

90 

Fair — no  fracture  smooth 
— good  spreading  qualities 

230 

226,000 

0.00436 

230.40 

9F 

17.5 

85-87 

Fairly  fluid — very  smooth 

60 

58,800 

0.595 

1.68 

83 

81,400 

0.543 

1.84 

Foxhead 

20 

87-90 

Weak — very  smooth  (no 

fracture) 

93 

91,100 

0.236 

4.24 

120 

117,500 

0.188 

6.32 

22.5 

87 

Fair — very  good  spread- 

ing qualities 

92 

90,000 

0.101 

9.90 

96 

94,200 

0.056 

17.80 

25 

87 

Weak — very  good  spread- 

ing qualities 

131 

128.500 

0.0720 

13.90 

171 

167,500 

0.0575 

17.40 

27.5 

87 

Little   weak — very   good 

spreading  qualities 

177 

173,.500 

0.0116 

86.200 

177 

173,500 

0.00810 

123.50 

30 

85 

Fair — very  good  spread- 
ing power 

196 

192,000 

0.00285 

351.00 

32.5 

85-87 

Fair          consistency — no 
fracture — good  spread- 
ing qualities 

207 

203,000 
Mazam 

0.000883 

1131.00 

... 

35 

95 

Fairly  fluid 

82 

80,400 

0..506 

1.98 

69 

67,600 

0.442 

2.26 

data  that,  in  order  to  get  results  comparable  one  with  another, 
it  is  very  important  to  have  the  final  temperature  the  same 
for  aU  the  starch  pastes.  After  the  O.S-lir.  heating  at  85°  C. 
or  other  temperatures  as  noted,  the  pastes  were  poured 
through  cheese-cloth  to  remove  any  lumps  which  might  clog 
the  capillaries,  and  allowed  to  cool  down  slowly  to  25°  C. 
untU  the  next  day.  The  upper  layer  of  paste  was  rejected. 
Conditions  for  the  treatment  of  successive  samples  still  need 
to  be  made  more  uniform. 

The  capillaries  were  measured  by  the  Bureau  of  Standards. 
The  constant  K  used  for  investigations  was  the  one  obtained 

P 
by  determining  the  constant  K  =  -^  from  determinations 

on  castor  oU,  the  viscosity  of  which  was  measured  by  the  Bu- 
reau of  Standards.  In  the  equation  the  dimension  r*  is  used, 
so  that  a  very  small  error  in  r  can  cause  quite  a  large  error  in 
the  constant. 


No.  of 
Capil- 
lary 
6 
8 


Length 
in  Cm. 
2.62 
3.01 


Diameter  Diameter 

of 

Minor 

Axis 

0.146 

0.105 


Constant 
Determined 
of  with 

Major  Calculated  Calculated    Standardized    1 
Axis      Diameter  Constant  K    Castor  Oil         d 
0.149         221.4  256.5  17. 

0.106         972.9  1025.  28. 


0.152 
0.108 


Experimental  Results 

Table  I  gives  a  summary  of  the  results  en  eleven  starch 

products.    The  first  five  are  the  thick  boiling  starches,  the 

next  five  are  the  tlun  boiling  starches,  and  the  last,  Mazam, 

a  partly  dextrinized  starch  containing  4  to  6  per  cent  of 


reducing  sugars.  The  column  "consistency  of  cold  paste" 
gives  the  molding  quaUty  of  the  paste. 

The  sets  of  curves  give  the  experimental  results  of  a 
certain  concentration  of  each  starch  on  the  two  capillaries 
used.  In  making  the  tests,  about  three  concentrations  were 
tested  that  would  come  within  the  upper  and  lower  linaits  for 
best  flow  through  the  plastometer.  Since  starch  users  have 
been  accustomed  to  the  term  fluidity,  the  values  of  the 
mobilities  were  included  in  the  tabulation. 

The  chemical  differences  of  the  ten  starches  are  given  in 
Table  II. 

Table  II 
Name  Moisture  Acidity  Alkalinity  Soluble  Protein 

No.        of  Starch           Percent  Per  cent  Per  cent  Per  cent  Per  cent  Fluidity 

1  GlobePearl 10.38       0.06           ..  0.09       0.54 

2  Buffalo 10.45       0.09            ..  0.20       0.47 

3  Special  Molding  .  .      10.92       0.07           ..  0.35       0.46 

4  Acid  Lump 11.68       0.08           ..  0.22       0.43 

5  Niagara 11.61          ..           0.04  0.62       0.56 

6  2  F  Eagle  Fin.***.      11.83       0.07           ..  0.33       0.40        22.5 

7  4FEagleFin.**    .        9.98       0.07           ..  .34       0.43        46.0 

8  5  F  Eagle  Fin.****     10  10       0.08           ..  .84       0.44         57.5 

9  7FEagleFin.*    ..      10.15       0.08           ..  2.19       0.40        71.5 

10  9  F  Foxhead 9.85       0.10  ..  1.25       0.47         94.0 

11  Mazam 8.16  ..  ..  99.0 

GLOBE  PEAHL  STARCH — The  Variations  in  the  results  ob- 
tained are  attributable  to  the  fact  that  the  final  temperature 
to  which  the  paste  was  heated  varied  to  some  extent.  Two 
samples  of  pastes  of  8  per  cent  on  dry  substance  were  made 
up  in  identically  the  same  way  except  that  one  was  heated 
to  90°  to  95°  d,  the  other  to  85°  only.  The  paste  obtained 
from  the  90°  temperature  was  very  firm,  giving  a  yield  value 
with  capUlary  6  of  221  g.  per  sq.  cm.  and  a  mobUity  of  0.153. 
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The  8  per  cent  paste  kept  at  85°  C.  had  a  yield  value  of  106 
g.  per  sq.  cm.  and  a  mobility  of  0.490.     Its  consistency  was 


20  per  cent  concentration  but  never  fu-m;  9  F  becomes  fair 
with  22.5  per  cent  concentration  and  remains  a  smooth 
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weak.  A  9  per  cent  concentration  heated  to  87°  gave  a 
slightly  higher  yield  value  than  the  8  per  cent  heated  only 
to  85°  C.  The  mobility  of  this  9  per  cent  paste  was  almost 
three  times  as  high  as  that  of  the  8  per  cent  heated  to  90°  C, 
which  under  normal  conditions  should  have  been  reversed. 
These  variations  really  existed  in  the  pastes  because  the 
9  per  cent  paste  was  much  weaker  than  the  8  per  cent.  The 
determined  dry  substance  on  these  pastes  checked  the  coii- 
centrations  given.  A  9  per  cent  paste  heated  to  85°  C.  gave  a 
lower  yield  and  about  the  same  mobility  as  the  9  per  cent 
heated  to  87°  C.  However,  the  9  per  cent  paste  heated  to 
85°  gave  a  higher  yield  value  than  the  8  per  cent  paste  heated 
to  85°  C,  which  is  consistent.  Both  pastes  heated  to  85°  C. 
were  weak.  Globe  Pearl  pastes  of  this  concentration  should 
give  firm  pastes  and  evidently  it  may  be  best  to  heat  these 
pastes  to  90°  C.  rather  than  to  85°  so  as  to  make  sure  that 
gelatinization  is  complete.  This  slowness  of  gelatinization 
is  noticed  with  some  materials  more  than  with  others.  The 
character  of  the  curves  is  regular,  the  flow  being  directly 
proportional  to  the  increase  of  pressure  (at  the  higher  pres- 
sures). 

BUFFALO  STARCH — The  curves  are  very  consistent,  being 
typical  plastic  flow  curves.  Even  when  the  yield  value  is 
high,  the  mobility  is  also  comparatively  high. 

SPECIAL  MOLDING  STARCH— Gives  fairly  regular  curves. 

ACID  LUMP  STARCH — The  curves  are  regular  plastic  flow 
curves.    Results  are  consistent. 

All  of  the  acid  starches  give  mobilities  that  are  from  2.00 
to  0.300,  depending  on  the  concentration.  The  mobilities 
as  determined  by  the  two  capillaries  seldom  check,  usually 
being  lower  with  the  smaller  capillary,  sometimes  only  one- 
half  of  the  value  obtained  with  the  larger  capillary. 

NIAGARA  STARCH  (a  slightly  alkaline  starch) — The  curves 
are  very  good  type  curves,  the  flow  at  higher  pressures 
being  directly  proportional  to  the  increase  of  pressure.  The 
mobilities  in  the  3  cases  for  the  2  difTerent  capillaries  check 
almost  within  experimental  error.  The  mobilities  go  to  0.05 
on  the  8  per  cent  concentration.  The  yields  are  much  higher 
than  corresponding  concentrations  of  8  per  cent  acid  starches. 

THIN  BOILING  STARCHES — The  characteristics  of  7  F  and 
9  F  were  much  different  from  those  of  the  other  starches. 
They  never  became  firm  enough  to  give  a  fracture  similar 
to  the  other  starches.  9  F  especially  gives  a  smooth  uniform 
paste  of  very  good  spreading  power.  2  F  gives  a  very  firm 
paste  with  9  per  cent  concentration,  4  F  with  11  per  cent,  5 
F  with  15  per  cent,  7  F  pastes  become  fair  in  consistency  at 
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uniform  paste  even  up  to  35  per  cent.  With  7  F  starch  the 
yield  values  remain  about  the  same  at  the  different  concen- 
trations, about  220  g.  per  sq.  cm.  The  mobilities  of  higher 
concentrations  of  7  F  and  9  F  are  very  low,  0.0123  to  0.00436 
for  7  F  and  0.00285  to  0.000883  for  9  F,  showing  that  pastes 
have  a  very  good  body  and  excellent  covering  power,  and 
wiU  not  flow  easily.  The  characteristics  of  the  more  modified 
thin  boiling  starches  make  them  very  desirable  for  sizing  pur- 
poses, on  account  of  the  large  concentrations  in  which  they 
can  be  used  and  other  characteristics  such  as  low  mobility 
and  fairly  high  yield  value. 

Yield  values  for  the  different  thin  boiling  starches  are 
higher  for  the  smaller  capillaries.  The  mobilities  are  lower 
for  the  smaller  capillary,  sometimes  checking  to  within  ex- 
perimental error  and  sometimes  one-half  as  large. 

The  thin  boiling  starches  give  results  that  make  it  difficult 
to  obtain  the  yield  and  mobUity  values,  because  even  at  the 
liighest  pressures  the  increase  of  flow  appears  to  be  some 
function  of  the  pressure.  Comparison  of  these  starches  will 
have  to  be  made  with  the  use  of  other  mathematical  equa- 
tions.     When  some  of  these  curves  were  plotted  on   loga- 
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rithmic  paper,  even  the  lower  points  fell  into  a  single  straight 
line,  showing  that  the  flow  is  some  function  of  the  pressure 
even  at  the  lower  pressures.  Ilorschcl  and  Ucrgquist  point 
out  that  a  slight  difference  in  weighting  of  points  will  rau^o 
a  great  variation  in  the  yield  and  that  in  reality  nearly  all 
points  were  on  the  curved  part  of  the  graph.  They  claim 
there  is  a  lack  of  accurate  formulas.    The  same  was  found 
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true  with  these  results.  In  most  cases  different  possibilities 
were  weighted  and  the  most  logical  values  taken.  These  are 
beUeved  to  be  approximately  correct. 

Conclusion 

In  general  the  plastometer  has  given  very  interesting  data. 
It  has  many  times  enabled  the  laboratory  to  advise  exactly 
what  product  wiU  satisfy  a  particular  requirement.    Also, 


it  has  been  used  in  conjunction  with  the  chemical  analysis 
to  tell  what  product  would  exactly  match  a  submitted  prod- 
uct. Some  of  the  data  obtained  indicated  that  the  empirical 
formulas  of  the  first  degree  as  used  at  present  wiU  have  to 
be  modified.  Investigation  will  also  have  to  be  carried 
further  as  to  the  effect  of  final  temperature  to  which  the 
pastes  are  heated  as  well  as  the  effect  of  different  ingredients 
on    the    starches. 


The  Tyndallmeter  Reading  of  Soil  Dispersoids' 

PEELIMINARY  REPORT 
By  F.  M.  Scales  and  Franklin  W.  Marsh 
Ofpicb  of  Son.  Bactbriology  Investigations,  Bureau  of  Plant  Industry,  U.  S.  Department  op  Agriculture,  Washington,  D.  C. 


The  work  herein  reported  was  performed  to  obtain  supple- 
mentary data  for  a  bacteriological  investigation  so  that  we 
might  gain  a  better  knowledge  of  the  conditions  under  which 
the  bacterial  flora  of  the  soUs  was  maintained.  A  complete 
report  will  be  published  in  the  near  future. 

Investigators  have  in  the  past  made  determinations  of  the 
dispersoid  content  of  soils  by  the  water-vapor  adsorption, 
dye  or  gas  adsorption,  and  suspension  methods.  The  first 
two  usually  require  a  modification  of  procedure  for  each  soil 
type  and  on  this  account  are  not  well  adapted  for  the  study 
of  a  variety  of  soils.  The  suspension  method  gives  the  most 
promise  and,  if  a  satisfactory  procedure  can  be  developed, 
ought  to  yield  fairly  close  results. 

In  this  investigation  a  suspension  method  was  employed 
in  order  to  obtain  a  measure  of  the  concentration  of  the 
disperse  phase  in  a  soil  by  means  of  a  Tyndallmeter.  The 
suspensions  from  the  naturally  moist  soils  were  examined 
for  dispersoid  content  after  thej"^  had  stood  for  24  hrs.  No 
attempt  was  made  to  determine  the  size  of  the  organic  or 
inorganic  particles  in  the  disperse  system  but,  if  it  is  assumed 
that  the  size  of  the  particles  left  in  suspension  after  24  hrs.' 
settling  was  approximately  the  same  for  the  different  soUs, 
the  strength  of  the  TyndaU  beam  may  be  taken  as  roughly 
proportional  to  the  concentration  of  dispersed  material.'' 

In  any  case,  since  all  the  suspensions  were  prepared  by  a 
uniform  procedure,  the  factors  obtained  bear  sufficient  re- 
lation to  each  other  to  furnish  a  good  index  of  the  compara- 
tive concentrations  of  the  small  particles  which  may  be  im- 
portant factors  in  the  maintenance  of  soil  fertility. 

Appakatus 

In  1919  Tolman  and  \liet'  published  a  description  of  an 
apparatus  wliich  they  had  perfected  for  measuring  the 
strength  of  the  TyndaU  beam  produced  by  suspensions, 
colloidal  solutions,  smokes,  and  mists.  The  specifications 
for  the  Tyndallmeter  may  be  found  in  the  publication  re- 
teiTed  to.  The  apparatus  with  the  equipment  necessarj^ 
for  its  operation  is  shown  in  the  figure. 

The  TjTidallmeter  is  designated  by  the  letter  A  on  its 
triangular  support.  Readings  are  made  with  the  apparatus 
by  inserting  the  suspension  in  its  container  in  the  chamber 
B,  and  examining  it  through  the  eyepiece  of  the  Macbeth 
Uluminometer  just  above.  The  illuminometer  is  connected 
by  wires  with  the  milammeter  C,  which  in  turn  is  connected 
with  the  three  dry  cells.  The  lamp  which  furnishes  the 
Ught  for  the  TyndaU  beam  is  at  the  lower  end,  D,  of  the  Tyn- 
daUmeter  and  is  connected  bj'  a  wire  with  the  positive  pole 

■  Received  August  3,  1921. 

'  R.  C.  Tolman,  L.  H.  Reyerson,  E.  B.  Vliet,  R.  H.  Gerke,  and  A.  P. 
Brooks,  "The  Relation  between  Intensity  of  TyndaU  Beam  and  Concen- 
tration of  Suspensions  and  Smokes,"  J.  Am.  Chem.  Soc,  iX  (1919),  300. 

'  "A  Tyndallmeter  for  the  Examination  of  Disperse  Systems,"  J.  Am. 
Chem.  Soc,  41  (1919),  297. 


of  the  storage  battery  E.  The  negative  pole  of  this  battery 
is  connected  with  the  carbon  compression  rheostat  F,  which 
in  turn  is  joined  to  the  ammeter  G,  from  which  the  current 
passes  to  the  lamp  of  tlie  TyndaUmeter  through  the  switch 
H.  The  ammeter  G  is  kept  set  at  three  amperes  when 
readings  are  made. 

The  wooden  horse  which  has  been  employed  for  the  support 
of  the  Tyndallmeter  is  simple  in  construction  but  very  con- 
venient for  adjusting  the  apparatus  to  any  angle  that  suits  the 
observer. 

Although  aU  readings  of  soil  dispersoids  in  the  TyndaU- 
meter are  made  in  a  dark  room,  it  is  found  very  trying  to  the 


Fig.  1 

eyes  to  determine  the  end-point,  owing  to  the  difficulty  of 
matching  the  intensity  of  the  lights  when  the  colors  are 
different.  A  screen  placed  in  the  eyepiece  makes  the  read- 
ings much  easier  to  obtain.  It  is  prepared  essentiaUy  as 
described  by  Crabtree^  by  clearing  an  unexposed  Hammer 
photographic  dry  plate  in  a  regular  hypo  solution  and  then 
thoroughly  washing  and  drying  it.  The  plate,  gelatin  side 
up,  is  put  in  a  developing  tray  containing  a  fUtered  solution 
of  0.1  per  cent  of  Aniline  Brown  and  allowed  to  adsorb  the 
color  for  10  min.  The  tray  should  be  tilted  back  and  forth 
for  a  short  time  when  the  plate  is  first  immersed  and  then  at 
intervals,  as  this  procedure  tends  to  make  a  more  uniformly 
colored  plate.  At  the  end  of  tliis  time  the  plate  is  rinsed  for 
1  min.  in  ice  cold  water  and  dried  where  it  wiU  be  free  from 
dust.  The  plate  is  cut  in  smaU  squares,  and  three  thicknesses 
are  placed  in  the  eyepiece.  A  test  with  and  without  the 
screen  showed  that  more  uniform  readings  were  obtained  with 
it. 

Standardization 

It  is  necessary  to  standardize  the  light  of  the  iUuminometer 
and  that  for  the  TjmdaU  beam. 

'  "How  to  Make,  Fit  and  Use  Light  Filters,"  Amateur  Pkolographer  and 
Photographic  News,  49  (1909),  173. 
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The  illuminometer  light  is  standardized  with  the  apparatus 
made  for  that  purpose  by  Leeds  and  Nortlirup  Co.  Since 
the  standardization  has  been  doscril)cd  by  Tolman  and  Vliet 
it  wUl  not  be  repeated  lierc.  In  our  worlc  the  lamp  is  adjusted 
so  that  the  actual  luunljcr  of  apparent  foot  candles  is  only  one- 
half  as  many  as  indicated  by  the  ilhnninonieter  scale.  The 
number  of  mil-amperes  required  to  keep  the  lamp  at  this 
adjustment  is  maintained  in  all  tests. 

The  light  for  the  Tyndall  beam  is  standardized  by  means  of 
a  silica  suspension  prepared  in  the  foUomng  manner:  One- 
half  gram  of  silica,  ground  to  pass  a  200-mesh  sieve,  is  sus- 
pended in  one  liter  of  distUled  water  in  a  2-liter  flask,  and 
after  2  min.  300  cc.  of  the  suspension  are  withdrawn  by  a 
pipet.  The  tip  of  the  pipet  is  kept  2  em.  below  the  surface. 
Two  hundred  cc.  of  distilled  water  are  added  to  the  300  cc. 
and  the  resulting  dilution  is  employed  as  the  standard. 

The  special  glass  tubes  in  which  the  dispersoid  is  examined 
are  12  cm.  long  by  4.3  cm.  in  outside  diameter  and  the  glass 
is  approximately  1  mm.  thick.  The  tubes  are  first  filled  with 
■distilled  water  and  closed  with  a  1-hole  rubber  stopper  to 
prevent  the  inclusion  of  air  bubbles,  and  are  examined  in 
the  apparatus  to  determine  whether  any  correction  is  necessary 
for  the  reflection  of  light  from  the  glass.  The  correction  is 
so  small  that  it  has  been  ignored.  The  sUica  standard  is 
then  placed  in  the  tube  and  ten  consecutive  readings  made 
by  each  of  the  two  observers.  Five  readings  should  be  made 
by  approaching  the  end-point  from  the  zero  and  five  from  the 
maximum  end  of  the  scale  as  described  by  Tolman  and  Vliet. 
This  standard  solution  is  kept  in  a  well-sealed  flask  and  em- 
ployed for  the  frequent  standardization  of  the  apparatus. 
Methods 

The  soO  samples  are  passed  through  a  7-mesh  sieve  to  re- 
move plant  tissue  and  small  stones  and  to  produce  a  uniform 
texture,  and  they  are  then  thoroughly  mixed.  The  sifting 
and  mixing  are  done  as  rapidly  as  possible  to  prevent  loss  of 
moisture  by  evaporation.  The  moisture  content  of  the  soO 
is  then  determined  by  air-drying  two  2.5-g.  quantities  from 
■each  sample. 

When  the  percentage  of  moisture  is  known,  fom-  portions 
a,re  weighed  out  from  a  sample  so  that  each  one  is  equivalent 
to  5  g.  of  air-dry  soil.  These  portions  are  placed  in  1-liter 
Erlenmeyer  flasks,  and  500  cc.  of  distilled  water  are  added. 
The  flasks  are  stoppered  and  shaken  vigorously  for  5  min. 
and  allowed  to  stand  for  1  min.,  when  50  cc.  of  the  suspension 
are  withdrawn  from  each  with  a  pipet  by  inserting  the  tip 
2  cm.  below  the  surface.  The  four  50-cc.  aliquot  portions  are 
run  into  a  2-liter  Erlenmeyer  flask  and  diluted,  if  necessary, 
with  a  measured  quantity  of  distilled  water  so  as  to  give  a 
reading  between  1  and  10  on  the  Tyndallmeter  scale.  The 
investigator  will  soon  find  that  he  can  readily  estimate  the 
concentration  between  these  points.  If  the  suspension  is 
more  disperse  than  desired  a  second  50  cc.  from  each  flask  may 
be  added  to  it.  The  composite  suspension  is  shaken  vigor- 
ously for  1  min.  and  allowed  to  stand  24  hrs.  At  the  end  of 
this  time  all  but  200  cc.  of  the  supernatant  suspension  is 
siphoned  into  a  flask  and  well  shaken  for  1  min.  to  insure 
uniformity.  Two  of  the  special  tubes  are  filled  with  the 
suspension  and  read  in  the  Tyndallmeter.  A  similarly  pre- 
pared composite  suspension  is  also  read  as  a  check  on  the 
first  one. 

The  factor  for  the  concentration  of  the  disperse  system  is 
obtained  by  converting  the  actual  apparent  foot  candle  read- 
ing to  tlie  tlieoretical  value  for  1  g.  of  air-dry  soil.  The 
formula  employed  for  this  purpose  is 

vdr 
^    ""    27w 

where  X  is  the  factor  for  the  concentration  of  dispersoid  per 
gram  of  air-dry  soil;   v  is  the  total  volume  of  the  final  sus- 


pension; d  is  the  quotient  of  the  initial  total  volume,  generally 
2000,  by  the  aliquot  taken  for  the  final  suspension,  usually 
200;  r  is  the  Tyndallmeter  reading;  w  is  the  weight  in  grams 
of  air-dry  soil  employed  to  make  the  initial  total  volume  of 
suspension. 

Readings  op  Suspensions  prom  Sou.  32 


Table  I- 

-READINf 

Suspensi 

on  Ai 

3.00 

2.60 

2.98 

2.55 

2.90 

2.65 

2.90 

2.80 

2.9.5 

2.65 

2.90 

2.85 

2.80 

2.69 

2.85 

2.90 

2.91 

2.70 

2.85 

2.79 

2.904 

2.718 

Suspension  A2 

3.02 

2.87 

3.10 

2.79 

2.85 

2.84 

2.85 

2.91 

3.10 

2.71 

2.90 

3.09 

2.98 

3.02 

2  88 

2.78 

2.85 

2.85 

2.85 

2.90 

Suspension  Bi 

3.02 

2.91 

3.07 

2.79 

3.10 

3.03 

2.90 

3.13 

3.05 

2.93 

2.88 

2.75 

3.05 

3.00 

3.00 

2.80 

3.00 

2.91 

2.97 

3.04 

3.004 

2.929 

Suspension  Bt 

3.15 

3.10 

3.04 

2.85 

2.94 

2.85 

2.95 

3.05 

2.96 

3.07 

3.00 

2.91 

3.10 

3  20 

3.11 

3.02 

3.00 

2.77 

2.95 

2.97 

2.938 


2.876 


3.020 


2.979 


Data 


The  factor  for  the  concentration  of  disperse  phase  obtained 
by  the  method  outlined  has  been  determined  in  thirty-one 
soils  of  different  agricultural  values.  The  first  eight  (6  to  13, 
inclusive)  wer ;  kindly  sent  in  by  Dr.  A.  W.  Sampson  of  the 
Great  Basin  Experiment  Station,  Ephraim,  Utah.  They  are 
soils  that  have  been  overgrazed  and  are  now  supporting  weed 
growth  in  different  stages  of  succession.  The  soils  numbered 
31  to  34,  inclusive,  were  collected  by  the  junior  author  as  repre- 
sentatives of  types  used  in  Massachusetts  cranberry  bogs.  For 
all  tlie  remaining  samples  from  different  parts  of  the  country 
our  thanks  are  due  to  Dr.  C.  F.  Marbut,  in  charge  of  Soil 
Sm-vey  Investigations,  Bureau  of  Soils,  U.  S.  Department  of 
Agriculture. 

Most  of  the  soils  gave  duplicate  suspensions  that  checked 
very  closely,  but  a  few,  on  account  of  their  nature,  gave  sus- 
pensions showing  greater^differences.  In  Table  I  is  given  an 
example  of  the  results  that  may  be  obtained  by  carefuUy 
following  the  procedure  outlined. 


Table  II 

Dispersoid 

Concen- 

Sample 

Mean 

tration 

No 

Soil  Group 

Soil  Type 

Source 

Reading 

Factor 

101 

Clay  loam 

Utah 

1.016 

191 

7 

Clay  loam 

Utah 

1.685 

211 

12 

Clay  loam 

Utah 

1.117 

356 

9 

Clay  loam 

Utah 

1.031 

387 

11 

Clay  loam 

Utah 

1.656 

621 

25 

Clay  and 

Clay 

Texas 

2.8.W 

712 

8 

*      clay  loam 

Clay  loam 

Utah 

3.063 

1532 

13 

Clay  loam 

Utah 

5 .  538 

2077 

30 

Clay 

Alabama 

7.380 

3690 

6 

Clay  loam 

Utah 

8.230 

4115 

20 

Clay  loam 

UUh 

14.390 

7195 

24 

Clay 

Texas 

22.840     : 

!2840 

18 

Loam 

Indiana 

1.634 

82 

28 

Silt  loam 

Idaho 

1.113 

223 

20 

Silt  loam 

N.  Dakota 

2.631 

263 

21 

vSilt  loam 

N.  Dakota 

S.S.'iS 

278 

37 

Silt  and 

Silt  loam 

Idaho 

3.577 

711 

14 

siit  loam 

Silt  loam 

Kentucky 

2.178 

1089 

17 

Silt  loam 

Nebraska 

7.519 

2820 

15 

Silt  loam 

Kentucky 

8.196 

4057 

22 

Silt  loam 

New  York 

11.1.50 

.5.575 

27 

Silt  loam 

N.  Carolina 

12.600 

6300 

16 

Silt  loam 

Nebraska 

14.620 

7.500 

33 

Sand 

Massachusetts 

Trace     ' 

rrace 

19 

Sand  and 

Sandy  loam 

Indiana 

1 . 0.S5 

51 

29 

sandy  loam 

Sand 

Alabama 

1 .  470 

74 

3fj 

Sand 

MicliiRaii 

4.730 

237 

35 

Sandy  loam 

Michigan 

1.310 

329 

31 

Sandy  muck 

Massachusetts 

Trace     ' 

Trace 

34 

Dogland 

Bogland 

Massachusetts 

1.610 

7« 

32 

Woodland  muck 

Massachusetts 

2.920 

439 

The  average  reading  of  Suspensions  Ai  and  Aj  i.s  2.859; 
of  Suspensions  Bi  and  B,,  2.984.    The  mean  of  tliese  readings 
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is  2.922,  and  the  variation  of  the  averages  from  this  is  2.2 
per  cent. 

In  Table  II  are  the  results  obtained  from  the  thirty-one 
soils.  It  will  be  noticed  that  the  mean  readings  do  not 
increase  in  the  same  order  as  the  dispersoid  concentration 
factors.  This  difference  is  due  to  the  fact  that  the  mean 
readings  were  made  with  dilutions  of  dispersoid  that  varied 
for  the  different  soils. 

An  examination  of  the  readings  obtained  with  these  soils 
shows  that  the  average  error  from  the  mean  is  2.54  per  cent. 
In  obtaining  this  figure  the  results  of  five  soils  are  omitted 


on  account  of  abnormally  high  percentage  errors.  '  No  effort 
was  made  to  get  closer  checks  on  these  samples,  because  four 
of  the  factors  were  so  low  and  one  so  high  that  an  exact  check 
would  not  in  any  case  have  altered  the  relative  values  of  the- 
soils. 

The  relation  of  these  dispersoid  concentration  factors  to- 
the  other  data  that  have  been  obtained  will  be  discussed  in  a 
future  report. 

Summary 

A  procedure  is  given  for  obtaining  by  means  of  a  TyndaU- 
meter  a  factor  for  the  concentration  of  dispersoid  in  a  soil. 


The  Determination  of  Glycerol  in  the  Presence  of  Sugars' 

By  L.  F.  Hoyt  and  H.  V.  Pemberton 
Genbral  Research  Laboratory,  Larkdj  Co  .  Inc.,  Buffalo,  N.  Y. 


The  accurate  estimation  of  glycerol  in  transparent  soaps 
is  attended  with  difficulty  on  account  of  the  cane  sugar  which 
is  almost  invariably  present. 

AvAii-ABLE  Methods  for  Glycerol  Analysis 

It  is  obvious  that  the  sugar  will  oxidize,  in  part  at  least, 
and  give  rise  to  uncertain  results  if  an  attempt  is  made  to 
determine  glycerol  by  the  Hehner  method,^  in  which  the 
sample  is  oxidized  with  potassium  dicliromate  in  acid  solution. 
The  acetin  method  of  Benedikt  and  Cantor^  is  open  to  the 
objection  that  sugars,  ha^dng  numerous  hydroxyl  groups,  are 
acetylated  by  acetic  anhydride  in  much  the  same  manner  as 
glycerol.* 

The  alkaline  permanganate  method  of  Benedikt  and  Zsig- 
mondy^  should  theoretically  work  on  a  mixture  of  glycerol 
and  sugar,  since  it  depends  on  the  supposition  that  glycerol 
only  is  oxidized  to  oxalic  acid  by  potassium  permanganate  in 
alkaline  solution.  As  a  matter  of  fact,  however,  invert 
sugar  was  subsequently  found  to  be  quantitatively  oxidized 
to  oxalic  acid  by  this  method.  A  test  made  in  our  laboratory 
showed  that  an  amount  of  oxalic  acid  equivalent  to  practically 
100  per  cent  of  the  theoretical  quantity  was  produced  when 
pure  invert  sugar  was  subjected  to  oxidation  with  alkaline 
permanganate  in  the  usual  way.  This  method  as  applied  to 
straight  glycerol  analyses  has  been  adversely  criticized  bj' 
Lewkowitsch^  and  by  Allen.'  Experiments  in  our  labora- 
tory have  indicated  that  the  method  gives  low  results  on 
crude  and  C.  P.  glycerols.  The  method  is  tedious  and 
cumbersome,  and  a  more  convenient  method  capable  of  giving 
better  results  on  glycerol  was  therefore  sought.  The  iso- 
propyl  iodide  method  of  Zeisel  and  Fanto'  was  not  considered 
because  it  has  been  sharply  criticized  by  Lewkowitsch,'  and 
is  moreover  complicated,  tedious,  and  of  doubtful  accuracy 
in  presence  of  sugar. 

The  most  usual  method  of  determining  glycerol  in  the 
presence  of  sugar  is  of  course  that  of  Donath  and  Maj-rhofer,'" 
or  one  of  its  various  modifications,  in  which  the  sample  is 

'  Received  January  26,  1921. 

'  J.  Soc.  Chem.  Ind.,  17  (1898),  330. 

ilbid..  7   (1888),  696. 

<  The  acetio  method  was  applied  in  our  research  laboratory  to  0.5  g. 
of  invert  sugar.  As  dextrose  and  levulose  both  contain  five  hydroxyl  groups 
a  pentacetate  might  be  expected  to  form  under  suitable  conditions.  It  was 
found  that  invert  sugar  apparenUy  took  on  4(C»HiOb)  groups,  or,  as  is  more 
lilcely,  acetylated  to  a  mixture  of  acetates,  whose  net  average  was  a  tetrace- 
tate,  since  the  above  quantity  of  invert  sugar  gave  a  recovery  of  95.3  per  cent 
on  the  assumption  that  tetracetates  were  formed. 

•  J.  Soc.  Chem.  Ind.,    S    (1885),   610. 

•  "Oils,  Fats  and  Waxes,"  5th  Ed.,  I,  447. 

'  "Commercial  Organic  Analysis,"  4th  Ed.,  XI,  457. 

•  Z.  landw.  Versuchw.,  6  (1902),  729. 

•  1.01:.   cil.,  I,  450. 

"  Z.  anal.  Chem.,  20  (1881),  383. 


treated  with  lime  or  baryta  to  render  the  sugars  insoluble,  and 
the  glycerol  is  extracted  from  the  nearly  dry  mixture  with 
various  solvents.  Any  chemist  who  has  ever  tried  this  method 
cannot  but  have  been  impressed  with  its  tediousness,  many 
chances  of  losses,  and  resultant  inaccuracy. 

The  method  of  Cook,"  which  is  really  an  adaption  of  the 
Shukoff  and  Schestakoff'-  method  for  the  determination  of 
glycerol  in  meat  and  meat  extracts,  would  not  appear  to  be 
applicable  in  the  presence  of  sugar  since  it  is,  in  effect,  merely 
an  acetone  extraction  of  the  sample  which  has  been  dehy- 
drated by  mixing  ■nith  sand  and  anhydrous  sodium  sulfate, 
and  does  not  render  sugar  insoluble  if  present.  Methods  such 
as  precipitation  of  glycerol  with  copper  sulfate,'^  distillation 
of  glycerol  in  vacuo  from  a  solution  containing  sugar  or 
salts,"  distillation  in  vacuo  with  the  aid  of  sandalwood  oU'* 
or  precipitation  as  sodium  glyceride'^  were  examined  and 
found  inapphcable  to  the  present  problem. 

Experiments  with  the  Donath  and  Mayehofer 
Method 

An  attempt  was  made  to  apply  tliis  method  to  the  present 
problem,  using  known  weights  of  pure  sugars  and  glycerol 
of  known  purity.  Glycerol  is  normally  determined  in  a 
sample  of  soap  by  cracking  with  dilute  sulfuric  acid  and 
determining  glycerol  in  the  acid  filtrate  by  the  dichromate 
or  acetin  methods.  In  the  case  of  a  transparent  soap 
containing  cane  sugar,  the  acid  filtrate  would  contain  the 
sugar  in  the  form  of  invert  sugar.  Hence  in  the  experiments 
known  equal  weights  of  pure  dextrose  and  pure  levulose,  i.  e., 
invert  sugar,  were  used. 

These  results  showed  that  continued  extraction  with  ace- 
tone graduahy  dissolved  the  sugars.  The  difficulty  of  deter- 
mining when  extraction  was  complete  and  of  removing  aU 
of  the  solvent  without  losing  glycerol  was  so  great  and  the 
results  were  so  unreliable  that  no  further  work  was  done  with 
the  method. 

Quantitative   Oxidation  of   Sugar  and   Glycerol   by 
Potassium  Bichromate  in  Acid  Solution 

It  seemed  to  the  authors  that  it  should  be  possible  to  ojd- 
dize  a  mixture  of  sugar  and  glycerol  quantitatively  with 
dichromate.  Since  the  sugar  in  such  a  mixture  could  be 
readily  determined  by  a  method  like  that  of  Munson  and 
Walker"  it  would  be  possible  to  calculate  the  glycerol. 

"  J.  Assoc.  OMcial  Agr.  Chem.,  1  (1915),  279. 

"  Z.  angew.  Chem..  18  (1905),  294. 

"  C.  A..  6  (1912),   1072. 

"/6i<f.,  8   (1914),  772. 

«  J.  Am.  Pharm.  Assoc,  4  (1915),  75. 

••  C.  A.,  11   (1917),  216. 

"  J. /Im.  CAm.  Soc,  28  (1906),  663;    29  (1907),  541;    34  (1912),  202. 
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EXPT.    I — DOMATH  AND  MAYRHOFBR  METHOD 

Solvent:  Equal  parts,  absolute  alcohol  and  ethyl  ether. 
Conditions:  Mixture  of  0.125  g.  dextrose,  0.125  g.  levulose.  0.25  g.  C.  P. 
glycerol  (96.23  per  cent),  and  25  cc.  water,  evaporated  at  60°  C.  nearly  to 
dryness,  after  addition  of  0.750  g.  hydrated  lime,  and  sand.  Residue  ex- 
tracted with  successive  portions  of  ether-alcohol,  which  was  evaporated  at 
low  temperature,  and  glycerol  in  residue  determined  by  dichromate  method. 
Recovery  of  Glycerol: 

Test  Per   cent 

1  54.0 

n  81.97 

in  91.66 

ExpT.  II — Donate  and  Mavrhofer  Method 

Solvent;      Redistilled  acetone. 

Conditions:    Test  I — -Same  weight  of  materials  as  used  in  Expt.  I;   residue 
extracted  with  successive  portions  of  solvent  in  the  evaporating  dish;  glycerol 
determined  by  dichromate  method.     Test  II — Same  weight  of  materials  as 
in  Test  I;   dried  residue  extracted  in  Soxhlet  extractor  for  10  hrs. 
Recovery  of  Glycerol: 

Test  Per  cent 

1  67.4 

II  164.1 

Potassium  dichromate  should  act  upon  invert  sugar  in 
acid  solution  according  to  the  following  balanced  equation: 

CjHuO.  +  4  K'CnOr  +  16H2S04  =  6  CO2  +  4Cr2  (SO.)j  +  4  £2804  +  22  H2O 
181.26  1176.8 

The  regular  Hehner  or  dichromate  method  for  glycerol 
uses  a  potassium  dichromate  solution  containing  74.552  g. 
per  liter  (1.5204  N),  of  wliich  1  cc.  is  equivalent  to  0.0100 
g.  of  glycerol.  According  to  the  above  equation,  1  cc.  of  a 
1.5204  N  dichromate  solution  should  be  equivalent  to  0.01142 
g.  of  invert  sugar. 

It  was  found  by  experiment  that  the  Hehner  method  ap- 
plied in  the  usual  way  to  a  known  weight  of  a  pure  hexose 
sugar  gave  a  recovery  of  about  85  per  cent.  It  was  dis- 
covered, however,  that  pure  dextrose  and  levulose  were 
completely  oxidized  if  a  large  excess  of  both  potassium 
dichromate  and  of  sulfuric  acid  was  used.  Samples  of  dex- 
trose and  levulose  of  known  purity  were  separately  oxidized; 
the  dextrose  gave  a  recovery  of  99.90  per  cent  and  the  levulose 
99.75  per  cent,  an  average  of  99.83  per  cent.  Hence  it  may 
justifiably  be  said  that  pure  invert  sugar,  i.  e.,  one-half  each 
of  dextrose  and  levulose,  which  would  result  from  the  acid 
hydrolysis  of  sucrose  in  dilute  solution,  is,  within  the  limits 
of  experimental  error,  quantitatively  oxidized  by  potassium 
dichromate  under  the  proper  conditions.  Similarly,  C.  P. 
glycerol  of  kno^Ti  purity  gave  a  recovery  of  100.06  per  cent 
when  oxidized  in  a  solution  containing  a  large  excess  of 
dichromate  and  sulfuric  acid. 

Pure  sucrose  oxidized  directly  by  the  new  dichromate 
method  gave  a  recovery  of  99.98  per  cent,  as  was  to  be  ex- 
pected, since  it  must  be  inverted  rapidly  in  the  hot  acid 
solution. 

There  is  one  transparent  soap  on  the  market  which,  by  test, 
contains  no  sugar.  Analyses  for  glycerol  by  the  writers' 
method  were  made  on  this  soap  and  on  a  sample  of  the  same 
soap  to  which  10  per  cent  cane  sugar  was  added,  with  the 
following  results,  expressed  in  per  cent: 

(1)        (2)    (Av.) 

Glycerol  in  original  sugarless  transparent  soap 3.43 

Glycerol  in  soap  4-  10  per  cent  cane  sugar 3.34     3.40     3.37 

Application  op  the  Mkthod  to  Tkansparent  Soaps 

This  preliminary  work  proved  that  the  method  would 
oxidize  quantitatively  a  mixture  of  invert  sugar  and  glycerol 
(or  of  cane  sugar  and  glycerol  since  cane  sugar  would  of  course 
rapidly  become  invert  sugar  in  the  strongly  acid  solution 
used).  The  method  was  accordingly  applied  to  the  analysis 
of  transparent  soaps  containing  glycerol. 


Five  samples  of  transparent  soap  were  analyzed  for  cane 
sugar  by  the  regular  Munson  and  Walker  method,'*  and  for 
glycerol  by  the  writers'  method,  with  the  following  results. 
Each  of  the  check  results  represents  a  complete  separate 
determination. 


' — Per  cent  Cane  Sugar — * 

Soap  Sample  1  Sample  2  Av. 

I  11.76         11.90  11.83 

TI  5.15            5.25  5.20 

III  11.56    11.61  11.59 

IV  ...  2.72 
V  ...            17.45 


. Per  Cent  Glycerol . 

Sample  1  Sample  2  Av. 

10.27  10.14  10.21 

12.80  12.85  12.83 

8.89           8.91  8.90 

18.30  18.30  18,30 

8.13           8.13  8.13 


The  only  precaution  necessary  to  secure  concordant  re- 
sults on  transparent  soaps  was  completely  to  remove  the 
alcohol,  which  these  soaps  invariably  contain,  by  boiling  the 
acid  filtrate,  obtained  by  cracking  the  soap,  for  20  to  30 
min.;  otherwise  the  alcohol  remaining  would  be  oxidized 
by  the  dichromate  and  give  high  and  discordant  re.sults. 

Other  Applications  op  the  Method 

In  the  limited  time  available  the  authors  were  able  to  try 
the  method  on  only  three  other  types  of  products. 

fermented  products — It  is  often  necessary  in  food  anal- 
ysis to  determine  glycerol  in  fermented  products,  such  as 
vinegar  or  alcoholic  beverages.  The  authors  believe  that 
their  method  can  be  successfully  used  in  such  cases  instead  of 
the  Donath  and  Mayrhofer  method.  Alcohol  can  be  re- 
moved readily  by  boUing  or  repeated  evaporation,  and  acetic 
acid  appears  not  to  be  oxidized  by  potassium  dichromate  and 
sulfuric  acid.  (Blanks  on  the  dichromate  method,  run  with 
and  without  the  addition  of  a  known  weight  of  sodium 
acetate,  showed  that  no  dichromate  was  consumed;  hence 
no  acetate  was  oxidized.)  In  fact,  some  modified  dichromate 
methods  for  the  determination  of  glycerol,  such  as  those  of 
Steinfels"  and  Little  and  Fenner^"  use  lead  or  silver  acetate 
in  the  preliminary  purification  of  samples. 

grape  juice — The  difficulty  would  lie  in  the  complete 
removal  of  organic  matter  other  than  sugar  or  glycerol  by 
clarification.  The  method  was  tried  out  on  unfermented 
Concord  grape  juice  (containing  no  glycerol)  both  before 
and  after  the  addition  of  a  known  amount  of  glycerol.  The 
sample  was  clarified  with  basic  lead  acetate  and  the  excess 
lead  removed  with  anhydrous  sodium  sulfate.  Analyses  for 
sugars  by  the  Munson  and  Walker  method  showed  14.81  per 
cent  reducing  sugars  (calculated  as  dextrose)  and  0.11  per 
cent  cane  sugar,  or  a  total  of  14.92  per  cent.  When  total 
sugars  were  determined  on  this  sample  by  dichromate  oxida- 
tion, according  to  the  authors'  method,  14.85  per  cent  were 
found,  a  recovery  of  99.5  per  cent.  Oxidation  of  the  sample 
containing  glycerol  gave  practically  100  per  cent  recovery. 
This  shows  quite  conclusively  that  clarification  was  complete 
and  that  nothing  o.xidizable  but  the  sugar  remained  in  the 
solution.  Obviously,  the  method  could  be  applied  to  the 
determination  of  glycerol  in  a  fermented  grape  juice,  and  it 
should  also  be  applicable  to  the  determination  of  glycerol 
in  vinegar. 

nonalcoholic  flavoring  extracts — Recently  there 
have  come  upon  the  market  nonalcoholic  flavoring  extracts 
in  which  glycerol  replaces  alcohol.  An  analysis  for  glycerol 
was  made  by  the  authors'  method  on  a  vanilla  extract  which 
also  contained  sugar.  The  sample  was  clarified  with  basic 
lead  acetate,  and  the  excess  lead  removed  witli  anhydrous 
sodium  sulfate.  Sugar  determination  by  the  Munson  and 
Walker  method  showed  1.05  per  cent  sugars,  expres.sed  as 
invert  sugar,  and  4.25  per  cent  sucrose — a  total  of  5.52  per 
cent  sugars,  expressed  as  invert  sugar.    Glycerol  as  deter- 

'»  "Methods  of  Analyses  of  the  A.  O.  A.  C,"  1920  Ed.,  78, 
'•  SeifcnsieJer-Zlg.,  ti  (1915),  721;   C.  A.,  9  (1915),  3371. 
»  J.  Am.  Leather  Client.  Assoc,  11  (1917),  254. 
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mined  by  the  WTiters'  method  was  found  to  be  47.42  per 
cent.  A  determination  of  glycerol  bj'  the  acetin  method  on 
the  same  sample  showed  49.24  per  cent,  a  liigh  value  on 
account  of  the  sugar  present.  The  result  of  47.42  per  cent  was 
stated  by  the  manufacturer  to  agree  very  closely  with  his 
manufacturing    formula. 

coiiMERCi.iL  GLUCOSE — Attempts  were  made  to  apply  the 
method  to  the  analysis  of  a  mixture  of  commercial  glucose 
and  glycerol.  The  glucose  had  a  specific  rotation  of 
aD836  =132.0°,  and  contained  85.48  per  cent  .solids.  When 
oxidized  by  the  authors'  method  it  showed  an  equivalent 
hexose  sugar  content  of  90.60  per  cent  and  90.63  per  cent  in 
check  analyses.  Repeated  attempts  to  determine  the 
dextrose  equivalent  of  this  glucose  by  the  ^Nlunson  and 
Walker  method,  after  supposedly  complete  hydrolysis  of  the 
sample,  invariably  led  to  low  results.  Variations  in  the 
conditions  of  hydrolysis,  i.  e.,  concentration  of  solution, 
strength  of  acid,  kind  of  acid,  duration  of  hj^di-olysis,  and 
temperature,  were  tried  without  satisfactory  results,  the 
highest  dextrose  equivalent  obtained  being  85.4  per  cent. 
Since  the  solids  of  the  sample  were  85.48  per  cent,  of  which 
an  appreciable  proportion  were  dextrins  and  other  interme- 
diate products  of  the  hydrolysis  of  starch,  it  was  ob\ious  that 
the  dextrose  equivalent  of  the  solids  must  be  greater  than  the 
solids  themselves. 

If  calculated  with  aid  of  the  composition-specific  rotation 
diagram  worked  out  by  Rolfe  and  Defren='  for  acid-hydrolyzed 
starch  products,  the  dextrose  equiA-alent  of  the  solids  in  a 
glucose  of  aD3S6  =  132°  and  total  sohds  of  85.48  per  cent  will 
be  found  to  be  91.3  per  cent,  a  figure  which  agrees  quite  closely 
with  those  obtained  by  dichromate  oxidation. 

Ob\aously,  the  authors'  method  cannot  be  used  to  estimate 
glycerol  in  the  presence  of  commercial  glucose,  on  account  of 
the  fact  that  no  satisfactory  method  now  exists  for  accurately 
and  quantitativel_v  determining  the  dextrose  equivalent  of 
the  solids  in  commercial  glucose.  In  the  unusual  event  that 
a  sample  of  the  glucose  was  available  which  was  known  to 
have  been  mixed  ■nath  the  glj-cerol,  in  which  admixture  it 
was  desired  to  know  the  glycerol  content,  the  method  could  be 
applied  by  finding  the  ratio  between  the  dextrose  equivalent 
of  the  glucose  as  determined  by  oxidation  and  by  copper. 
In  such  a  case,  however,  it  would  be  far  simpler  and  probably 
more  accurate  to  determine  the  glucose  bj'  the  polariscope. 
Experiments  in  our  laboratory  have  sho-mi  that  glycerol 
has  no  effect,  positive  or  negative,  on  the  optical  rotation  of 
commercial  glucose. 

Directions    for    Methods 

AS  APPLIED  TO  GLYCEROL  IN  TRANSPARENT  SOAPS — Dissolve 
25  g.ofsoap,  accurately  weighed,  in  300  cc.  of  hot  water  in  a  600-cc. 
beaker,  add  50  cc.  of  1  :  4  sulfuric  acid,  boil  gently  for  20  to  30 
min.  to  volatilize  any  alcohol  present  and  to  invert  the  cane 
sugar  completely  so  that  it  can  be  estimated  by  the  Munson  and 
Walker  method.  Cool  the  beaker,  remove  the  cake  of  fatty 
acids,  rinse  the  cake  with  distilled  water,  transfer  the  acid  solu- 
tion and  rinsings  to  a  1000-cc.  graduated  flask,  add  about  0.5  g. 
of  silver  sulfate  to  precipitate  traces  of  chlorides  and  soluble 
fatty  acids,  make  up  to  the  mark,  mix  the  contents  thoroughly, 
and  filter.  Determine  the  invert  sugar  in  50-cc.  aUquot  portions 
of  the  solution  (equivalent  to  1.25  g.  of  sample)  by  the  Munson 
and  Walker  method. 

For  the  oxidation  of  sugar  and  glycerol  transfer  a  50-cc.  por- 
tion of  the  above  solution  to  a  400-cc.  beaker,  using  an  accurately 
calibrated  pipet  or  buret,  add  accurately  with  a  buret  or  stand- 
ard pipet  75  cc.  of  strong  potassium  dichrom.ate  (74.552  g.  per 
liter,  of  which  1  cc.  =  0.0100  g.  glycerol)  and  then  add  25  cc. 
1.84  sulfuric  acid.  Cover  immediately  with  a  watch  glass, 
immerse  the  beaker  in  a  steam  bath,  and  oxidize  for  3  hrs.  Run 
a  blank  with  100  cc.  water,  25  cc.  1.84  s^ilftnic  acid  and  25  cc. 
strong  dichromate  (accurately  measured  with  a  buret  or  pipet), 
heating  as  described  above.  Make  up  the  cooled  solutions  to 
1000  cc.    in    graduated    flasks,  mix  thoroughly  and  determine 

«i  J.  Am.  Chem.  Soc,  18  (1896),  869. 


the  excess  dichromate  in  50-cc.  ahquot  portions  (one-twentieth 
of  the  o.xidized  solutions  of  blank)  by  adding  50  cc.  of  water  and 
20  cc.  of  10  per  cent  potassium  iodide  solution  and  titrating  the 
liberated  iodine  with  O.IJV  sodium  thiosulfate. 

Calculate  results  as  in  the  following  example: 

50  cc.  of  oxidized  solution  (1/20  aliquot  part)  required  37.26  cc.  0.1  N 
NaiSiOs. 

SO  cc.  blank  (1.25  cc.  strong  E:.Cr207)  required  19.00  cc.  0.1  A'  NajSiOj. 

Cane  sugar  (Munson  and  Walker  method)  =  11.83  per  cent. 

Invert  sugar  (cane  sugar  X  1.053)  in  50  cc,  taken  for  oxidation  =  0.1183 
X  1.053  X  1.25  =  0.1557  g. 

.'.  Invert  sugar  in  50  cc.  taken  for  titration  =  0.007785  g. 

1  cc.  KiCrjO?  (74.552  g.  per  1.)  =  0.01142  g.  invert  sugar. 

.'.  0.007785  g.  invert  sugar  required  0.682  cc.  EzCrjOr. 

Excess  K2Cr207  in  50-cc.  pt)rtion  titrated  = 

37  26 
1^  X  1  25  =  2.451  cc. 

KjCrzO;  used  to  oxidize  glycerol  in  1/20  aliquot  titrated  = 

75 

(0.682  +  2.451)   =  0.617  cc. 

20 


Per  cent  glycerol     = 


0.617   X  0.0100   X  20  X  100 
1.25 


=  9.87 


The  above  calculation  can  be  readily  simplified  to  four  equa- 
tions as^foUows: 

Let  a    =  per  cent  cane  sugar  in  the  sample. 

6    =    cc.  0.1  iV  Na3S203  required  to  titrate  1/20  aliquot  portion  of  the 
oxidized  portion  of  the  sample. 

c    =   cc.  0. 1  iV  Na2S20s  required  to  titrate  1/20  aliquot  portion  of  the 
blank. 

A  =  cc.  strong  KaCrjO?  used  by  the  sugar  in  1/20  aliquot  of  the  portion 
o.xidized. 

B  =  cc.  strong  K2Cr207  in  excess  in  1/20  aliquot  of  the  portion  oxidized. 

C  =  cc.  strong  K2Cr207  required  to  oxidize  the  glycerol  in  1/20  aliquot 
of  the  portion  oxidized. 

D  =  per  cent  glycerol  in  sample. 


Then    A  =  o  X  0.05761 
B  =  -^  X  1.25 
C  =  3.75-(A-t-B) 
D  =  C  XO.Ol  X20X  100=  16  C 


(1) 

(2) 

(3) 
(4) 


Special  attention  is  called  to  the  fact  that  in  the  calculations 
the  values  A,  B,  and  C  are  carried  out  to  0.001  cc.  This  acciu-acy 
is  warranted  because  the  titrations  are  all  made  with  O.liV  NajSjOs 
and  referred  back  to  the  strong  dichromate  whose  normality  is 
1.5204. 

FOR  SAMPLES  OTHER  THAN  TRANSPARENT  SOAPS — UsC  a  Sample 

of  such  size  that  the  aliquot  part  finally  used  for  oxidation  does 
not  contain  over  0.3  g.  of  sugars  plus  glycerol.  Different  sam- 
ples may  require  different  treatment  to  purify  them  from  inter- 
fering substances,  but  the  writers'  results  have  shown  that  alcohol 
and  albuminous  materials  can  be  readily  removed  and  do  not 
interfere. 

SUMMAEY 

1 — The  writers  have  evolved  a  modified  dichromate  oxida- 
tion method  which  •nill  determine  glycerol  quantitatively  in 
the  presence  of  cane  sugar,  or  of  reducing  sugars  of  such  a 
nature  that  they  can  be  quantitatively  estimated  by  some 
copper  reduction  process. 

2— -The  method  is  simple,  requires  no  elaborate  prepara- 
tion of  the  sample,  no  special  apparatus,  and  can  be  carried 
out  in  practically  the  same  time  as  the  usual  glycerol  analysis 
by  the  dichromate  method. 

3 — The  method  has  been  shown  to  give  very  consistent  and 
accurate  results  for  the  determiuation  of  glycerol  in  trans- 
parent soaps  containing  sugar,  and  glj'cerol  in  nonalcoholic 
vanilla  extract  containing  sugar. 

4 — It  is  believed  that  the  method  can  be  applied  also  to  the 
determination  of  glycerol  in  fermented  products. 

5 — The  method  cannot,  however,  be  applied  to  the  deter- 
mination of  glycerol  in  the  presence  of  commercial  glucose, 
pwing  to  the  lack  of  a  method  which  will  determine  accurately 
the  dextrose  equivalent  of  total  saccharine  matter  in  com- 
mercial glucose. 
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The  Determination  of  Acid   Number  of  Tung  and  Other  Vegetable  Oils"' 


By  L.  L.  Steele  and  G.  G.  Sward 

Bureau  of  Standards,  Department  op  Commerce,  Washington,  D.  C. 


Recently  Jameson'  has  shown  that  the  heat  test  for  the 
purity  of  tung  oil  (the  length  of  time  in  minutes  necessary 
to  cause  polymerization  or  jellying  of  the  oil  at  an  arbi- 
trary temperature)  is  influenced  greatly  by  the  free  fatty 
acid  content  of  the  oil.  Gardner'  has  shown  that  the  length 
of  tune  necessary  for  the  jellying  of  tung  oil  in  the  heat  test 
is  increased  in  direct  proportion  to  the  amount  of  free  fatty 
acid  of  tung  oil  added. 

As  Jameson  points  out,  the  free  fatty  acid  content  of  tung 
oil  is  important  and  he  recommends  that  the  present  max- 
imum allowable  percentage  of  free  acid  be  reduced  to  1  per 
cent.  (Standard  specifications  of  the  American  Society  for 
Testing  Materials  allow  not  over  3  per  cent.) 

It  was  noticed  at  the  Bureau  of  Standards  that  different 
acid  values  were  obtained  upon  a  given  sample  of  tung  oil 
when  alcohol  and  alcohol-benzene,  respectively,  were  used 
as  solvents.  Gardner  and  Coleman*  showed  that  the  acid 
value  of  a  varnish  appears  to  be  higher  when  alcohol-benzene 
mixture  is  used  as  a  solvent  than  when  alcohol  alone  is  em- 
ployed. Jameson  made  use  of  a  mixture  of  alcohol  and  ben- 
zene as  a  solvent  in  the  titration  of  the  free  fatty  acid  of 
tung-oU  samples. 

It  seemed  desirable  to  find  out  whether  the  higher  acid 
values  of  tung  oil  in  alcohol-benzene  mixiure  were  abnormal 
or  whether  the  present  standard  use  of  alcohol''  as  a  solvent 
leads  to  low  values.  In  this  connection  it  seemed  desirable 
also  to  investigate  the  use  of  alcohol-benzene  mixture  as 
the  solvent  for  other  oils  in  the  acid  number  determination. 
A  third  point  included  was  the  investigation  of  two  other 
factors  affecting  the  method  of  determining  acid  numbers  of 
vegetable  oUs,  namely,  the  possible  influence  of  caustic  soda, 
now  commonly  substituted  for  caustic  potash,  and  the  differ- 
ence, if  any,  between  the  use  of  aqueous  and  alcoholic  alkali 
in  the  titration  of  free  fatty  acid. 

Method  of  Procedure 

The  acid  number  of  a  sample  of  commercial  tung, oil  was 
determined  by  the  standard  method  as  follows:  Four  por- 
tions of  5  to  10  g.  each  were  weighed  into  flasks  and  heated 
on  a  hot  plate  under  a  reflux  condenser  for  30  min.  with  50  cc. 
of  ethyl  alcohol,  pre\'iously  made  neutral  to  phenolphthalein. 
After  cooling,  the  four  samples  were  titrated  with  0.1  A?^ 
aqueous  sodium  hydroxide,  0.1  A'^  alcoholic  sodium  hydroxide, 
0.1  A'  aqueous  potassium  hydroxide,  and  0.1  A^  alcoholic 
potassium  hydroxide,  respectively.  Commercial  samples 
of  cottonseed  and  linseed  oils  were  titrated  in  the  same  man- 
ner with  the  four  standard  alkali  solutions. 

The  titrations  on  the  oils  were  repeated,  substituting  for 
the  alcohol  50  cc.  of  a  neutral  mixture  of  equal  parts  by 
volume  of  ethyl  alcohol  and  C.  P.  benzene.  In  this  case  the 
oils  dissolved  in  the  alcohol-benzene  mixture  without  heating, 
and  titrations  were  made  at  once  (omitting  the  half-hour 
heating  j)eriod). 

The  fatty  acids  of  each  of  the  three  oils  were  prepared  by 
the  usual  method  and  each  sample  of  fatty  acid  was  titrated 
in  both  alcohol  and  alcohol-benzene  as  solvent,  using  the 
four  standard  alkali  solutions.  Weighed  amounts  of  the 
fatty  acids  were  added  to  weighed  amounts  of  the  corre- 
sponding oil,  so  as  to  form  a  scries  of  oils  of  ascending  acid 

'  Received  August  9,  1021. 

2  Published  by  permission  of  the  Director,  Bureau  of  Standards. 

'  Analyst,  45   (1920),  W2&. 

«  Faint  Mfrs-  Assoc.  U.  S.,  Circ.  119. 
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numbers.  These  samples  of  oU  of  known  acid  content  were 
titrated  with  both  alcohol  and  alcohol-benzene  mixture  for 
solvent  and  with  the  four  different  standard  alkali  solutions 
already  described. 

By  a  comparison  of  the  actual  acid  value  obtained  in  each 
case  with  the  known  acid  content  of  the  oU,  conclusions 
could  be  drawn  as  to  the  three  points  in  question. 

Experimental 

OILS  examined — Data  were  obtained  upon  the  acid  num- 
ber of  tung,  linseed,  and  cottonseed  oUs,  and  of  several 
mixtures  of  tung  oil  and  rosin. 

reagents:  Sodium  and  potassium  hydroxide — C.  P. 
sodium  and  potassium  hydroxide  sticks  were  used. 

Alcohol  and  benzene — Ninety-five  per  cent  by  volume 
ethyl  alcohol  which  had  been  recently  redistilled  was  used. 
The  benzene  was  C.  P.,  free  from  thiophene.  Both  materials 
were  neutralized  immediately  before  use  by  titrating  with 
alkali  to  a  very  faint  pink  color,  using  phenolphthalein  as  an 
indicator. 

Standard  solutions — The  standard  alkaU  solutions  were 
prepared  as  for  testing  linseed  oU,'  except  that  0.1  AT  solu- 
tions were  prepared  instead  of  0.25  A'^  solutions. 

The  weight  of  sample  taken  was  so  regulated  in  each  case 
that  approximately  15  cc.  of  the  standard  alkali  solution  were 
necessary  for  neutralization. 

Results  Obtained 

Table  I  includes  values  obtained  upon  the  various  oils 
and  fatty  acids. 

TABI.E  I — ActD  VaIvUKs  of  Oius  and  Fatty  Acids 

> Value  Found  in  Alcohol-; 

* Value  Found  in  Alcohol .  Benzene 

with  Aqueous  with  Alcoholic  with  Aqueous  with  Alcoholic 
Material  KOH  NaOH  KOH  NaOH  KOH  NaOH  KOH  NaOH 
Tung  oil  6.60       6.76       6.52       6.32       7.05       7.15       7.22       7.15 

Fatty  acid 

oftungoil    192.7     192.4     192.6     192.4     190.3     190.1     192.9     192.1 
Linseed  oil         4.46       4.39       4. .52       4.52       4.66       4.62       4.64       4.69 
Fatty  acid 
of  linseed 

oil  196.9     196.6     196.0     196.8     195.9     194.9     197.1     197.2 

Cottonseed 

oil  0.68       0.70       0,72       0.72       0.75       0.74       0.71       0.76 

Fatty  acid 
of  cotton- 
seed oil        184.1     184.7     183.1     184.2     182.1     182.7     183.6     184.4 
W.  W.  ros- 
in 161.8     162.1     160.7     160.1     161.2     161.4     161.2     160.6 

The  determinations  of  the  acid  numbers  of  the  fatty 
acids  of  tung,  linseed,  and  cottonseed  oils  were  in  good 
agreement,  except  in  the  case  where  aqueous  alkali  was 
used  for  titration  with  alcohol-benzene  as  solvent.  It  is 
probable  that  here  there  was  enough  dilution  by  the  water 
of  the  alkali  solution  to  cause  some  hydrolysis,  giving  slightly 
low  values  for  the  acid  numbers.  For  this  reason  the  two  low 
values  in  the  case  of  each  sample  of  fatty  acid  were  omitted 
and  the  average  of  the  six  other  values  was  taken  as  the  true 
acid  number  of  the  sample. 

The  acid  numbers  of  a  series  of  mix-tures  of  the  different 
oils  with  their  fatty  acids  were  calculated  from  the  weights 
of  oil  and  fatty  acid  mixed  and  the  average  aciil  value  of 
the  oil  and  its  fatty  acid,  respectively.  In  the  case  of  tung 
oil  the  average  acid  value  found  in  alcohol-benzene  was  as- 
sumed to  be  the  true  acid  number. 
Summary 

1 — The  use  of  alcohol  alone  as  a  solvent  in  the  determi- 
nation of  the  acid  number  of  tung  oil  leads  to  low  values, 

»  "Recommended  Specifications  for  Linseed  OU."  Bureau  of  Standards, 
Circ.  82. 
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especially  in  the  case  of  oils  with  a  low  acid  content.  Alcohol- 
benzene  mixture  gives  values  which  are  correct  within  the 
limits  of  experimental  accuracy  of  the  determination.  With 
rosin-tung  oU  mixtures,  alcohol-benzene  gives  results  nearer 
the  theoretical  than  does  alcohol  alone. 

2 — Alcohol  as  a  solvent  in  the  determination  of  the  acid 
number  of  linseed  and  cottonseed  oUs  yields  values  which 
average  sUghtly  lower  than  the  theoretical  acid  content.  In 
most  of  the  determinations  the  average  of  the  values  ob- 
tained with  alcohol-benzene  mixture  were  closer  to  the  theo- 
retical acid  content  than  when  alcohol  was  used  as  solvent. 

3 — Alcohol-benzene  mixture  is  preferable  to  alcohol  as  a 
solvent  because  the  end-point  in  the  titration  is  much  sharper. 

4 — As  was  to  be  expected,  no  difference  was  noted  in  any 
case  between  the  use  of  sodium  and  potassium  hydroxide, 
within  the  Umits  of  experimental  accuracy  of  the  titrations. 

5 — If  the  weight  of  sample  is  so  regulated  that  approxi- 
mately 15  cc.  of  alkali  solution  are  required  for  neutraliza- 
tion, aqueous  alkali  can  be  used  interchangeably  with  alco- 
holic alkah,  with  no  appreciable  difference  in  results  within 
the  limits  of  experimental  accuracy. 


6 — In  the  case  of  a  material  with  a  very  high  acid  number 
(above  100),  such  as  a  fatty  acid,  there  is  evidence  of  some 
hydrolysis  when  aqueous  alkah  is  used  with  alcohol-benzene 
as  a  solvent,  and  alcoholic  alkali  should  be  used  for  titration. 

Table  II — Acid  Values  oy  Mixtures  of  Oil  and  Fatty  Acid 


z 

^'0 

/ Value  Found  in  Alcohol .         Foun 

d  in  Alcohol  Benzene 

B 

with  Aqueous      with  Alcoholic     with  Aqueous 

with  Alcoholic 

KOH 

NaOH    KOH     NaOH     KOH 

NaOH 

KOH 

NaOH 

J? 

6< 

Tung-Oil  Mixtures 

1 

15,33 

14.40 

14.37     14.72     14.20     15.22 

15.33 

15.38 

15.41 

2 

29.25 

28.3 

28.3       28.7       28.6       29.3 

29.1 

29.4 

29.3 

3 

59.1 

58.8 

58.5        58.9        58. 3        59.2 

.59.2 

59.3 

59.2 

4 

99.3 

99.2 

98.9       99.0       98.7       99.3 
Linseed-Oil  Mixtures 

98.7 

99.4 

99.2 

1 

10.61 

10.43 

10.41      10.55      10.42      10. .54 

10.52 

10.51 

10.60 

2 

24.22 

23.76 

24.01     24.10     23.85     24.13 

24.25 

24.32 

24.20 

3 

53.2 

.52.86 

62.88     52.97     52.85     53.15 

53.13 

53.05 

53.18 

4 

100.4 

100.2 

99.6       99.9     100.0     100.6 
Cottonseed-Oil  Mixtures 

100.2 

100.6 

100.5 

1 

11.29 

11.07 

11.06     11.25     11.22     11.39 

11.33 

11.65 

11.34 

2 

25.4 

25.07 

24.79     25.00     25.03     25.40 

25.32 

25.21 

25.26 

3 

50.7 

50.4 

50.5       50.4       50.6       50.6 

50.6 

50.8 

50,8 

4 

101.5 

101.7 

101.4     100.9     101.6     100.7 
Tung  Oil-Rosin  Mixtures 

101.3 

100.6 

101.4 

1 

15.93 

15.36 

14.81      15.33      15.53      15.75 

15.87 

15.75 

15,98 

2 

29.7 

28.42 

28.33     28.25     28.75     29.32 

29.13 

29.25 

29,50 

3 

60.7 

60.2 

59.8        59.7        60.3        60.4 

60.3 

60.4 

60,6 

4 

102.8 

102.0 

102.2     102.0     103.0     101.8 

102.2 

102.8 

103,2 

Vapor    Pressure    Determinations    on    Naphthalene,     Anthracene,    Phenan- 
threne,  and  Anthraquinone  between  Their  Melting  and  Boiling  Points" 

By  O.  A.  Nelson  and  C.  E.  Senseman 
Color  Investigation  Laboratory,  Bureau  op  Chemistry,  Washington,  D.  C. 


A  search  of  the  Hterature  on  vapor  pressures  reveals  the 
fact  that  very  few  determinations  have  been  made  on  most 
of  the  solid  hydrocarbons  between  the  temperatures  of  their 
melting  and  boihng  points,  or  above.  In  view  of  this  fact 
and  also  in  response  to  the  increased  demand  for  more  re- 
liable physical  constants,  arising  from  recent  researches  into 
different  types  of  reactions  both  in  the  Uquid  and  vapor  phase, 
the  problem  of  determining  the  vapor  pressures  of  some  of  the 
more  common  compounds  was  undertaken. 

In  this  paper  the  method  employed  will  be  discussed,  and 
some  of  the  results  obtained  in  naphthalene,  anthracene, 
phenanthrene,  and  anthraquinone  will  be  tabulated.  In 
subsequent  publications  the  results  on  other  compounds, 
or  mixtures  of  compounds,  which  are  now  under  investiga- 
tion will  be  given. 

Up  to  the  present  time  vapor  pressure  determinations  of 
compounds  of  the  type  in  which  we  are  interested  seem  to 
have  been  limited  to  comparatively  low  temperatures. 
Ramsey  and  Young'  determined  the  vapor  pressures  of 
camphor  between  0°  and  180°  C;  Vanstone,''  that  of  a 
mixture  of  camphor  and  borneol  between  78°  and  185°  C, 
while  Allen*  worked  with  naphthalene  between  0°  and  130° 
C.  Perman  and  Davis"  determined  the  vapor  pressure  of 
naphthalene,  and  of  mixtures  of  naphthalene  and  j3-naphthol 
at  70°  C,  and  Barker' determined  the  pressures  of  naphtha- 
lene at  20°,  30°,  and  40°  C.  From  the  vapor  pressure 
curves  obtained  by  Stelzner,*  it  appears  that  this  investi- 
gator determined  the  vapor  pressure  of  naphthalene  between 
75°  and  170°  and  extrapolated  the  curve  to  218°  (b.  p.)  while  in 

*  Presented  before  the  Division  of  Dye  Chemistry  at  the  61st  Meeting 
of  the  American  Chemical  Society,  Rochester,  N.  Y.,  April  26  to  29,  1921. 

2  Published    as    Contribution    No.    53    from   the    Color   Investigation 
Laboratory,  Bureau  of  Chemistry,  Washington,  D.  C. 

•  Phil.  Trans.,  1884,    I,  34. 

«  J.  Chem.  Soc,  97  (1910),  429. 
•/6i<i,.77(1900),412. 
>Jbid.,  91  (1907),  1114. 
»  Z.  pitysik.  Chem.,  71  (1910),  235. 

8  Dissertation,  Erlanger,  1901,  *'t)ber  den  Dampfdrucic  fester  KSrper" 
(original  article  not  available). 


the  case  of  anthracene  observations  were  made  for  every  10° 
between  160°  and  260°  C,  and  on  anthraquinone  between 
224°  and  320°.  It  appears,  therefore,  that  in  no  case  did 
the  temperatures  of  the  experiments  even  approximate  the 
boOing  point  of  the  compounds  or  mixtures  under  in- 
vestigation. 

Methods  of  Making  Vapor  Pressure  Determinations 

The  static  method  of  vapor  pressure  measurement  and  the 
dynamic,  or  air  current  method,  have  been  used  with 
different  modifications  so  long  and  with  so  much  success 
as  to  become  almost  standard.  Other  methods  have  been 
proposed,  such  as  the  optical  method  devised  by  C.  and  M. 
Cuthbertson,'  based  on  the  assumption  that  the  refrac- 
tivity  of  a  vapor  was  proportional  to  the  vapor  pressure; 
or  the  hygrometric  method  devised  by  Forbes.^" 

The  dynamic  method  is  most  suitable  for  low  pressures 
and  low  temperature  work,  and  has  been  used  with  varjdng  de- 
grees of  success  by  Regnault,"  Linbarger,'^  Perman," 
Derby,  Daniels  and  Gutsche,"  and  others.  The  method 
consists  essentially  in  passing  a  known  volume  of  air  or 
indifferent  gas  over  the  substance  whose  vapor  pressure  is 
to  be  determined,  and  by  determining  the  amount  of  sub- 
stance carried  over,  the  vapor  pressure  is  readily  calculated 
from  Dalton's  law  of  partial  pressures.  The  air  drawn 
through  the  apparatus  must  necessarily  be  saturated  with 
the  vapors,  and  herein  hes  one  of  the  chief  difficulties. 
The  temperature  of  the  saturator  must  be  kept  very  con- 
stant for  considerable  periods  in  cases  where  the  substance 
under  investigation  has  a  low  vapor  pressure,  and  this  alone 
is  not  easy  to  accompUsh  especially  if  the  required  temper- 
ature is  comparatively  high.  Even  if  constant  vapor  baths 
are  used,  a  change  of  5  or  10  mm.  in  the  atmospheric  pressure 

•  Proc.  Roy.  Soc.  London,  A,  86  (1911),  305. 
"•  Chem.  News,  106  (1912),  88. 
"  Ann.  chim.  phys.,  \3]  IB  (1845),  129. 
"J.  Am.  Chem.  Soc.,  17  (1895),  615. 
»  Proc.  Roy.  Soc.  London,  72  (1903),  72. 
"  /.  Am.  Chem.  Soc,  36  (1914),  793. 


1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


59 


is  sufficient  to  cause  an  appreciable  change  in  the  boihng 
point  of  the  liquid,  and  hence  in  the  temperature  of  the 
vapor  baths. 

The  old  static-  method  offers  some  advantage  over  the 
dynamic,  but  is  by  no  means  without  objectionable  features. 
Here  again  the  question  of  maintaining  at  a  constant  tem- 
perature a  long  mercury-filled  tube  (750  mm.  or  more) 
presents  itself,  and  also  that  of  expelling  the  last  traces  of 
air  or  other  impurities  that  may  be  dissolved  in  the  mercury 
or  absorbed  on  the  inner  surface  of  the  glass  tubing.  For 
a  more  detailed  and  critical  discussion  of  the  merits  and  de- 
merits of  the  dynamic  and  static  methods  of  vapor  pressure 
determination,  the  reader  is  referred  to  the  work  of  Smith 
and  Menzies.""  The  other  methods  mentioned  above,  as 
weO  as  the  dew-point  and  tensimetric  methods,  have  rather 
limited  appUcabihty  and  need  not  be  discussed  in  this  con- 
nection. 

Appakatus 

The  apparatus  used  throughout  this  work  was  a  submerged- 
bulblet,  vapor  pressure  apparatus,  as  developed  by  Smith 
and  Menzies.  This  method  seemed  to  offer  a  number  of 
advantages  not  found  in  any  of  the  others:  the  temperature 
could  easily  be  controlled  and  the  pressure  could  be  read  off 
directly  on  the  manometer,  thus  eliminating  errors  due  to 
temperature  variations,  insufficient  stirring  of  the  thermo- 
stat, or  in  condensing  or  absorbing  and  analyzing  vapors,  as 
in  the  air  current  methods.  The  method  is  also  compara- 
tively rapid,  since  a  series  of  determinations  may  be  completed 
in  one  day.  The  apparatus  is  shown  diagraromaticaOy  in 
Fig.  1. 

Instead  of  using  an  open-end  pressure  gage,  a  manometer 
a  trifle  over  1  meter  in  length  was  made  from  Pyrex  glass 
tubing  of  8  mm.  inside  diameter.  The  mercury  used  in  the 
manometer  was  carefully  purified  by  shaking  with  nitric 
acid  and  further  by  distUling  three  times  under  vacuum. 
Before  the  manometer  tube  was  sealed  off,  it  was  very  thor- 
oughly cleaned  with  hot  chromic  acid  cleaning  solution, 
rinsed  with  distUled  water,  and  dried  by  heating  while  a 
current  of  dry  air  was  drawing  through.  After  being  fiUed 
with  the  mercury  the  manometer  was  carefully  boiled  out 
in  order  to  expel  aU  foreign  materials  wliich  might  be  dis- 
solved in  the  mercury  or  absorbed  on  the  inner  surface  of  the 
glass.  The  boiUng  out  process  lasted  over  2  hrs.,  under  pres- 
sure of  approximately  3  mm.  Not  the  slightest  indication  of 
air  bubbles  could  be  detected  anywhere  along  the  tube.' 

The  difference  in  levels  of  the  mercury  in  the  manometer 
arms  was  measured  by  means  of  a  meter  stick  graduated  in 
rmUimeters.  The  accuracy  of  the  caUbrations  was  checked 
against  a  standard  steel  tape,,  and  found  to  differ  by  about 
0.5  mm.  in  1000.  The  temperature  of  the  manometer  was 
observed  and  the  readings  were  corrected  accordingly, 
taking  the  value  of  the  cubical  coefficient  of  expansion  of 
mercury  given  in  the  Smithsonian  tables  (0.0001818). 
The  manometer  readings  were  made  with  the  naked  eye  and 
were  correct  to  ±  0.2  mm. 

The  apparatus,  not  including  the  heating  device  and 
thermostat,  was  fastened  to  a  board  24  in.  X  13  in.  and  con- 
sisted essentially  of  three  parts:  manometer,  A;  glass  connec- 
tions all  in  one  piece,  and  isoteniscope,  H.  The  bottle,  G,  was 
evacuated  to  about  2  mm.  before  each  run  was  made  and  was 
used  for  lowering  the  pressure  in  the  system  by  opening 
stopcock  E.  A  pressure  bottle  (not  shown)  was  used  for 
raising  the  pressure  in  the  apparatus  by  opening  the  3-way 
■cock,  D,  which  was  also  connected  with  the  atmosphere. 
In  cases  of  pressures  below  atmospheric  the  pressure  bot- 
tle was  not  used,  but  D  was  turned  so  as  to  admit  air  di- 
rectly from  the  atmosphere.    A  small  hand  pump  was  used 

'•  J.  Am.  Chem.  Sac,  82  (1910),  32. 


to  produce  the  necessary  pressure  in  the  bottle  or  in  the 
apparatus. 


Fio.  1 

The  isoteniscope,  or  rather  "dynamic  isoteniscope,"'*  was 
made  of  heavy  Pyrex  glass  and  was  about  45  cm.  in  length. 
The  bulb  containing  the  confining  liquid"  was  50  mm.  long 
and  30  mm.  in  diameter.  The  side  bulb  containing  the  sub- 
stance was  also  made  of  Pyrex  glass,  but  with  much  thinner 
walls,  and  had  a  diameter  of  about  20  mm.  This  part  of 
the  apparatus  could  readily  be  detached  from  the  rest  by 
removing  clamp  I  which  held  it  in  position;  and  since  it 
was  connected  to  the  main  part  of  the  apparatus  by  a  piece 
of  rubber  tubing  it  could  easily  be  removed  for  refilHng. 
All  rubber  connections  were  short  and  held  a  high  vacuum 
for  considerable  periods.  To  test  the  different  connections, 
as  well  as  the  stopcocks,  the  apparatus  was  evacuated  to 
about  2  or  3  mm.  and  left  until  the  following  day,  when  an 
increase  to  only  about  10  mm.  was  observed. 

The  thermostat  and  method  for  observation  of  equal  pres- 
sure in  the  side  bulb  containing  the  substance  under  inves- 
tigation and  the  manometer  are  shown  in  Fig.  2.  A  beaker 
of  one  and  one-third  liters  capacity  was  used  to  hold  the 
liquid  bath  (glycerol  for  naphthalene  and  the  eutcctic  mix- 
ture of  sodium  and  potassium  nitrates  for  the  higher  boil- 
ing compounds)  and  was  heated  by  means  of  an  electric 
heater.  This  heater  was  made  by  winding  No.  22  asbestos- 
covered  nichrome  wire  on  a  glass  beaker  with  a  diameter  a 
trifle  larger  than  the  one  to  be  used  throughout  the  observa- 
tions. This  wire  was  covered  with  a  layer  of  alundum  ce- 
ment and  dried  in  an  electric  oven.  When  perfectly  dry 
it  was  placed  in  a  cubical  wooden  box  9.5  in.  on  a  side  and 
insulated  with  packed  asbestos  shreds.    With  this  amount 

>*  Smith  and  Mcnzics,  Loc.  cit.,  144S. 

u  In  each  determination  the  material  constituting  the  conSning  liquid 
was  the  same  as  that  the  vapor  pressure  of  which  was  being  measured. 
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of  insulatioii  it  became  an  easy  matter  to  maintain  constant 
temperature  of  the  liquid  bath  long  enough  to  bring  the  pres- 


FiG.    2 


A — Electkic  Heater 

B — Pyrex  Beaker  (1,  3  L.) 

C — Stikssr 

I — Insulation: 


D ISOTENISCOPK 

E — Sample  Bulb 
f — confining-liqdid  bulb 
Asbestos  Shreds 


sures  to  equilibrium.  By  means  of  a  2-way  switch,  connec- 
tions were  made  with  both  110-  and  220- volt  circuits,  the 
latter  being  used  to  boost  the  temperature  to  save  time. 

In  order  to  enable  the  worker  to  observe  when  the  levels 
of  the  liquid  in  the  tube  leading  from  the  side  bulb  of  the 
isoteniscope  and  that  of  the  confining  liquid  were  the  same, 
two  holes  about  1  in.  in  diameter  were  made,  directly  op- 
posite, through  the  sides  of  the  electric  heater  and  the  sur- 
rounding insulation.  By  adjusting  the  position  of  the 
isoteniscope  in  such  a  way  that  the  bulb  containing  the  con- 
fining liquid  was  directly  in  Une  with  these  holes,  and  by 
placing  an  electric  light  at  the  opening  of  one  of  them,  ob- 
servations could  very  easily  be  made  through  the  other. 

The  bath  liquid  was  kept  in  violent  motion  by  a  stirrer 
revolving  at  high  speed. 

Temperature  Measurement 

It  is  well  known  that  fcr  temperatures  between  250°  and 
350°  or  375°  ordinary  mercury  thermometers  cannot  be 
rehed  upon.  From  calibrations  made  by  the  Bureau  of 
Standards  one  often  observes  a  correction  of  from  ±1°  to 
±2°  over  a  range  of  50°  C.  Such  errors  are  not  often  of 
much  consequence  in  ordinary  work,  but  in  work  similar 
to  this  an  error  of  0.1°  C,  near  the  boiling  point  of  naph- 
thalene, for  example,  would  produce  an  error  of  1.7  mm. 
in  the  vapor  pressure. 

Smith  and  Menzies  used  a  platinum  resistance  thermom- 
eter, and  were  able  to  observe  temperature  variations  of 
from  O.l  to  0.01°  C.  Inasmuch  as  such  an  instrument  was 
not  available  for  the  present  investigation,  a  multiple 
junction  copper-constantan  thermoelement  was  made,  and 
the    temperature    calculated    from    the  e.  m.  f.  developed. 


From  the  work  of  Adams  of  the  Geophysical  Laboratory'* 
this  method  of  temperature  measurement  is  shown  to  be  per- 
haps the  most  reliable,  as  well  as  the  most  accurate,  so  far 
developed.  Adams  observed  that  with  a  single  copper- 
constantan  couple  a  temperature  variation  of  approximately 
0.02°  C.  would  cause  a  change  of  1  microvolt  in  the  e.  m.  f. 
produced,  or  with  a  sensitive  potentiometer  a  temperature 
change  of  0.01°  could  readOy  be  observed.  Not  having 
available  a  galvanometer  sensitive  enough  to  register  such 
minute  changes  in  e.  m.  f.,  instead  of  using  a  single  couple, 
the  writers  employed  a  multiple  element,  consisting  of  five 
couples  connected  in  series.  The  e.  m.  f .  with  such  an  ar- 
rangement, using  0°  for  the  cold  junction  temperature, 
varied  from  0  microvolts  at  0°  to  about  94,000  microvolts  at 
about  380°,  or  a  change  in  e.  m.  f.  of  nearly  250  microvolts 
for  a  change  of  temperature  of  1°  C.  The  constant  boiling 
liquids  used  in  calibrating  the  thermoelement  were  water 
for  100°  C,  naphthalene  for  217.95°,  and  benzophenone 
for  305.9°.  Corrections  in  the  boUing  points  of  these  com- 
pounds were  made  for  cht^nges  in  atmospheric  pressures. 
To  make  certain  that  our  calibrations  were  correct  the  re- 
sults obtained  in  our  laboratorj'  at  the  temperature  of  the 
boiling  points  of  water  and  naphthalene  were  checked  against 
observations  made  on  our  thermocouple  at  the  Geophysical 
Laboratory,  under  the  supervision  of  Mr.  Adams. 

Purification  of  Materials 

The  naphthalene  was  obtained  pure  from  the  stock  rooms 
and  showed  a  boihng  point  of  217.95°  at  760  mm.  The 
anthracene  was  obtained  from  the  commercial  product 
(about  85  per  cent)  by  repeated  sublimations  and  two  crys- 
tallizations from  solvent  naphtha,  two  from  benzene,  and 
one  from  95  per  cent  alcohol.  The  carbazol  was  removed  by 
fusing  with  sodium  hydroxide  and  potassium  hydroxide  before . 
the  first  sublimation.  The  final  product  showed  a  beautiful 
purplish  fluorescence  and  had  the  same  melting  point  as  the 
Kahlbaum  product  used  in  one  of  the  runs.  Phenanthrene 
was  purified  in  the  same  way  as  the  anthracene,  and  had  a 
melting  point  of  100°  C.  The  anthraquinone  was  crys- 
talhzed  twice  from  benzene  and  dried  for  5  hrs.  at  120°  G. 
before  using. 

Table  I — Naphthalene 


Temperature 

Vapor  Pressure 

Temperature 

Vapor  Pre.ssure 

°C. 

Mm. 

°C- 

Mm. 

181.20 

310.6 

87.47 

11.9 

185.34 

347.6 

95.001 

15.5 

188.30 

376.5 

100.00 

18.5 

196.96 

464 . 1 

104.39 

22.9 

198.53 

482.1 

109.65 

28.7 

200.50 

505.7 

114.70 

35.9 

205.78 

576.2 

117.15 

38.3 

206.00 

581.9 

128.06 

58.7 

212.17 

667.8 

133.72 

71.2 

213.30 

682.7 

144.45 

103.5 

217.34 

755.8 

158.95 

165.1 

217.87 

759.2 

163.13 

1S7.1 

221.45 

825.2 

175.10 

260.8 

178.44 

290.0 

'  Allen,  Loc. 

"■/.,  412. 

Table  II- 

-Anthracene 

Temperature 

Vapor  Pressure 

Temperature 

Vapor  Pressure 

"C. 

Mm. 

°C. 

Mm. 

226.53 

52.7 

297.38 

317.7 

227.77 

.52.7 

298.22 

319.1 

231.94 

60.2 

304.35 

363.9 

232.12 

62.1 

310.31 

415.6 

236.64 

69.6 

318.20 

488.1 

244 . 59 

86.5 

321.29 

515.0 

254.86 

113.4 

325.47 

5.55.5 

259.50 

129.5 

329.47 

612.2 

261.76 

135.5 

335.52 

674.4 

263.74 

142.5 

337.14 

692.7 

270.70 

169.3 

337.70 

697.6 

271.75 

175.0 

340.58 

738.9 

277.50 

203.2 

341.57 

7.56.4 

277.66 

198.2 

341.70 

757.3 

286.66 

247,7 

342.05 

761.2 

292.15 

279.0 

343.25 

778.2 

295.37 

303.0 

»  Am.  Inst.  Minine  Met.  Eng.,  BulUlin  163  (1919) 
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Tablk  III — Phbnanthrbne 


Tabi,e  V — Naphthalenb 


Temperat 

ure 

Vapor  Pressure 

Tempe 

rature 

Vapor  Pressure 

Temperature 

Vapor  Pressure 

Temperature 

Vapor  Pressure 

°C.                                Mm.                              "  C.                             Mm. 

°  C. 

Mm. 

">C. 

Mm. 

232.34                             62.2                          300  91                        350.9 

85 

9.9 

155 

144.4 

233.54                             65.4                          309  44                        420.3 

90 

12.0 

160 

168.4 

246.59                             94.5                          308.64                      4414,8 

95 

14.9 

165 

195.5 

249.14                           101.5                          312.62                        446.0 

100 

18.5 

170 

226.1 

264  73                           151.4                          319.27                        510.7 

105 

23.0 

175 

260.6 

269.89                           172.4                          321.24                        531.5 

110 

28. 5 

180 

299.1 

281.33                           226.1                          332.11                        654.4 

115 

35.0 

185 

342.3 

282.73                           234.1                          333.08                        664.6 

120 

42.7 

190 

390.2 

294.57                           307.4                          339.91                        754.3 

125 

51.8 

195 

443.3 

295.37                           311.4                          340.41                        762.3 

130 

62.4 

200 

502.1 

299.88                         340.2                        340.59                      764.2 

135 

74.6 

205 

566.6 

140 

88.7 

210 

637.2 

146 
150 

104.8 
123.3 

215 
218 

714.2 

*cc 

[ 

1 

j          j 

760.0 

L     i 

/ 

i   L 

/ 

220 

797.9 

/ 

i' 

Table  VI— 

Anthracene 

" 

/ 

// 

r  NIP-ITHILCNE 

/ 

// 

i 

Temperature 
"C. 

Vapor  Pressure 
Mm. 

Temperature 
°C. 

Vapor  Pressure 

TW 

lAHIHR-ClHI 

/ 

II 

/I 

Mm. 

L  tNTM^QUtHOHE 

/ 

220 

42.6 

290 

265.9 

/ 

1 

/ 

225 

49  5 

295 

297  5 

/ 

f^ 

/ 

• 

230 

57.3 

300 

332  lo 

± 

/, 

'h 

/. 

235 

66.1 

305 

269.5 

1 

iL 

/ 

240 

76.0 

310 

410.5 

7 

1 

L 

/ 

// 

1 

245 

87.1 

315 

454.9 

^. 

/ 

/ 

/ 

250 
255 
260 

99.6 
113.5 
129.1 

320 

502.9 

!«. 

/ 

f 

/ 

325 
330 

554.7 
610.4 

/ 

// 

/ 

265 

146.5 

335 

669.8 

3M 

/ 

/ 

J 

270 

165.8 

340 

7.32.9 

/ 

/ 

J 

275 

187.3 

342 

760.0 

/ 

/ 

~-^/-     - 

2S0 
285 

211.0 
237.2 

345 

799.5 

" 

/ 

y 

y 

' 

l;o 

^ 

/ 

r 

y 

Temperature 

Table  VII- 
Vapor  Pressure 

-Phenanthrene 
Temperature 

^.^ 

y 

^ 

^ 

^ 

;>* 

Vapor  Pressure 

4':==^ 

-^ 

, -' 

'^'''^ 

1 

230 

Mra. 
68.3 

"C. 
290 

Mm. 

'■       ' 

\r    ^ 

«'             IS'             lO.-            !!S'            ISO'            !75-            »»■            lis-            ,!»•            STS'            « 

276.1 

Fig.  3 

235 

68.1 

295 

308.3 

240 

79.0 

300 

343.7 

245 

91.1 

305 

382.1 

Table  IV — Anthraquinone 

250 

104.4 

310 

424.0 

255 

119.2 

315 

469.5 

Temperature              Vapor  Pressure           Temperature           Vapor  Pressure 

260 

135.5 

320 

518.8 

"    C.                               Mm.                              °  C.                            Mm. 

265 

153.7 

325 

572.0 

285.58                           104.0                          346.11                        402.0 

270 

173.6 

330 

629.4 

286.71                            108.0                          349.03                        428.0 

275 

195.7 

335 

691.1 

292.74                            122.2                          351.14                        448.2 

280 

220.0 

340 

757.0 

295.30                           133.5                          357.00                        500.0 

285 

246.7 

302.80                           156.0                          361    18                        546.6 

' 

306.74                            172.6                          362.82                        562.3 

Table  VIII- 

—Anthraquinone 

311.43                            189.8                          364.54                        579.2 
315.38                           209.3                          367.33                        615.8 

Temperature 

Vapor  Pressure 
Mm. 

Temperature 

Vapor  Pr-issure 

Mm. 

319.83                           230.6                          370.66                        656.0 

* 

' 

321.70                           241.5                          373.71                        685.4 

285 

103.0 

340 

354.5 

325.01                            259.4                          377.53                        733.1 

290 

116.2 

345 

392.9 

329.22                           282.7                          378.71                        746.4 

295 

131.3 

350 

435.5 

330.96                           296.4                          379.73                        759.0 

300 

147.8 

355 

481.9 

334.34                           317.5                          381.21                        779.4 

305 

166.0 

360 

531.7 

335.35                           323.4                          3S2.14                        791.6 

310 

186.0 

365 

585  4 

339.80                         352.6                         383.18                      804.7 
344  30                              388  0 

315 
320 

207.9 
232.0 

370 
375 

643.4 
703.0 

U^^  k  %J\J                                                                     tpf  ^.'U  >  Kf 

325 

258.5 

379.8 

760 

Res 

QLTS 

Ob^ 

CAIN 

ED 

330 
335 

287.5 
319.4 

380 

763.4 

The  results  obtained  in  the  vapor  pressure  determination 
on  naphthalene,  anthracene,  phenanthrene,  and  anthra- 
quinone are  given  in  Tables  I,  II,  III,  and  IV,  respectively. 
Fig.  3  shows  the  vapor  pressure  curves  of  these  compounds 
using  the  above  values. 

The  above  observations  were  plotted  on  80  cm.  X  100  cm. 
coordinate  paper,  and  the  pressures  for  intervals  of  5°  were 
read  from  these  curves.  These  observations  are  tabulated 
in  Tables  V  to  VIII,  inclusive,  and  are  intended  to  show  the 
mean  values  of  all  our  observations  on  the  compounds  worked 
on  thus  far. 

It  should  be  pointed  out  that  since  it  is  hardly  possible 
to  read  a  manometer  closer  than  to  within  iO.l  or  0.2  mm. 
without  the  aid  of  a  cathetometer  or  a  vernier  arrangement, 
the  per  cent  error  is  necessarily  much  greater  where  the 
pressures  are  low;  whDe  at  higher  pressures  the  large  vari- 
ation due  to  small  changes  in  temperatures  makes  observa- 
tions difficult  at  these  points.  It  was,  however,  much 
easier  to  obtain  good  checks  at  the  higher  pressures  than  at  the 
lower,  for,  as  pointed  out  in  the  first  part  of  this  paper,  the 
temperature  was  controlled  without  nuich  difficulty. 

As  may  be  seen  from  the  above  tables  and  curves,  the 
boiling  points  of  these  compounds  are  as  follows:  Naphthalene 
217.95°  (taken  from  hterature  and  used  in  calibrating  ther- 
mocouple), anthracene  342°,  phenanthrene  340.2°,  and 
anthraquinone   379.8°.    The   results   obtained   on   phenan- 


threne and  anthraquinone  agree  very  well  with  those  given 
in  the  hterature,  namely,  340°  and  380°  C,  respectively. 
For  the  boUing  point  of  anthracene  the  hterature  gives  350° 
and  351°  C.^'  but  in  no  case  was  this  temperature  reached 
before  the  pressure  reached  points  much  above  760  mm.  Fur- 
ther to  verify  the  observations  on  anthracene  at  this  temper- 
ature, the  writers  made  three  sets  of  duphcate  determinations 
on  three  different  samples  of  antliracene:  two,  on  a  sample 
prepared  by  Dr.  K.  P.  Monroe,  formerly  of  the  Bureau  of 
Chemistry,  two,  on  the  product  purified  from  commercial 
anthracene  as  outlined  above,  and  two,  from  a  sample  of 
Kahlbaum's.  A  large  number  of  observations  were  made 
on  each  of  these  samples  at  about  the  boihng  point,  with  an 
agreement  well  within  the  limits  of  experimental  error.™ 
Boiling  point  determinations  were  also  made  according  to 
the  method  described  by  MuUiken,  using  an  Anschutz  ther- 
mometer, with  results  that  again  agreed  -nith  those  given 
above,  as  obtained  by  vapor  pressure  determinations. 

>»  Landolt-Bftrnstcin.  "Pliysikalisch-chcmisclie  Tabcllcn;"  MuUiken, 
"identification  of  Pure  Organic  Compounds." 

'0  The  experimental  error  referred  to  here  is  the  error  introduced  in 
reading  the  manometer,  as  pointed  out  above,  and  a  slight  error  due  to  iu- 
ubility  to  observe  variations  in  e.  m.  f.  to  less  than  2  microvolts  corre- 
sponding to  approximately  0.008"  C.  It  should  be  noted,  however,  that  the 
change  in  pressure  corresponding  to  a  change  of  0.008**  C.  in  the  tem- 
perature at  about  the  boiling  point  of  anthracene  is  of  the  order  of  0.10 
mm.  so  the  error  in  temperature  reading  becomes  negligible. 


€2 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  1 


Summary 

A  brief  resume  of  previous  vapor  pressure  determinations 
has  been  made. 

A  detailed  description  has  been  given  of  the  method  em- 
ployed in  obtaining  vapor  pressure  values  for  naphthalene, 
antliracene,    phenanthrene,   and  anthraquinone,  and   tables 


and  curves  of  observed  vapor  pressures  of  these  compounds 
have  been  recorded. 

BoUing  point  determinations  have  been  made  on  anthra- 
cene, phenanthrene,  and  anthraquinone  with  the  following 
results:  Anthracene,  342°  C;  phenanthrene,  340.2°  C; 
anthraquinone,  379.8°  C. 


Experiments  with  Heat  Interchangers' 

By  F.  Russell  Bichowsky 
Department  of  Chemistry,  University  op  California,  Berkeley,  California 


In  liquid  air  machines  and  other  refrigerators  wliich  depend 
on  the  Joule-Thomson  effect  for  cooling,  the  efficiency  de- 
pends, for  a  given  intake  pressure,  temperature,  and  rate 
of  flow  of  the  gas,  on  the  character  of  the  heat  insulation, 
and  especially  on  the  efficiency  of  the  heat  interchange  be- 
tween the  comparatively  hot  incoming  and  comparatively  cold 
outgoing  gas.  In  a  perfect  heat  interchanger,  the  gas  enter- 
ing the  interchanger  and  the  gas  leaving  the  interchanger  will 
have  the  same  temperature.  Assuming  the  mtake  tempera- 
ture of  the  gas  (in  this  case  O2)  to  be  298°  A.,  and  the  intake 
pressure  to  be  200  atm.,  and  assuming  perfect  heat  inter- 
change and  perfect  heat  insulation,  and  taking  for  the  value 
of  the  Joule-Thomson  effect  under  th&se  conditions  —50°,  for 
the  molal  heat  capacity  of  the  gas  at  1  atm.  6.7,  and  for  the 
heat  of  vaporization  per  mole  1600  cal.,  it  can  be  shown  that 
11  per  cent  of  the  gas  wUl  be  liquefied.-  If  the  outgoing 
gas  leaves  the  interchanger  at  temperatures  less  than  that 
of  the  incoming  gas,  a  similar  calculation  will  show  that  the 
yield  of  liquid  O2  (and  the  same  values  hold  approximately 
for  liquid  air  and  liquid  N2)  will  be  decreased  20  per  cent  for 
each  10°  difference  of  temperature  between  outgoing  and 
incoming  gas.  OrdinarOy,  even  for  the  comparatively  poorly 
insulated,  small-size  liquefiers  found  in  many  laboratories,  the 
loss  of  efficiency  due  to  poor  thermal  insulation  is  small, 
compared  with  that  due  to  poor  interchange. 

The  heat  interchanger  commonly  used  on  liquid  air  ma- 
chines consists  of  a  coil  of  one  or  more  copper  tubes  either 
wound  one  tube  inside  the  other,  as  in  the  original  Linde 
design,  or,  as  is  more  common  in  laboratory  interchangers, 
of  the  Hampton  type,  in  the  form  of  flat  coils,  the  first  coil 
being  wound  from  the  center  out  and  the  next  from  the 
outside  in,  either  one  tube  being  used  or  several  tubes  wound 
in  parallel.  In  the  Linde  design  the  compressed  gas,  after 
expansion  at  the  lower  end  of  the  coil,  passes  back  the  entire 
length  of  the  coQ  through  the  annular  space  between  the  inner 
and  outer  tubes.  In  the  Hampton  type,  the  gas,  after 
expansion,  passes  back  over  the  tightly  wound  coil  through 
the  interstices  between  layers  left  during  winding.  One- 
eighth  inch  0.  d.  drawn  soft  copper  tubing  is  about  as  small 
as  is  practical  to  use,  and  one-fourth  inch  o.  d.  copper  tubing 
is  a  convenient  size. 

To  study  the  efficiency  of  heat  interchange  in  .'fuch  small 
tubes  between  the  walls  and  the  rapidly  mo^'ing  high  pressure 
gas,  the  apparatus  shown  in  Fig.  1  was  constructed.  The 
wire  AC  was  of  tested  No.  40  constantan  which  was  carefully 
stretched  so  as  to  be  exactly  central  in  the  tube.  The  small 
leads  were  No.  40  copper,  the  whole  forming  a  differential 
thermoelement  giving  the  difference  of  temperature  of  the  gas 
between  A,  B,  and  C.  The  initial  temperature  was  given  by  a 
thermoelement  not  shown.  The  mean  inside  diameter  of  the 
tube  was  0.124  in.  (0.315  cm.),  the  outside  0.251  m.  (0.638 

■  Received  March  7,  1921. 

'This  is  based  on  the  equation  O2  (g.  298-50°  A.)=i02(l,  90°  A.) 
+  (l-l)Os  (g.  298°  A.);  4H  =  0.  Here  x  is  per  cent  of  gas  liquefied  and 
H  is  heat  content.  Details  will  be  given  by  I^wis  and  Randall,  "Treatise 
on  Thermodynamics." 


cm.).  The  length  between  junctions  A-B  and  B-C  was 
1.0  ft.  (30.5  cm.).  Table  I  gives  typical  results  of  many  tests. 
In  this  table,  temperatures  are  given  in  degrees  Centigrade 
absolute,  pressures  in  atmospheres,  rate  of  flow  in  cu.  m. 
per  min.  free  gas.  The  figures  in  parenthesis  in  Columns 
4  and  7  are  corresponding  values  in  cu.  ft.  per  min.  and  °  F. 
per  ft.  per  deg. 


Intake 

•   Temp. 

Table  I 

Temp. 

of  Bath 

Pressure 

Rate  of  Flow 

Temp. 

Diff. 

Temp.  Modulus 

°A. 

°A. 

Atm. 

Cu.  M./Min. 

A-C 

A-B 

Deg./M./Deg. 

290 

90 

200 

0.93(33) 

33 

17 

0.26(0.085) 

240 

90 

200 

0.93(33) 

25 

11 

0.24(0.073) 

290 

240 

200 

0.93(33) 

8 

4 

0.26(0.08) 

240 

90 

100 

0.93(33) 

24 

12 

0.26(0.08) 

290 

240 

100 

0.93(33) 

8 

4 

0.26(0.08) 

290 

90 

200 

0.47(16.5) 

68 

35 

0.55(0.17) 

240 

90 

200 

0.47(16.5) 
0.47(16.5) 

42 

20 

0.42(0.13) 

290 

240 

200 

15 

8 

0.52(0.16) 

The  first  six  columns  are  self-explanatory;  the  last  column 
gives  the  temperature  modulus,  i.  e.,  the  fall  of  temperature 
per  meter  of  tube  per  Centigrade  degree  difference  of  temper- 
ature between  the  temperature  of  the  bath  and  the  tempera- 
ture of  the  incoming  gas,  found  by  dividing  the  values  in 
Column  6  by  the  temperature  head,  i.  e.,  by  the  temperature 
of  the  bath  minus  the  intake  temperature.  These  results, 
which  are  only  approximate,  show  that  the  temperature 
drop  per  meter  of  tube  is  independent  of  the  pressure,  in- 
versely proportional  to  the  rate  of  flow,  and  proportional 
to  the  temperature  head  from  bath  to  incoming  gas. 

Knowing  the  modulus  as  defined  above  for  a  given  sized 
tubing  and  given  rate  of  flow,  it  is  possible  to  calculate  the 
length  of  that  tubing  which  will  be  necessary  to  construct  an 
ideal  interchanger  of  given  thermal  efficiency. 

Let  Ti      =  temperatiu'e  of  incoming  gas 

T2      =  temperature  of  gas  just  before  expansion 

Ti      =  temperature  after  expansion  (for  liquid  air  machines  this  will  be 

temperature  of  liquid  air) 
T4      =  temperature  of  gas  leaving  exchanger 
Cp^  =  molal  heat  capacity  of  incoming  gas,  under  pressure  P;  at  any 

point  along  interchanger 
Cp^  =  molal  heat  capacity  of  outgoing  gas,  under  pressure  Po  at  same 

point  along  interchanger 
ti  and  to  =  temperatures  of  incoming  and  outgoing  gas  at  same  point 
Mt     =  mass  of  gas,  in  moles,  entering  interchanger  in  any  interval  of 

time 
Mo  =  mass  of  gas  leaving  interchanger  in  same  interval 
Then  for  a  liquid  air  machine  Mi  — Mo  =  A.  the  mass  of  air  liquefied  in  that 
interval;  or.  choosing  the  interval  so  that  Mj=l,  and  assuming  that  the 
liquefier  has  been  running  long  enough  so  that  conditions  do  not  change  with 
the  time,  1  —  Mo  equals  the  efficiency  of  the  liquid  air  machine.  Now 
Cp-  and  Cp^  will  in  general  be  functions  of  the  temperature,  i.  e.,  C^^.  =  fpg 
(T)  and  Cp^  =  fp^  (T).  The  function  will  depend  on  kind  of  gas  and 
pressure.     This  may  be  determined  by  experiment. 

Let  1  be  the  length  of  the  interchanger,  and  let  fi  be  the  temperature 
modulus  as  defined  above,  i.  «.,  the  drop  of  temperature  per  unit  length  per 
degree  temperature  head.  Now  the  heat  transferred  from  the  incoming  to 
outgoing  gas  for  any  small  segment  of  the  interchanger  is 

(.li-to)iidl 
where  dl  is  length  of  segment.   This  equals  MCf^  dl  and  -f  C/>,.  dt.  where  dt 
is  change  of  temperature  of  the  gas  in  length  dt.     Integrating  gives; 
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_  Mo  r  cpo'i'o  _  1  r  'cpjdtj 

*•  J  li-lo  I' J  ti-lo 

T,  Ti 

■X 


and  H=    I  Cp^dtf   =   Mo     j       '    ^t'o'l'i 

r,  J  T. 


(1) 


(2) 


If  for  any  gas  Cp  is  known  as  a  function  of  T  and  P,  these  equations  can  be 
solved  by  usual  methods.     For  a  first  approximation  the  value  of  Cp  at  the 
geometrical  mean  temperature  may  be  assumed.     Treating  C/j  as  constant, 
and  integrating,  the  equation  becomes 
UoCp^2.3 

(3) 


MoCpQ 


Z[ 


log  (T,  -  T.)  -  log  (( 


MoCp„ 


Cp. 


)  (Tj-TO+T, 


.-T3)J( 


I  |^WVW>> 


<) 


O 


For  the  present  case  m^O.26,  C^^  for  air  at  one  atmosphere  and  160°  K. 
(the  mean  temperature  of  the  outgoing  gas)  equals  7.1;  for  air  at  200  atm. 
(the  most  convenient  pressure)  and  240°  K.  (the  mean  temperature  of  the 
incoming  gas)  C^  •  =  8.5.'  Assuming  60  per  cent  theoretical  yield  of  liquid 
air,  «.«.,  liquid  air  efficiency  of  7  percent,  M=  93  and  Ti-Tj  =  SO  X  0.40  = 
20°  C.  Using  these  values,  1  =  180  m.  (550  ft.).  If  80  per  cent  theoretical 
yield  is  assumed,  1  =  250  m.  (770  ft.). 

These  figures  accord  with  our  experience  with  interchangers 
of  the  best  design.  Ordinarily  the  interchange  from  the  low 
pressure  return  air  to  the  tubes  is  by  no  means  as  efficient 
as  that  assumed  here,  and  it  is  therefore  not  safe,  unless 
special  precautions  are  taken,  to  reduce  the  length  of  an 
interchanger  of  7  per  cent  capacity  to  less  than,  say,  250 

meters. 

< It  was  not  convenient 

r~'~^r?'  to  repeat  the  experiments 
above  for  different  sizes 
of  tubes,  since  the  re- 
sults for  larger  tubing 
would  have  no  practical 
value  to  us  (larger  size 
tubing  being  unduly  dif- 
ficult to  coO),  and  since 
it  is  doubtful  that  our 
type  of  apparatus  would 
give  results  of  much  value 
for  smaller  sizes  of  tub- 
ing. It  is  thought,  how- 
ever, that  for  a  'given 
flow  in  free  feet  per  min- 
ute the  rate  of  inter- 
change would  be  inde- 
pendefit  of  the  diameter, 
at  least  for  sizes  of 
tubing  not  too  greatly 
different  from  one-eighth 
in.  i.  d.  This  approxi- 
mation is  based  on  the 
assumption  that  for  con- 
i  stant  mass  velocity  the 

5  rate    of    interchange   is 

?  proportional  to  circum- 

Fio.  1  ference,    inverselj'    pro- 

portional to  diameter, 
and  directly  proportional  to  the  linear  velocity  of  gas  flowing 
down  the  tube. 

The  problem  of  heat  interchange  between  the  low  pressure 
cold  gas  and  the  copper  tubing  carrying  the  high  pressure  gas 
is  not  so  well  adapted  to  simple  experimental  investigation 
as  the  problem  of  heat  interchange  between  the  copper  tubing 
and  the  compressed  gas.  In  the  last  case  the  flow  of  gas  is 
approximately  of  stream  typo.  In  the  first  case  we  have 
conditions  which  vary  from  nearly  stream  flow  in  the  Linde 

•  Holbom  and  Jakob,  Z.  Vct.  deul.  Ins.,  88  (1914).  1420. 
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type  interchanger  to  ex- 
tremely turbulent  flow 
in  the  Hampton  type. 
It  is  obvious  that  if  the 
flow  is  turbulent  enough 
so  that  the  tempera- 
ture at  every  point  in 
any  cross  section  normal 
to  the  axis  of  flow  is  the 
same,  no  matter  what  is 
the  shape  or  length  of 
the  coU  of  the  inter- 
changer, provided  its 
heat  conductivitj'  lon- 
gitudinally is  negligible, 
the  same  length  of  tub- 
ing wiU  give  the  same 
efficiency.  This  makes 
the  problem  of  effective 
interchange  of  heat  from 
tube  to  outflowing  gas 
entirely  a  problem  of 
care  in  construction, 
particularly  care  in  pre- 
venting the  formation  of  stream  channels  causing  local 
differences  of  temperature  in  a  given  cross  section,  and  in  so 
winding  the  coils  that  the  outflowing  air  always  has  a  resul- 
tant of  velocity  opposite  to  the  velocity  of  the  compressed  gas. 
The  necessity  for  effective  heat  insulation  of  the  whole 
interchanger  is  obvious,  but  means  of  providing  it  are  familiar 
and  need  not  be  discussed. 

The  Nelson  Interchange 
The  cliief  objections  to  the  type  of  interchanger  described 
above  are  the  length  of  copper  tubing  required,  making  the 
entire  apparatus  bulky,  and  increasing  the  difficulty  of  heat 
insulation,  and,  more  important,  the  skill  and  time  required 
to  wind  the  flat  coUs.  Such  interchangers  are  therefore 
necessarily  expensive.  To  obviate  these  difficulties  Mr. 
George  Nelson  suggested  on  June  11,  1919,  the  use  of  short, 
twisted,  flattened  tubes 
in  place  of  long  ordin- 
ary tubes  of  theregular 
interchanger.  The  ad- 
vantage of  the  flat  tube 
over  the  round  is  that 
wliUe  the  surface  area 
of  the  tube  is  constant, 
the  mean  distance  of 
heat^^flow  is  very  much 
decreased,  so  that  the 
efficiency  of  an  inter- 
changer, which  for  con- 
ditions of  constant  flow 
in  grams  per  minute  is 
proportional  to  area 
and  roughly  inversely 
proportional  to  the 
distance  between  walls, 
is  greatly  in  excess  for 
a  flat  tube  than  for  a 
round  tube  of  same 
area.  The  reason  for 
twisting  the  tubes,  as 
shown  in  A  or  R,  Fig.  2, 
is  to  allow  them  to 
stand  the  high  pres- 
sure without  bulging. 
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In  the  first  experiments  (November  8,  1919)  there  were 
used  15  in.  of  twisted  tube,  made  by  flattening  down  com- 
pletely a  section  of  three-sixteenth  in.  o.  d.  copper  tube  and 
twisting  it  uniformly  on  a  lathe.  In  place  of  the  elaborate 
expansion  valve  customary  in  liquefiers,  various  sorts  of 
valves  and  orifices,  the  details  of  which  are  not  important 
here,  were  used.  Thermocouples  were  soldered  on  at  the  top, 
middle,  and  bottom  of  the  twisted  tube,  in  order  to  gam  some 
idea  of  the  thermal  distribution.  This  tube  was  placed  in  a 
loosely  fitting  test  tube  insulated  with  cotton  wool.  The 
flow  of  gas  used  was  about  0.2  cu.  m.  (6  cu.  ft.)  per  min. 
The  pressure  was  220  atm.  After  thermal  equilibrium  had 
been  reached,  the  temperatures  of  the  tube  at  the  top,  middle, 
and  bottom  were,  respectivelj-,  -1-20°,  —5°,  and  —30°  C, 
about  what  would  be  expected  if  there  were  no  interchange.  It 
was  thought  that  this  unfavorable  result  might  be  due  to  the 
fact  that  the  flow  outside  the  tube  was  not  turbulent.  There- 
fore the  experiment  was  repeated,  packing  the  space  between 
the  twisted  tube  and  the  test  tube  with  coarse  copper  and 
aluminium  powder.  The  temperature  dropped  very  rapidly, 
and  wthin  15  min.  liquid  air  was  observed  in  the  bottom  of  the 
test  tube,  the  temperature  then  being  at  the  bottom  —180°, 
at  the  middle  -80°,  and  at  the  top  -|-20°  C.  However,  as 
the  temperature  of  the  outgoing  gas  was  —10°,  the  efficiency 
of  this  interchanger  was  only  40  per  cent  of  theory.    In  other 


experiments  the  aluminium  powder  was  replaced  by  winding 
a  spring  of  copper  wire,  as  shown  in  Fig.  2-C.  The  efficiency 
for  a  46-cm.  (18-in.)  interchanger  at  0.2  cu.  m.  (6  cu.  ft.) 
per.hr.  was  60  per  cent.  Several  twisted  tubes  in  parallel 
were  also  tried,  and  finally  Mr.  Nelson  constructed  a  complete 
liquid  air  machine  (Fig.  3),  using  2  m.  (6  ft.)  of  twisted  tube 
in  the  interchanger.  This  machine  had  a  capacity  of  3.51. 
per  hr.  liquid  air,  using  an  intake  pressure  of  250,  an  intake 
temperature  of  0°,  and  a  free  flow  of  air  of  0.72  cu.  m.  (24 
cu.  ft.)  per  min.,  or  an  efficienc}^  of  about  70  per  cent. 

Such  liquefiers  would  seem  to  have  a  great  use  for  laboratory 
purposes.  Their  cost  is  but  a  fraction  of  the  usual  liquefier, 
their  size  is  small  Cthe  height  of  the  can  in  Fig.  3  is  12  in.), 
and  as  thej'  use  only  2  m.  (6  ft.)  of  copper  tubing  for  the 
interchanger,  the  time  necessary  to  run  the  machine  before 
it  begins  to  form  liquid  air  is  much  reduced,  i.  e.,  4  min. 
as  compared  with  30  min.  or  so  for  apparatus  of  the  old 
type. 

Interchangers  using  the  twisted  tube  were  also  employed 
in  a  successful  small-scale  liquid  hydrogen  macliine.  The 
first  designs  of  this  machine  (bj''  Rodebush  and  Latimer  and 
by  the  author)  have,  however,  been  superseded  by  a  very 
ingenious  design  of  Dr.  Latimer's,  wliich  uses  also  the  same 
t-ivisted  tube  interchanger,  and  which  will  shortlj"^  be  described 
by  liim. 


CHANDLER  MEDAL  AWARD^ 


Introductory  Remarks 

By  George  B.  Pegram 

Colombia  Univbrsity,  New  York,  N.  Y. 

It  is  our  pleasure  to  be  assembled  this  evening  to  hear  as 
the  Chandler  Lecturer  for  the  present  year  a  gentleman  who  is 
widely  known  among  chemists  as  a  pioneer  in  the  very  rema  kable 
developments  of  our  knowledge  that  have  been  brought  about 
through  the  study  of  food  accessories  such  as  vitamines. 

I  have  the  honor  of  introducing  Professor  Frederick  Gowland 
Hopkins,  of  Cambridge  University,  England. 


Medal  Address 
Newer  Aspects  of  the  Nutrition  Problem 

By  F.  Gowland  Hopkins 

Professor  of  Biological  Chemistry,  University  of  Cambridge,  Cam- 
bridge,  England 

Nutritional  Stotdies  as  a  Branch  of  Applied  Chemistry 

The  study  of  nutrition  is  most  productive  when  it  is  followed 
as  a  branch  of  applied  organic  chemistry.  As  such  it  doubtless 
suffers  certain  disadvantages.  It  calls  for  workers  fully  ac- 
quainted with  the  technic  of  the  chemical  laboratory  and  pos- 
sessed of  all  that  is  special  in  the  chemist's  mental  equipment 
and  mode  of  thought.  Yet  it  calls  for  the  application  of  these 
possessions  in  a  region  which  is  perhaps  more  remote  from  the 
chemist's  experiences  during  his  training  than  are  any  other  of  the 
many  regions  in  which  his  science  is  applied.  The  successful 
pursuit  of  biochemistry,  of  which  science  nutritional  studies 
form  a  part,  calls  for  a  second  discipline.  The  young  chemist 
having  received  his  primary  training  must  be  content  to  become 
next  something  of  a  biologist;  he  must  know  enough  about 
animals  and  plants  to  appraise  the  problems  which  their  or- 
ganization   presents;     he    must   acquire    a   biological    outlook. 

1  Presented  at  Columbia  University,  New  York  City,  April  18,  1921. 


Chemistry  is  a  basal  science  underlying  the  practice  of  so 
many  human  activities  that  a  large  proportion  of  those  who 
start  with  a  chemical  training  must  ultimately  add  to  their 
equipment  other  kinds  of  expert  knowledge  before  qualifying 
for  their  life's  work.  It  is  a  pity  that  so  few  up  to  now  have 
chosen  biological  qualifications.  Hitherto,  the  primary  train- 
ing of  most  of  those  who  have  investigated  biochemical  problems 
has  been  biological  or  medical.  Such  workers  have  done  very 
well,  but  as  knowledge  progresses  it  becomes  more  and  more 
necessary  that  at  least  some  of  the  work  should  be  done  by  those 
whose  chemical  knowledge  is  primary  and  not  secondary. 

But  I  have  referred  to  certain  disadvantages  suffered  by 
biochemistry  and  you  will  think  of  one  of  them.  It  has  hitherto 
been  difficult  to  point  clearly  to  a  professional  (as  distinct  from 
an  academic)  career  for  the  yoimg  man  who  thinks  of  devoting 
himself  to  the  subject.  Only  in  connection  with  medicine  has 
it  hitherto  offered  professional  opportunities,  and  medical 
qualification  is  often  first  demanded  of  its  votaries.  This 
state  of  affairs  is  rapidly  altering.  Medical  practice  can  and  will 
in  the  future  be  helped  by  workers  whose  training  has  comprised 
something  less  than  a  complete  medical  course.  Biochemical 
knowledge,  moreover,  is  being  sought  in  many  unexpected 
quarters.  The  scientific  representatives  of  a  firm  that  manu- 
factures explosives  on  a  great  scale  asked  me  some  time  ago 
to  supply  them  with  a  biochemist.  At  first  it  seemed  difficult 
to  know  why;  but  the  explanation  was  simple  enough.  There 
is,  or  was,  some  anxiety  about  the  supply  of  glycerol.  Fats 
.  which  used  to  be  hydrolyzed  are  now  being  used  intact  in  all 
sorts  of  fresh  ways,  and  there  is  less  glycerol  as  a  by-product. 
Hence  a  desire  to  develop  the  methods  by  which  it  is  produced  by 
microorganisms,  and  the  biochemist  gets  an  opportunity.  This 
is  but  one  illustration.  I  can  say  with  certainty  that,  in  Great 
Britain  at  any  rate,  there  is  a  demand  for  professional  biochem- 
ists whith  is  greatly  in  excess  of  the  present  supply.  This  I 
find  satisfactory,  for  if  a  profession  opens  up  we  shall  find  it 
easier  to  obtain  workers  who  during  one  period  at  least  of  their 
career  will  help  advance  the  science  itself. 
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Need  for  Organic  Chemists  in  Biology 

I  find  it  difficult,  when  addressing  an  audience  composed 
largely  of  chemists,  to  avoid  a  propagandist  attitude:  because 
it  is  so  very  desirable  that  a  proportion  of  our  young  chemists, 
greater  than  heretofore,  should  devote  themselves  to  biological 
problems.  I  will  confess  that  I  am  at  the  moment  thinking  in 
particular  of  organic  chemistry.  For  it  seems  to  me  that  on 
the  whole  the  tendency  has  been  for  those  who  have  espepially 
qualified  as  physical  chemists  to  devote  themselves  to  biology 
rather  than  their  colleagues  who  are  more  particularly  accustomed 
to  think  in  terms  of  molecular 
structure.  Now  no  student  of 
the  plant  or  the  animal  can  do 
otherwise  than  offer  a  hearty 
welcome  to  the  physical  chemist. 
He  is  now  providing  knowledge 
for  which  a  whole  generation 
of  biological  workers  has  been 
waiting.  But  if  it  be  supposed 
that  the  application  of  the  meth- 
ods of  physical  chemistry,  ele- 
gant and  precise  as  they  are,  or 
the  physical  chemist's  particu- 
lar way  of  looking  at  things,  is 
going  to  take  us  more  directly 
and  quickly  into  the  secret  habi- 
tation of  life  than  other  forms 
of  chemical  study:  in  particular 
if  it  be  supposed  that  considera- 
tions of  molecular  structure  are 
not  essential  to  an  understand- 
ing of  living  processes — then, 
I  am  sure,  such  suppositions  are 
wrong. 

In  the  main,  though  not  of 
course  exclusively,  the  physical 
chemist  in'\)iology  is  engaged  in 
a  study  of  the  colloidal  appara- 
tus in  which  the  dynamic  events 
of  life  occur  and  in  carefully 
and  precisely  defining  a  group  of 
circumstances  which  conditions 
those  events.  We  could,  how- 
ever, picture  a  physical  system, 

composed  of  colloids  similar  to  those  which  exist  in  the  living 
cell,  endowed  with  a  characteristic  structure,  and  in  contact 
with  electrolytes  at  a  particular  hydrogen-ion  concentration, 
which  would  closely  resemble  a  living  unit  when  viewed  from  a 
purely  statical  standpoint;  but  unless  what  is  ordinarily  called 
metabolism  occurs  in  such  a  system  it  is  dead.  Now  metabo- 
lism consists  in  the  continuous  process  of  a  set  of  organic  chem- 
ical reactions  in  dynamic  adjustment.  Until  our  knowledge 
of  these  reactions  and  of  their  mutual  relations  is  complete, 
our  knowledge  of  living  tissues  will  remain  incomplete.  This 
knowledge  cannot  come  without  continued  thought  and  experi- 
ment on  the  lines  of  what  we  are  accustomed  to  call  organic 
chemistry.  This  applies  to  biochemistry  as  a  whole,  and  not 
least  to  that  branch  of  it  which  comprises  the  study  of  nutrition. 

There  is  of  course  one  method  of  estimating  the  nutritional 
needs  of  the  body  which  avoids  consideration  of  chemical  de- 
tails. They  may  be  dealt  with  from  the  standpoint  of  ener- 
getics. Indeed,  as  the  last  century  closed,  the  facts  of  nutrition 
were  coming  to  be  viewed  more  and  more  exclusively  from  this 
standpoint.  The  criterion  of  an  efficient  dietary  was  apparently 
destined  to  be  its  caloric  value,  and,  with  one  qualification, 
which  seemed  then  to  be  lessening  in  significance,  its  caloric 
value  alone.  The  chemical  standiwint,  in  so  far  as  it  envisaged 
details,  seemed  to  be  losing  its  practical   importance. 


Professor  Frederick  Gowland  Hopkins 


Successes  and  Limitations  of  Calorimetrv 

Those  years  saw  a  remarkable  development  in  the  technic 
of  human  calorimetry.  The  accuracy  with  which  the  energy  ex- 
changes in  the  body  came  to  be  measured  gave  rise  in  the  minds 
of  all  students  of  nutrition  to  a  sense  of  real  accomplishment 
and  to  a  feeling  that,  in  addition  to  certain  theoretical  con- 
clusions of  great  interest,  calorimetry  was  making  available, 
perhaps  for  the  first  time,  information  of  a  really  quantitative 
kind  to  serve  in  practical  guidance.  The  vague  standards 
based  upon  statistical  studies  of  the  habits  of  the  communities 

could  at  [last,  it  was  felt,  be 
checked,  and  if  need  be  cor- 
rected, by  data  which  were  in 
the  truest  sense  scientific.  What, 
in  terms  of  energy,  are  the  basal 
requirements  of  the  body? 
What  the  caloric  equivalent 
of  various  forms  of  mechanical 
work?  What  the  efficiency  of 
the  human  body  as  a  machine? 
What  the  relative  value  of  food- 
stuffs as  sources  of  muscular 
energy?  All  these  and  kindred 
questions  were  being  answered 
or  the  methods  for  their  future 
solution  made  clear  as  the  last 
century  closed.  They  are,  in- 
deed, still  being  investigated, 
and  with  increasing  accuracy, 
chiefly  in  the  country  where 
they  were  first  seriously  dealt 
with.  For  American  workers, 
Graham  Lusk,  Benedict,  Dubois 
and  others  are  continuing  the 
work  of  Atwater  and  Rosa,  and 
are  obtaining  quantitative  data 
which  can  be  so  controlled 
as  to  carry  their  own  inher- 
ent proof  of  striking  and  even 
startling  accuracy.  The  inves- 
tigations are  extending  into  the 
domain  of  pathological  metab- 
olism, and  there  I  am  con- 
vinced will  have  important 
bearings.  Calorimetry  as  applied  to  human  beings  is  an 
American  science,  and  this  country  should  feel  the  utmost 
pride  in  what  it  has  accomplished.  It  is,  in  fact,  impos- 
sible to  overestimate  the  theoretical  and  practical  importance 
of  the  data  of  human  calorimetry.  My  only  contention  is 
that  they  are,  and  must  always  remain,  insufficient  for 
complete  knowledge.  In  a  limited  sense  calorimetry  applies 
the  methods  of  thermodynamics  to  the  study  of  the  body  and 
its  results  share  the  advantage  of  conclusions  reached  by  these 
methods  in  other  branches  of  science.  They  involve  quanti- 
tative statements  which  will  remain  true  however  our  view  may 
change  with  regard  to  the  mechanism  underlying  those  manifes- 
tations of  change  which  permit  easy  measurement.  The  thermo- 
dynamic method  is  however  sometimes  like  a  blind  man's  stick. 
It  carries  us  safely  along  a  path  which  wc  cannot  see,  but  fails 
to  show  us  how  we  may  best  reach  our  ultimate  goal.  When 
there  is  complexity  of  a  kind  which  cannot  be  reduced  to  sta- 
tistics, the  method  of  thennodynamics  is  apt  to  fail  us.  The 
human  body  obeys  the  laws  of  thermodynamics  when,  for  this 
or  that  good  reason,  it  is  surely  perishing! 

Without,  tlicrefore,  tiiulercstimating  for  one  moment  the  value 
of  thermal  studies  as  applied  to  nutrition,  1  think  it  must  be  ad- 
mitted that  they  in  themselves  can  never  constitute  a  sufficient 
guide  for  the  progress  of  knowledge. 
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Importance  of  Structural  Chemistry 

Anyone,  at  any  rate,  who  will  trouble  himself  to  appraise  the 
nature  of  the  progress  which  the  detailed  studies  of  the  last 
twenty  years  have  contributed  to  our  views  concerning  animal 
and  human  nutrition  will  not  doubt  what  I  have  said  earlier  as  to 
the  importance  of  thinking  in  terms  of  organic  chemistry.  Up 
to  the  end  of  the  last  centiu'y,  thought  about  the  chemistry  of 
living  beings  scarcely  employed  considerations  of  molecular 
structure,  or  employed  them,  at  any  rate,  in  a  very  limited 
sense.  Now,  as  the  residt  of  twenty  years'  progress,  all  con- 
cerned are  doing  their  best  to  think  in  terms  of  structural  chem- 
istry; with  the  result  that  vague  views  about  metabolism  are 
giving  place  to  clearer  conceptions  from  which  must  foUow  a 
better  understanding  of  the  nutritive  needs  of  the  body. 

Perhaps  only  those,  who,  like  myself,  have  had  to  talk  to 
students  about  such  matters  for  five-and-twenty  years,  can  fully 
realize  how  much  the  clarification  of  thought  has  progressed. 

Modern  Conceptions  of  Protein  Metabolism 

Especially,  of  course,  is  all  this  true  in  connection  with  the 
nutritive  functions  of  protein.  So  long  as  we  had  to  fit  into 
our  mental  picture  of  what  occurs  in  living  tissues  the  h>'po- 
thetical  behavior  of  a  complex  molecule  of  which  we  knew  lit- 
tle, and  conceived  of  it  as  being  oxidized,  or  otherwise  utilized 
as  a  complex  whole;  oppressed  therefore  by  the  feeling  that  its 
very  complexity  would  remove  the  processes  involved  from  the 
domain  of  clear  chemical  presentation;  so  long  as  all  this  was 
the  case  we  had  to  think  in  intellectual  blinkers  about  the  func- 
tions of  protein.  But  simultaneously  with  the  beginning  of 
the  present  century,  progressive  work  began  which  has  changed 
the  outlook.  We  have  come  to  know  that  the  complex  mole- 
cule is  built  up  of  some  twenty  structural  units,  each  a  chemical 
species,  but  all  belonging  to  the  same  chemical  genus.  We 
know  the  structure  of  each  of  these  amino  acids  and  realize 
that  among  them  unity  of  type  is  combined  with  great  di- 
versity in  structural  detail,  the  unity  and  diversity  being  equally 
significant  for  the  student  of  nutrition.  We  know,  more- 
over, that  the  process  by  which  we  liberate  these  constituents 
from  the  protein  complex  in  the  laboratory^ — the  process  of 
hydrolysis — is  identical  with  that  which  occurs  in  digestion. 
We  know  finally  that  in  the  alimentary  canal  this  process  is 
very  completely  carried  out  before  adsorption  of  material  occurs; 
so  that  the  immediate  phenomena  of  nutrition  begin  not  with  a 
supply  of  protein  as  such,  but  with  a  supply  of  amino  acids. 
When  we  eat  protein  we  consume,  in  effect,  not  one  substance 
but  twenty,  and  each  of  these  may  have  quite  special  functions 
in  nutrition.  All-important  to  present  and  future  progress 
is  the  fact  that  they  are  substances  of  known  molecular  structure. 
It  is  impossible,  of  course,  for  me  to  deal  historically  with  this 
advance  in  knowledge.  I  have  been  instructed  to  narrate  per- 
sonal experiences,  and  though  it  may  be  unfair  to  others  I  will 
confine  myself   to   illustrations  drawn   from   such   experiences. 

I  can  claim  that  some  eighteen  years  ago  my  imagination 
(doubtless  like  that  of  many  others)  was  greatly  stirred  by  the 
facts  then  becoming  available.  It  seemed  to  me  essential  for 
the  understanding  of  protein  nutrition,  and  for  the  analysis 
of  the  factors  concerned  in  the  maintenance  of  nitrogenous 
equilibrium,  that  the  relative  nutritive  importance  and  ulti- 
mately the  precise  fate  of  each  individual  amino  acid  should  be 
determined  separately.  In  1906,  in  conjunction  with  Miss 
Edith  Willcox  (now  Mrs.  Stanley  Gardiner),  I  published  results 
of  some  experiments  which  illustrated  the  special  nutritive  im- 
portance of  the  indole  nucleus  contained  in  tryptophan,  an 
amino  acid  first  separated  from  protein  a  few  years  earlier  by 
S.  W.  Cole  and  myself.  Incidentally  these  experiments  in- 
dicated that  an  amino  acid  may  be  used,  not  alone  for  the  build- 
ing up  of  tissue  proteins,  but  also  immediately  and  directly  for 
more    specific    purposes.     It    is    important   when    approaching 


studies  of  metabolism  and  nutrition  to  realize  in  advance  that 
more  than  one  path  of  change  may  lie  before  any  particular  unit 
in  the  food  eaten.  The  results  of  the  unambitious  pioneer  re- 
search just  mentioned,  in  so  far  as  it  bore  upon  the  importance 
of  the  indole  nucleus,  have  since  been  confirmed  by  myself, 
and  abundantly  by  others,  on  more  conclusive  lines.  The  fact 
recently  demonstrated  by  Kendall,  at  Rochester,  Minnesota, 
that  the  aU-important  active  principle  of  the  thyroid  gland  is 
an  iodine  derivative  of  indole  has  shown  us  one  probable  reason 
for  the  importance  of  a  supply  of  tryptophan  in  the  diet.  This 
is  only  an  illustrative  instance  of  the  special  functions  which 
may  be  subserved  by  individual  parts  of  the  protein  molectile. 

The  circumstance  that  an  animal  can  be  normally  nourished 
when,  instead  of  intact  protein,  it  receives  a  complete  mixture 
of  amino  acids  has  greatly  assisted  studies  meant  to  determine 
the  relative  nutritive  importance  of  the  different  molecular 
groups  in  the  protein  molecule.  The  original  amino  acid  mix- 
ture obtained  by  digesting  any  normal  protein  may  be  frac- 
tionated, and  this  or  that  constituent  may  be  withdrawn  from 
the  mixture  before  it  is  supplied  to  the  animal.  Ultimately, 
by  so  withdrawing  a  particular  unit  and  observing  the  effects  of 
its  withdrawal,  we  may  not  only  measure  its  importance  but 
also  obtain  information  as  to  any  special  functions  it  may  sub- 
serve. 

I  have  myself  tried  the  effects  of  withdrawing  certain  amino 
acids  besides  trytophan.  If  for  instance  an  animal  be  given 
as  its  sole  nitrogenous  nutriment,  the  amino  acid  mixtiu-e  de- 
prived of  hystidine  and  arginine,  nutrition  fails.  It  promptly 
becomes  normal  again  when  these  two  imits  are  restored  to  the 
food.  The  first  of  these  substances  contains  the  iminazole 
ring,  and  the  second  gets  its  special  stamp  from  the  existence  of 
the  guanidine  group  in  its  molecule.  Now  it  is  remarkable 
that,  though  the  absence  of  both  these  amino  acids  from  the 
food  supply  is  fatal,  the  absence  of  either  alone  is  well  borne  by 
the  animal,  and  experiment  shows  that  one  can  take  the  place 
of  the  other  in  metabolism.  Considerations  of  molecular  struc- 
tiu-e  make  it  easy  to  understand  why  this  may  well  be  the  case 
and  the  body  in  this  case  clearly  takes  advantage  of  certain 
possibilities  which  are  obvious  to  the  chemist. 
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Similarly  a  deficiency  of  tyrosine  may  be  compensated  by  a 
larger  supply  of  the  closely  related  phenylalanine;  and  there 
are  probably  similar  cases.  Such  facts  help  to  throw  light 
upon  the  equipment  of  the  tissues  as  laboratories:  they  must 
also  be  borne  in  mind  when  we  are  estimating  the  nutritive  value 
of  any  particular  form  of  protein. 

Considerations  of  molecular  structure  made  it  probable  that 
arginine  and  histidine  might  well  be  the  precursors  of  the  purine 
bases  which  are  characteristic  constituents  of  the  nucleic  acids 
found  in  all  tissue  cells.  Led  by  the  structional  suggestions, 
Ackroyd  and  the  writer  some  years  ago  tested  this  matter  by 
feeding  experiments,  and  obtained  evidence  to  show  that  the 
suggestions  were  fulfilled.  Arginine  and  histidine  seem  to  be 
the  special  raw  material  for  the  synthesis  of  purines  in  the  body. 

On  the  other  hand,  there  are  constituent  groups  in  protein 
which  are  certainly  of  much  less  nutritive  importance  than  those 
discussed.  Especially  would  this  seem  to  be  true  of  those 
amino  acids  which  have  a  relatively  simple  constitution — the 
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aliphatic  substances,  for  instance,  with  a  normal  chain  of  carbon 
atoms.  I  have  myself  found,  for  instance,  that  if  glutamic  acid, 
aspartic  acids,  and  hydroxyglutamic  acid  recently  identified  by 
Dakin  be  all  removed  from  the  amino-acid  mixture,  animals 
■can  maintain  themselves  quite  well  upon  the  residual  amino 
acids.  The  contrast  between  the  fatal  effects  of  removing 
tryptophan,  which  constitutes  some  two  per  cent  only  of  a 
normal  protein,  with  the  almost  neRligible  effects  of  removing  the 
amino  acids  just  mentioned,  which  may  represent  perhaps 
thirty  per  cent  of  the  protein,  is  sufficiently  striking.  There  is 
little  doubt  that  the  difference  is  due,  not  to  the  fact  that  the 
tissues  can  dispense  with  any  protein  constituent  necessary  to 
their  normal  chemical  make-up,  but  rather  to  the  range  of  synthetic 
possibilities  within  the  body  When  deprived  of  a  supply  of 
certain  amino  acids,  it  can  synthesize  them  for  itself;  the  syn- 
thesis of  others  is  not  within  its  powers. 

Very  interesting  is  the  knowledge,  incomplete  as  yet,  which 
we  possess  concerning  the  chemical  changes  which  individual 
amino  acids  actually  undergo  in  the  body.  The  fate  of  each  is 
individual  because  its  molecular  structure  is  individual.  I 
could  indeed  better  illustrate  the  truth  of  my  opening  conten- 
tion concerning  the  importance  of  structural  considerations  in 
biological  chemistry  if  we  were  considering  intermediary  metab- 
olism rather  than  nutrition  in  the  more  limited  sense.  The 
few  facts  I  have  put  before  you  will,  however,  illustrate  it  suffi- 
ciently. 

The  outcome  of  the  recent  advances  in  knowledge  concerning 
the  chemistry  and  metabolism  of  protein  when  viewed  from  the 
standpoint  of  practical  dietetics  is  in  the  main  this;  'We  cannot 
any  longer  be  content  to  speak  of  the  body's  demands  for  "protein" 
in  unqualified  terms.  The  balance  of  individual  amino  acids, 
the  relative  amount  of  this  or  that  acid,  may  be,  we  know,  very 
different  in  different  proteins,  and  this  difference  may  markedly 
affect  the  relative  nutritive  value.  For  the  future  we  must  in 
this  connection  think  of  quality  as  well  as  quantity. 

What  we  know  about  the  functions  and  fate  of  the  other 
basal  foodstuffs,  the  carbohydrates  and  fats,  illustrates  equally 
well  the  importance  of  structural  considerations  in  biochemistry. 
But  with  these  I  cannot  deal. 

VlTAMINES 

I  will  rather  pass  at  once  to  a  newer  aspect  of  our  knowledge 
concerning  the  nutritional  demands  of  the  body,  and  remind 
you  of  facts  which  more  than  any  others  illustrate  the  necessity, 
when  we  are  seeking  to  define  an  efficient  dietary,  of  consider- 
ing the  nature  of  the  material,  as  well  as  the  energy  supply.  I 
mean,  of  course,  the  facts  concerning  the  accessory  food  sub- 
stances, as  I  once  ventured  to  name  them,  or  (to  use  the  more 
familiar  name  conferred  on  them  by  Casimir  Funk)  vitamines. 
As  you  are  doubtless  aware,  the  chemical  nature  of  these  sub- 
stances is  as  yet  unknown.  Their  properties  cannot  therefore 
at  the  moment  be  used  to  illustrate  further  my  theme  concerning 
the  importance  of  molecular  structure  in  nutritional  phenomena, 
though  I  doubt  not  that  once  they  are  isolated  the  biochemist 
will  have  an  interesting  task  in  relating  their  action  to  their 
structure.  But  there  are  other  reasons  why  1  should  speak  to 
you  concerning  them.  I  have  received  credit — perhaps  too 
much  credit — as  pioneer  in  their  discovery.  Ten  years  ago  the 
time  was  ripe  for  the  emergence  of  certain  facts.  They  were  in 
the  air;  and  when,  in  the  progress  of  science,  this  is  the  case, 
questions  of  priority  lose  their  importance.  I  will  however 
relate  my  own  experiences. 

During  1906  I  was  engaged  in  feeding  animals  upon  mixtures 
of  different  amino  acids,  and  of  necessity  had  to  employ  syn- 
thetic foods.  Starch,  fats,  and  salts  were  added  to  the  amino 
acids  to  complete  the  dietary.  The  first  circumstance  which 
set  me  thinking  was  the  observation  that  animals  prospered 
better  when  they  were  fed  upon  amino  acids  obtained  by  fully 
digesting  tissues  than  when  the  source  of  amino  acids  was  a 


separated  and  purified  protein  digested  in  the  same  way.  Lean 
beef,  for  instance,  gave  better  results  than  casein.  At  first 
one  was  inclined  to  attribute  the  differences  either  to  the  fact 
that  the  amino  acid  balance  was  better  in  the  former,  or  to  the 
presence  in  the  tissues  of  familiar  substances,  such  as  lecithin, 
but  I  could  not  get  confirmatory  evidence  for  this  supposition. 
The  first  strong  suggestion  that  something  special  had  to  be  looked 
for  came  not  from  my  main  experiments,  but  from  their  controls. 
In  the  latter  the  animals  were,  for  the  sake  of  comparison, 
given  intact  casein  instead  of  the  amino-acid  mixture,  the 
rest  of  the  diet  being  the  same.  Now,  for  a  long  time  these 
control  animals  grew  very  well  and  kept  in  good  health.  If 
growth  was  slow  I  put  it  down  to  the  fact  that  a  synthetic  diet 
might  in  any  case  be  somewhat  unsuitable  for  an  animal.  From 
a  certain  date  onward,  however,  all  the  animals  on  casein  began 
to  do  badly.  They  showed  no  growth  at  all  and  their  health 
failed.  After  some  time  the  reason  occurred  to  me.  For  the 
preparation  of  amino  acids  I  used  pure  casein,  but  for  the  food 
of  the  control  animals  a  commercial  article  was  used.  On  the 
date  referred  to  I  had  begun  to  feed  these  animals  on  a  casein  prep- 
aration different  from  that  which  for  a  long  time  previous  had 
served  as  the  protein  supply  of  my  laboratory.  The  new  prep- 
aration had  just  come  on  the  market  and  in  appearance  seemed 
a  much  better  article ;  but  there  was  soon  no  doubt  that  its  use 
was  the  cause  of  the  failures.  When  put  upon  the  old  casein 
supply  all  the  animals  grew  again! 

At  first  I  was  naturally  inclined  to  think  that  the  new  pro- 
tein had  suffered  some  sort  of  denaturation  during  the  course 
of  its  manufacture,  but  that  supposition  suffered  easy  disproof. 
When,  earlier,  I  began  experiments  with  synthetic  diets  I  added 
small  quantities  of  meat  extracts  and  extracts  from  yeast  to 
give  flavor  to  the  tasteless  food.  I  was  thinking  then  of  the 
animal's  "appetite,"  as  was  natural,  and  as  most  people  do  when 
they  start  such  experiments.  I  quickly  found,  howevei,  that 
rats  ate  synthetic  diets  very  well  without  such  additions,  and 
at  the  time  of  the  experience  with  casein  just  mentioned  I  had 
ceased  to  use  them.  Nevertheless  my  memory  at  this  time,  if 
not  my  notebooks,  carried  suggestions  concerning  the  influence 
of  the  extracts  which  led  me  to  try  adding  them  to  diets  con- 
taining the  new  casein,  with  striking  results.  Growth  was  now 
as  good,  and  sometimes  better  than  with  the  old  casein,  and 
growth  occurred ,  too,  in  animals  which  were  eating  no  more,  or  even 
less,  than  other  individuals  living  on  the  pure  casein  diet  with- 
out addition  and  showing  continuous  loss  of  weight  as  a  result. 
The  extracts  powerfully  affected  nutrition.  I  now  extracted 
the  old  casein  with  various  solvents  and  finally  got  a  product 
which  behaved  exactly  like  the  new.  When  the  substances 
dissolved  out  were  returned  to  the  food,  growth  occurred  as 
before. 2  I  wasted  next  a  good  deal  of  time  by  trying  the  effect 
of  various  familiar  substances  of  determined  nature  known  to  be 
in  yeast;   always  with  unsatisfactory  results. 

By  this  time  I  had  come  to  the  conclusion  that  there  nuist  be 
something  in  normal  foods  which  was  not  represented  in  a  syn- 
thetic diet  made  up  of  pure  protein,  pure  carbohydrate,  fats, 
and  salts;  and  something  the  nature  of  which  was  unknown. 
Yet  at  first  it  seemed  so  unlikely!  So  much  careful  scientific 
work  upon  initrition  had  been  carried  on  for  half  a  century  and 
more — how  could  fundamentals  have  been  missed?  But, 
after  a  time,  one  .said  to  oneself,  "Why  not?"  The  results  of 
all  the  classical  experiments  had  been  expressed  in  terms  of  the 
known  fundamental  foodstufl's:  but  these  had  never  been  ad- 
ministered /)Hr«/  If,  moreover,  the  unknown,  although  clearly 
of  great  importance,  must  be  iiresent  in  very  small  amounts— 
again,  why  not?  Almost  infinitesimal  amounts  of  material 
may  have  a  profound  effect  upon  the  body,  as  pharmacology  and 
the  facts  concerning  inmumity  assure  us.     Why  not  then  in 

»  It  i.s  rcninrkiililc  whnt  a  cotisifl(Tnl)le  proportion  of  the  vitnmincs 
present  in  milk  is  arlsorlipii  by  prei'ipilittcd  ensoin,  A  failure  to  ri'cogiiize 
Uiis  has  often  ohscnretl  the  results  of  feediiiK  trials. 
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nutritional  phenomena?  The  animal  depends  ultimately  upon 
the  plant  for  the  synthesis  of  materials  which  bulk  largely  in  its 
food:  there  is  no  reason  why  it  should  not  be  adjusted  so  as  to 
be  in  equal  need  of  substances  which  the  plant  makes  in  small 
amount.  Only  if  energy  were  the  sole  criterion  of  an  animal's 
needs  would  this  be  impossible;  but  certainly  it  is  not  the  sole 
criterion. 

So  my  faith  grew  in  the  existence  of  a  previously  unrecognized 
type  of  nutrient. 

At  this  period  I  spent  much  time  in  the  endeavor  to  isolate 
from  yeast  extracts  an  active  substance  with  definite  chemical 
properties,  but  wholly  without  success. 

The  experimental  period  that  I  have  been  describing  was, 
for  me,  in  one  particular,  unfortunate.  I  experienced  periods 
of  continuous  success  in  maintaining  growing  animals  upon  puri- 
fied dietaries  after  the  addition  of  very  small  quantities  of 
fractionated  yeast  preparations,  but  they  were  interspersed  with 
occasional  failures  which  shook  my  confidence.  Only  when 
milk,  in  small  amounts,  formed  the  addendum  did  failure  never 
follow.  The  explanation  is  now  clear.  The  protein  and  car- 
bohydrate used  in  my  experiments  were  thoroughly  purified 
and  standardized,  but  for  fat  I  used  lard.  But  lard,  as  many 
experimentalists  now  know  to  their  cost,  is  a  variable  fat.  What 
I  was  adding  or  witholding  in  my  early  experiments  was  vitamine 
B  alone.  I  taught  myself  nothing  about  vitamine  A,  which  is 
associated  with  most  animal  fats.  The  amount  of  it  in  com- 
mercial lard  varies  greatly;  and  I  have  no  doubt  that  when 
my  animals  did  well  the  lard  they  consumed  contained  enough 
of  it;  while  when  they  did  Ul  the  lard  was  deficient  in  this 
particular. 

I  was  on  safer  ground  in  using  milk,  for  though  milk  is  not 
especially  rich  in  vitamines  it  always  contains  both  A  and  B. 
When,  therefore,  at  last,  I  ventured  on  publication  it  was  mainly 
my  experiments  with  milk  that  I  described  in  proof  of  the 
existence  of  accessory  food  factors. 

A  great  step  forward  was  made  in  1913  when  McCoUum  and 
Davis  made  it  clear  that  there  are  at  least  two  vitamines — those 
just  mentioned — concerned  in  nutrition;  for  we  have  since 
learned  how  great  is  the  nutritive  importance  of  fat-soluble  A, 
of  which  the  existence  was  then  demonstrated.  It  seems  to 
me  fair  to  say  that  a  recognition  of  the  importance  of  a  factor 
associated  with  fats  was  implicit  if  not  explicit  in  papers  pub- 
lished at  this  time  by  Osborne  and  Mendel,  and  their  experi- 
ments in  proof  of  this  appeared  close  on  the  heels  of  McCoUum's 
now  classic  publication.  Such  fundamental  matters  could  not 
indeed  long  escape  the  organized  and  intensive  work  which  was 
being  done  at  the  American  centers  of  activity. 

I  have  given  you  a  brief  account  of  my  own  early  experiences 
in  this  domain  (never  having  told  about  them  before)  because  I 
was  assured  that  you  would  care  to  hear  it.  I  fear  you  may  have 
found  it  trivial,  though  the  period  it  deals  with  contained  some 
thrilling  moments  for  me. 

It  would  have  been  more  useful,  I  imagine,  if  I  had  attempted 
to  give  you  a  critical  appraisement  of  the  present  position  of 
cm-  knowledge  of  vitamines.  To  attempt  one  now  would  be 
unwise,  for  to  be  of  use  it  would  take  much  time.  Advances 
have  been  real  during  the  last  year  or  two,  but  chiefly  in  matters 
of  detail.  Perhaps  no  considerable  advance  can  now  occur  until 
a  vitamine  has  been  isolated  in  piu-e  form  and  its  constitution 
determined.  I  am  sure  that  this  will  be  no  very  distant  ac- 
complishment. 

If  indeed  there  be  any  in  this  audience  who  feel  skeptical 
with  regard  to  the  whole  question  of  vitamines  or  at  any  rate 
with  regard  to  their  practical  importance  (there  are  still 
some  skeptics  in  my  own  country!),  I  feel  that  I  am  qualified  to 
ask  them  to  reconsider  their  attitude.  Apart  from  the  many 
hundreds  of  experiments  I  have  made  myself,  I  have  seen  the 
work  which  is  being  done  upon  the  subject  at  some  of  the  chief 
centers  of  activity.     I  can  testify  to  the  care  and  effort  which 


is  being  put  into  the  study  at  the  Lister  Institute  and  at  Uni- 
versity College,  London.  I  have  recently  paid  illuminating 
visits  to  the  departments  of  Drs.  Osborne  and  Mendel  at  Yale, 
and  to  that  of  Dr.  E.  V.  McCoUum  at  the  Johns  Hopkins  Uni- 
versity. In  each  and  all  of  these  centers  one  finds  thorough 
organization  and  a  properly  critical  atmosphere.  The  technic 
used  in  the  study  of  vitamines  has  now  been  developed  till, 
in  its  own  special  way,  it  is  exact  and  reliable.  All  concerned 
have  to  talk  and  write  under  the  disadvantage  which  arises 
from  the  fact  that  the  actual  nature  of  these  substances  remains 
unknown,  but  in  spite  of  this  a  great  amount  of  real  knowledge  of 
practical  value  is  being  accumulated. 

Between  the  experiments  on  animals  and  actual  human  ex- 
perience there  are,  as  you  know,  links  enough.  The  absence  of 
one  particular  vitamine  from  the  food  is  the  whole  and  sufficient 
reason  for  the  occurrence  of  human  scurvy,  the  absence  of  another 
forms  the  main  factor  in  the  etiology  of  a  second  disease,  beriberi, 
the  absence  of  a  third  plays  at  least  a  large  part  in  the  induction 
of  rickets.  But  if  extreme  deficiency  in  such  factors  results 
in  actual  disease,  who  shall  say  how  much  vague  ill  health  may 
follow  upon  relative  deficiency?  That  is  the  consideration 
which  gives  importance  to  this  newest  chapter  in  the  science  of 
nutrition. 

WhUe  the  newer  knowledge  which  has  grown  up  on  the  lines 
that  I  have  briefly  and  incompletely  indicated  has  undoubtedly 
important  practical  bearings,  those  engaged  in  the  work  should 
doubtless  use  caution  in  their  relations  with  the  public.  We 
should  keep  a  sense  of  proportion.  It  would  be  wrong,  for 
instance,  or  so  it  seems  to  me  (I  have  heard  the  contrary  opinion 
expressed)  so  to  exaggerate  the  importance  of  the  fat-soluble 
vitamine  as  to  teach  that  vegetable  fats  which  do  not  contain 
it  should  disappear  from  the  market.  Fat,  as  such,  is  after  all 
a  valuable  and  necessary  food  of  which  it  is  none  too  easy  to 
maintain  a  supply.  We  should  rather  show  how  such  fats  are 
to  be  supplemented  properly  whenever  they  form  a  consider- 
able part  of  the  public  supply. 

Again,  although  there  can  be  no  doubt  that  the  fundamental 
phenomena  of  nutrition  are  the  same  in  all  mammals,  there  are 
specific  differences  which  we  should  not  forget  in  applying  our 
laboratory  results.  Deficiencies  are  felt  more  immediately  and 
directly  by  the  small  animals  on  which  so  many  of  our  experi- 
ments are  done  than  by  larger  species  with  slower  metabolism. 
We  may  consequently  tend  to  exaggerate  the  general  importance 
of  this  or  that  factor.  We  should  not,  I  fancy,  make  too  much  of 
the  "biological  value"  of  proteins  in  connection  with  human  nu- 
trition until  more  observations  have  been  made  upon  human 
subjects.  The  most  favorable  balance  of  amino  acids  may  be 
different  in  different  species;  though  as  a  matter  of  fact  the 
weight  of  evidence  is  against  this  possibility.  At  any  rate, 
we  must  remember  that  physiological  adjustments  may  be  made 
during  long  periods  of  use  and  custom  which  could  not  occur 
during  the  relatively  brief  duration  of  an  experiment.  In 
connection  with  the  part  that  food  deficiencies  may  play  in 
the  causation  of  human  diseases,  we  should  bear  in  mind 
that  a  clinical  condition  is  usually  more  complex  than  condi- 
tions observed  in  the  laboratory  as  the  result  of  varying  a' 
single  factor. 

Nevertheless,  as  I  have  already  said,  there  exist  many  links 
of  evidence  to  show  that  laboratory  results  are  fully  paralleled 
in  human  experience,  and  evidence  of  this  sort  tends  to  increase. 
There  is  at  any  rate  no  fear  of  exaggerating  the  importance  of 
the  newer  outlook  when  the  rearing  of  children  is  in  question. 
If  one  had  to  sum  up  in  a  sentence  what  constitutes  that  newer 
outlook,  I  would  say  that  it  is  a  fuller  recognition  of  the  fact  that 
quality  is  as  important  as  quantity  in  all  that  concerns  nutrition. 
But  "quality"  must  be  read  in  a  new  sense,  a  sense  sufficiently 
defined  by  the  facts  I  have  been  discussing. 

I  referred  earlier  to  the  literal  fact  that  human  calorimetry 
is  an  American  science.     It  seems  to  me  as  I  think  of  those  who 
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are  engaged  in  the  study  of  nutrition  on  the  fresh  and  extended 
lines  that,  unless  we  who  work  elsewhere  work  very  hard,  the 
new  science  which  is  developing  will  come  into  the  same  category. 


Presentation  of  Chandler  Medal 

By  George  B.  Pegram 

Columbia  I'niversity.  New  York,  N.  Y. 

There  are  certain  names  that  stand  for  whole  periods  in  the 
existence  of  institutions,  epitomize  epochs  of  development  and 
accomplishment.  No  such  name  at  Columbia  stands  for  more 
than  Chandler.  Reaching  from  the  foundation  of  the  School  of 
Mines  in  1864  to  the  present  and  covering  nearly  half  a  century 
of  labor  and  responsibility  in  active  connection  with  the  develop- 
ment and  progress  of  scientific  work  at  Columbia,  his  great  per- 
sonality has  built  itself  into  the  structure  of  this  University 
in  so  intimate  a  fashion  that  the  keenest  analysis  could  not 
separate  it  out.  It  was,  therefore,  a  most  appropriate  action 
for  a  group  of  his  friends  to  present  to  the  Trustees  of  Columbia 


University  a  sum  of  money  constituting  the  Charles  Frederick 
Chandler  Foundation,  the  income  from  which  is  to  be  used  to 
provide  each  year  a  lecture  by  an  eminent  chemist  and  to 
provide  a  medal  to  be  presented  to  the  lecturer  in  public  recogni- 
tion of  his  achievements  in  science.  The  previous  lecturers  on  this 
Foundation  have  been  L.  H.  Baekeland,  Sc.D.,  W.  F.  Hille- 
brand,  Ph.D.,  and  W.  R.  Whitney,  Ph.D. 

On  the  recommendation  of  a  University  committee,  the 
Trustees  of  Columbia  University  have  awarded  the  Chandler 
Medal  for  this  year  to  Frederick  Gowland  Hopkins,  F.R.C.P., 
F.R.S.,  P.I.C,  F.C.S.,  Fellow  of  Trinity  College,  Honorary 
Fellow  of  Emanuel  College,  Cambridge,  Member  of  the  Medical 
Research  Council,  and  of  the  Consultative  Council  to  the  Min- 
ister of  Health,  Professor  of  Biological  Chemistry,  Cambridge 
University. 

Professor  Hopkins,  this  medal  is  presented  to  you  in  public 
recognition  of  your  pioneer  and  valuable  researches  in  biochemis- 
try, particularly  in  connection  with  food  accessories,  such  as  vita- 
mines,  and  your  public  service  on  the  Medical  Research  Council 
and  the  Consultative  Council  to  the  Minister  of  Health. 
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Contribution  to  the  Theory  of  the  Water- Gas  Process' 

By  S.  Kohn 
Rohm  &  Haas  Co.,  Inc.,  40  N.  Front  St.,  Philadelphia,  Pennsylvania 


The  usual  explanation  of  the  interaction  between  steam  and 
carbon  is  that  at  about  600°  C.  carbon  dioxide  and  hydrogen 
are  the  chief  products  formed,  according  to  the  equation 


C  -f  2H2O  =  CO2  -f  2H2 


(A) 


and  that,  as  the  temperature  rises,  more  and  more  carbon  monox- 
ide appears  in  the  resulting  gases.  Finally,  at  about  1000°  C. 
and  above,  carbon  monoxide  and  hydrogen  are  practically  the 
sole  constituents  of  the  gases,  which  may  conceivably  be  formed 
according  to  the  equation 


C  +  H2O  =  CO  -f  H.. 


(B) 


At  temperatures  between  600°  and   1000°   C,  both  reactions 
may  be  considered  as  taking  place  simultaneously. 

The  standing  of  Equations  A  and  B,  as  an  explanation  of  the 
chemistry  of  the  water-gas  process,  is  that  of  a  fairly  useful 
hypothesis.  We  have  no  proof  that  the  reactions  actually 
proceed  in  the  manner  indicated.  Furthermore,  while  these 
equations  do  explain  satisfactorily  some  of  the  phenomena, 
they  are  not  sufficient  to  explain  all.  Haber,^  after  introducing 
and  discussing  Equations  A  and  B,  adds:  "Now  one  can  con- 
sider that  A  and  B  are  also  connected  by  the  equation 


C  -f-  CO2 


2CO," 


and  he  uses  this  third  equation  for  further  elucidating  the  peculiar 
relations  between  the  volume  concentrations  of  the  resulting 
gases  in  the  water-gas  process.  Ridcal'  thinks  that  the  follow- 
ing combination  of  three  equations  represents  the  chemistry, 
of    the    water-gas    process: 

C  -I-  H2O  =  CO  -t-  H2 

CO  -f  H2O  "^T  CO2  -f  H2 

C  +  CO2  :*~T  2CO 

These  instances  will  suffice  to  prove  that  our  present  conception 
of  the  chemistry  of  the  process  is  open  for  discussion,  and  that 


'.Received  August  3,  1!>21. 

'  "Thcrinodynamik    tcchiiischcr   Gasreiiktioncn," 

• /.  .SV.  Chtm.  Ind.,  40  (1921),  !.■)(. 
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each  investigator  is  wont  to  call  upon  such  a  set  of  two  or  three 
equations  as  may  seem  to  him  necessary  and  sufficient  to  depict 
the  reactions  and  explain  the  results  obtained. 

As  will  be  shown  below,  ten  sets  of  equations  are  theoretically 
possible.  This  number  will  be  reduced  to  three  by  making  a 
certain  assumption,  and  it  will  also  be  demonstrated  that  the 
analysis  of  the  resulting  gases,  in  the  cases  under  observation, 
not  only  supports  the  assumption  made  but  also  contains  a 
definite  clue  as  to  which  of  the  three  sets  of  equations  represents 
the  actual  procedure  of  the  reactions. 

Possible  Reactions  of  Steam  and  Carbon 

When  steam  reacts  on  carbon,  carbon  dioxide,  carbon  monox- 
ide, and  hydrogen  are  formed  (we  shall  ignore  here  the  formation 
of  small  amounts  of  methane  and  other  hydrocarbons),  and  all 
possible  interactions  between  the  steam  and  carbon  and  the 
resulting  three  gases  are  represented  by  four  reversible  equations : 


C  -I-  2H2O  =  CO2  -I-  2H2 
C  +  H2O  =  CO  -h  Ho 
CO2  -I-  H2  =  CO  -t-  H2O 
CO2  -I-  C  =  2CO 


(A) 
(B) 
(C) 
(D) 


It  may  happen  that  reactions  according  to  all  four  equations 
occur  simultaneously  (A,  B,  C,  and  D)  or  that  under  certain 
conditions  only  the  four  possible  combinations  of  three  will 
as.sert  themselves,  and  finally  we  can  think  of  the  possibility  of 
either  one  of  five  possible  pairs  of  equations  representing  the 
actual  procedure,  that  is,  A  and  B,  A  and  C,  A  and  D,  B  and  C, 
and  B  and  D. 

If  we  consider,  however,  that  there  arc  indications  that  carbon 
monoxide  is  not  formed  by  the  direct  oxidation  of  carbon*  but 
that  carbon  dioxide  is  formed  primarily  and  the  occtUTence  of 
carbon  monoxide  in  the  gases  is  to  be  ascribed  to  a  secondary 
reduction  of  CO2  to  CO  by  means  of  hydrogen  or  carbon,  the 
ten  combinations  enumerated  above  dwindle  to  three,  namely, 
A  and  C,  A  and  1),  or  A,  C,  and  D.  That  is  to  say,  the  chemistry 
of  the  water-gas  process  most  probably  consists  of  two  consccu- 
<  Ilubcr,  Lac.  ci!.,  238. 
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tive  steps:  first,  carbon  dioxide  and  hydrogen  are  formed  from 
steam  and  carbon,  and,  second,  the  dioxide  is  reduced  to  monox- 
ide either  by  hydrogen  or  by  carbon  or  by  both  hydrogen  and 
carbon  simultaneously. 

The  main  object  of  this  paper  is  to  answer  the  following 
questions: 

Do  the  differences  in  the  manner  of  working  of  Schemes  A  and  C,  A  and  D, 
and  A,  C,  and  D  make  themselves  felt  in  the  composition  of  the  resulting 
gases? 

If  so,  how  can  we  use  these  differences  to  determine  whether  a  gas  of 
given  composition  has  been  the  result  of  the  first,  second,  or  third  combi- 
nation? 

Relations  between  Volumes  of  Gases 

Before  going  into  this  matter,  the  relationship  between  the 
volimies  of  Hj,  CO,  and  CO2  will  be  shown  by  utilizing  one  of 
the  pairs  of  equations  which  have  been  dropped  as  practically 
improbable  but  which  remain,  of  course,  theoretically  correct 
and  useful.  The  pair  chiefly  used  in  textbooks  is  A  and  B.  It 
probably  does  not  represent  actual  working  conditions  for  several 
reasons,  but  its  merit  lies  in  its  clearness  and  in  the  fact  that  the 
two  reactions  proceed  parallel  and  not  in  series.  However  the 
water-gas  process  actually  proceeds,  it  is  theoretically  correct 
to  say  that  the  resulting  gases  could  have  been  formed  according 
to  these  two  reactions.  Certain  genjral  characteristics  of  the 
process  can  be  deduced  from  them  more  easily  than  from  any 
other.  One  of  these  characteristics  of  which  we  shall  make  re- 
peated use  in  the  following  calculations  lies  in  the  fact  that  the 
volume  of  hydrogen  is  always  equal  to  the  sum  of  the  volume  of 
carbon  monoxide  plus  double  the  volume  of  carbon  dioxide. 
If  we  call  X,  Y,  and  Z  the  respective  concentrations  by  voliune 
in  the  end  gases  of  CO2,  CO,  and  H2  we  can  say  that 


Y  -f  2X. 


(E) 


Equation  E  also  indicates  that,  for  a  given  value  of  any  one  of 
the  three  gases  after  removal  of  the  excess  of  steam,  only  one 
set  of  values  for  the  other  two  gases  is  possible.  For  instance, 
if  X  is  given  or  determined,  Y  and  Z  can  be  calculated  as  follows : 


Y  = 


100- 


-3X        ,  „       100  +  X 
;r and  Z  = -r 


(F) 


EQtrii,rBRrtrM  relations — Returning  now  to  the  problem  of 
determining  the  direction  which  the  reaction  has  taken  by  the 
analysis  of  the  resiilting  gases,  the  first  advance  in  attacking 
this  problem  has  been  made  by  recognizing  the  apparent  im- 
possibility of  utilizing  the  law  of  reaction  equUibriimi  for  this 
purpose.  The  equilibrium  of  the  resulting  gases  with  each 
other  and  with  the  carbon,  that  is,  the  equilibrium  represented 
by  the  two  following  equations,  is  in  the  first  instance  only 
exceptionally  obtainable;  in  the  second,  as  a  rule,  not  even 
approximately  reached. 

U  Y 


X  z 


=  K 


Y2 
^^    =Ki 

X,  Y,  and  Z  are  again  the  volume  concentrations  of  C02,  CO,  and 
H2,  and  U  is  the  volume  concentration  of  the  unconsumed  steam. 

The  explanation  of  the  failiue  of  these  equilibria  to  establish 
themselves  under  ordinary  working  conditions  lies  in  the  fact, 
proved  by  experiment,  that  even  if  the  observations  are  started 
with  definite  amounts  of,  say,  CO2  and  H2,  which  are  not  changed 
from  the  outside,  it  takes  a  longer  or  shorter  time,  depending  on 
conditions,  for  the  equilibrium  to  assert  itself.  If  then,  as  is 
the  case  in  the  water-gas  process,  one  of  the  gases  is  continually 
introduced  in  new  quantities,  we  can  hardly  be  surprised  that 
the  equilibrium  can  never  be  reached. 

Evidently  if  the  two  reactions  imder  observation  are  not 
working  in  parallel,  and  if  the  second  is  dependent  upon  the 
reaction  products  of  the  first,  we  must  look  for  other  means  to 


detect  the  law  of  interdependence.  Considering  the  fact  that 
the  first  step  produces  CO2  which  the  second  uses  for  the  pro- 
duction of  CO,  it  is  to  the  point  to  endeayor  to  find  the  relation- 
ship between  the  rate  of  production  of  CO2  by  the  first  step  and 
the  rate  of  destruction  of  CO2  by  the  second  step ;  or,  what  amounts 
to  the  same  thing,  between  the  rate  of  decomposition  of  water 
by  the  first  step  and  the  rate  of  decomposition  of  CO2  by  the 
second  step.  Further,  if  the  combination  A  and  C  works  differ- 
ently from  A  and  D,  these  differences  will  show  themselves  in 
the  end  gases  and  permit  answering  the  problem. 

EQUATIONS  A  AND  D — ^Let  US  Consider  first  pair  A  and  D,  as 
the  simpler  one,  taking  as  a  basis  one  volume  of  steam  before 
it  is  decomposed.  Assuming  that  under  given  conditions  of 
temperatvire,  etc.,  fraction  p  of  the  steaih  used  has  been  actually 
decomposed  by  interaction  with  carbon  according  to  A,  and  that 
fraction  q  of  the  formed  CO2  has  been  reduced  to  CO  according 
to  D,  the  volumes  of  the  fotu"  resulting  gases  will  be  proportionate 
to  the  following  values: 

Undecomposed  steam  =  l~p 
Hydrogen  =  p 

Carbon  monoxide  =  pq 

Carbon  dio.xide  =  ^  (1  — g) 

2" 

While  it  is  evident  enough  that  p  is  equal  to  .,    .       we  cannot 

Y 
call  g  equal  to  „  .  „,  because,  as  Equation  D  shows,  the  volume 

of  the  CO2  doubles  by  the  change  to  CO.  As  the  rate  of  re- 
action will  depend  on  the  volume  concentration  of  the  COi 
during  the  reaction  and  not  after  the  reaction,  we  must  make 

Y 
_      2  _         Y 

ff-y       °''~2x-+-y 
x-i-  2 

— Conditions  are  slightly  more  complicated 
This  combination  differs  in  two  respects 


EQUATIONS  A  AND  C 

with  pair  A  and  C. 
from  A  and  D: 


(1)  One  volume  of  CO2  produces  only  one  volume  of  CO  and   we  can 
Y 

x+y' 

(2)  Equation  C  reproduces  "one  volume  of  steam  for  each  volume  of  COj 
used  up. 


therefore    put  Q 


In  order  to  finish  our  observations  again  with  p  volimies  of 
water  decomposed  andl— ^  undecomposed,  we  must  start  our 
observations  with  a  large  volume  of  steam  initially  decom- 
posed by  Reaction  A,  which  we  shall  call  P.  P  can  be  determined 
by  the  following  equations: 


1 


P  +  ^'  =  l 

P  =_2£ 

2-g 


(G) 


If  then 
P  q 


2p 


=  P  water  is  decomposed  according  to  Equation  A, 


^-^  =  Pz    water  is  reproduced  according  to  Equation  C.    This 

is  the  same  as  if  only  p  water  had  been  decomposed  and  l—p 
had  been  left  undecomposed  and  the  four  gases  after  the  re- 
action are  again  represented  in  the  following  proportions: 

Undecomposed  steam    =  l—p 

Hydrogen  =  p 

Pi 
Carbon  monoxide  =  ^~ 

p  (1-g) 
Carbon  dioxide  =      .,_ 

If  the  second  step  depends  on  the  formation  of  CO2  by  the  first 
step  (and  on  the  other  hand,  the  rate  of  formation  of  the  CO3 
will  be  dependent  on  the  rate  at  which  it  is  removed  by  the 
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II 
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O.S.i 
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25  3 
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22.4 
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0^339 

III 
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11.2!) 

64.0) 

3.65 

1.01 

0.98 

28.62 

34.7 

21.1 

34.8 

0 .  536 

0^531 

IV 

838 

32.77 

7.96 

12.11 

47.15 

3.28 

0.94 

0.98 

32.18 

41.0 

24.7 

39.8 

0,659 
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V 
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36.48 

11.01 

13.33 

39.18 

6.3 

0.89 

1.07 

37.67 

48.2 

29.3 

45.2 

0.835 

0^930 

VI 

954 

44.43 

32.70 

5.66 

17.21 

6.3 

2.25 

1.41 

44.02 

70.2 

74.2 

85.2 

5.77 

2.58 

VII 

1010 

47.30 

48.20 

1.45 

3.02 

6.15 

2.12 

1.65 

51.01 

94.0 

94.0 

97  0 

33.2 

15  7 
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48.84 

46.31 

1.25 

3.68 

9.8. 

2.78 

1.88 

48.81 

93.0 

94.8 

97.4 

37  0 

13  3 

IX 

1125 

50.73 

48.34 

0.60 

0.303 

11.3 

0.48 

2.11 

49.54 

99.4 

99.9 

100 

80.5 

167.0 

second  step),  the  equilibrium  between  these  two  reactions  working 
in  series  will  be  established  if  q  equals  p.  For,  assuming  that 
at  the  very  beginning  of  the  reaction  g  does  not  equal  p,  the 
higher  rate  of  decomposition  of  one  of  the  two  gases  will  enhance 
the  rate  of  decomposition  of  the  other  gas  by  increasing  its 
volume  concentration  and  at  the  same  time  reduce  its  own  rate 
of  decomposition  by  decreasing  its  own  volume  concentration. 
Equilibrium  wiU  be  quickly  established,  and  the  rate  of  decom- 
position of  steam  will  become  equal  to  the  rate  of  decomposition 
of  CO2.  The  shortest  adequate  mathematical  expression  for 
this  fact  is 

q  =  p. 

In  this  case  we  have  the  desired  criterion  as  to  whether  the 
reaction  has  proceeded  after  A  and  C  or  A  and  D  in  the  follow- 
ing simple  relations: 


for  the  combination  AD 

for  the  combination  AC 
(H) 


Y 
X 

_    2^ 
l-p 

_  2g 
1-g 

Y 
X 

_     P 
l~p 

_      1 
1-2 

Y 
X 

-'% 

Y 

Z 

X 

u 

(I) 


U  stands  here  for  the  volume  percentage  of  undecomposed  steam 
in  the  resulting  gases. 

Application  to  Buntb-Harries  Observations 

The  application  of  these  deductions  has  been  tried  out  on 
the  series  of  nine  observations  made  by  Bunte-Harries.  To 
the  table  of  Harries,  which  after  the  recalculations  and  additions 
by  Luggin'  amounts  to  the  first  eight  columns  of  the  accompany- 
ing table,  we  add  a  Column  9  marked  Y  -|-  2X.  This  indicates 
the  degree  of  analytical  accuracy  of  the  gas  determinations. 
In  most  cases  the  values  given  under  Y  -|-  2X  check  very  well 
with  the  values  for  hydrogen.  Column  10  contains  the  quotient 
of  decomposition  of  the  steam  in  per  cent,  as  given  by  the  original 
Harries  table.  Columns  1 1  and  12  give  the  qc  and  qd,  respectively, 
meaning  the  quotient  of  decomposition  of  CO2  by  Equations  C 
and    D,   respectively. 

If  in  this  table  we  consider  the  fact  that  the  last  two  or  three 
observations  are  of  minor  accuracy  on  account  of  the  very  small 
value  for  CO2  and  steam,  and  the  fact  that  p  and  q  are  very 
near  100  per  cent,  we  are  surprised  to  find  that  p  is  always  very 
nearly  equal  to  qc  or  qd  and  never  shows  values  between  the  two 
decomposition  factors  of  CO2.  This  can  mean  only  that  in  the 
cases  observed  the  equilibrium  between  the  first  and  second 
reactions  has  always  been  very  nearly  established,  and  that  if 
for  any  reason  the  Reaction  C  was  favored  against  the  Reaction 
D,  the  equilibrium  by  this  reaction  was  .so  quickly  reached  that 
the  D  reaction  was  left  far  behind,  or  vice  versa. 

Y  Z 

Columns  13  and  14  show -rr  and  77  ,  respectively  (see  Equations 

H  and  1).     It  is  surprising  to  find  the  indications  in  Observations 
II,  III,  IV,  and  V  for  the  pair  AC,  and  in  I,  VI,  and  probably 
VII  for  the  pair  AD  (Observation  I  should  probably  not  be  given 
•  Haber,  Loc.  cil.,  121. 


too  much  weight  as  pointing  toward  AD,  because  of  the  low  CO 
figure).  Diff'erences  of  working  conditions  may  have  been 
responsible  (such  as  diflierent  quality  of  carbon  or  different  size 
of  the  charcoal  pieces),  or  it  also  may  be  that  there  is  always 
(even  under  strictly  comparable  working  conditions)  a  sudden 
turn  in  favor  of  AD  around  900°  C.  For  Reaction  C  is  endo- 
thermic  and  therefore  favored  by  increased  temperature,  but 
the  enhancing  influence  of  a  rise  in  temperatiu-e  diminishes, 
the  higher  the  temperature  climbs,  and  this  may  be  responsible 
for  the  sudden  turn  around  900°  C.  The  table  also  explains 
why  "K  observed"  does  not  check  with  "K  calculated."  From 
Equations  H  and  I,  we  can  calculate  that  "K  observed"  will 
equal  1  or  2,  depending  upon  the  course  of  the  reaction.  Except- 
ing in  Observations  II  and  VII,  where  a  comparison  of  Columns 
2  and  9  shows  that  the  analytical  errors  were  considerable,  the 
fact  that  Equations  H  and  I  are  not  more  perfectly  satisfied  can 

Y 
be  taken  as  an  indication,  where  the  values  for^rr  are  too  high, 

X 

of  a  direct  formation  of  some  CO,  without  the  intervention  of 
CO2,  in  accordance  with  the  proposed  existence  of  a  primary 
complex  CmO„.  As  can  be  seen,  however,  the  part  played  by 
this  complex  would  amount  to  only  a  small  fraction  of  the  total 
sum  of  reactions. 

Similar  calculations  as  outlined  for  AC  and  AD  lead  to  the 
following  equation  for  BC  and  BD: 


for  BC 


X       z 

X  ~    Z    ^°'^  -^^ 

This  is,  in  view  of  the  above  table,  a  direct  proof  that  the  Reaction 
B  did  not  occur.  As  to  AB,  this  pair  of  equations  shows  only  a 
different  way  of  writing  AD.  The  resulting  gases  would  only 
then  indicate  a  possibility  of  the  reactions  proceeding  according 
to  AB  if  no  such  relations  as  H  and  I  call  for  were  observed. 
Since  A  and  B  are  working  independently  of  each  other,  only 
the  more  general  interrelations  given  by  Equation  G  would  have 
to  be  satisfied. 

Application  to  Selective  Action  of  Catalysts 

It  is  interesting  to  note  what  light  these  observations  throw 
on  the  assumed  selective  influence  of  certain  catalysts.  As 
can  be  seen,  a  catalyst  which  increases  the  velocity  of  C  or  D 
will  most  probably  also  automatically  increase  A.  But  there 
may  be  some  catalyst  which  will  increase  C  without  being  effective 
on  D.  Such  an  instance  is  cited  by  Ridcal'  as  a  suggestion  of 
Haber,  but  the  figures  of  Gwosdyz  cited  later  are  not  in  keeping 
with  such  an  assumption.  Rideal  gives  only  the  CO2  percentages 
of  two  experiments  by  Gwosdyz'  and  says:  "A  coke  containing 
8.5  per  cent  ash  yielded  29  per  cent  C02,  while  pure  carbon 
(lampblack,  0.1  per  cent  ash)  yielded  only  8.6  per  cent  CO2  at 
560°  C."  If  this  means  percentages  in  the  dry  gases,  we  can 
figure  out  with  the  aid  of  Equation  F  that  in  the  case  of  coke 
the  gas  analyzed  29  per  cent  CO2,  6.5  per  cent  CO,  and  64.5  per 
cent  Hj,  and  in  the  case  of  lampblack  8.6  per  cent  CO;,  .37.1  per 

•  J.  Soc.  Chem.  Ind..  40  (1921),  141. 
'  Z.  angcw.  Chem.,  1918,  137. 
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cent  CO,  and  54.3  per  cent  Hj;  from  this,  one  would  conclude 
that  the  greatly  enlarged  surface  of  the  lampblack  greatly  ex- 
pedited Reaction  D,  as  otherwise  the  high  percentage  of  CO 
would  be  unexplainable  at  this  temperature.  On  the  other  hand, 
the  composition  of  the  gas  in  the  other  instance  is  about  what 
would  normally  be  expected  at  560°  C,  and  explanation  on  a 
basis  of  the  ash  content  of  the  coke  seems  superfluous. 

If  the  amount  of  undecomposed  water  had  been  given,  we 
could  draw  more  definite  conclusions  about  just  what  happened 
in  those  two  cases,  although  a  high  carbon  monoxide  content 
at  low  temperature  is  always  pointing  toward  combination  AD. 


Summary 

1 — The  ten  possible  and  three  probable  combinations  of  re- 
actions which  can  be  called  upon  to  explain  the  water-gas  process 
are  discussed. 

2 — Demonstration  is  made  of  a  possibility  of  drawing  conclu- 
sions from  the  composition  of  the  resulting  gases  to  the  actual 
procedure  of  the  reactions. 

3— The  applicability  of  the  principles  outlined  is  tested  on  a 
series  of  nine  observations  published  by  Bunte  and  Harries. 

4— The  application  of  these  considerations  to  catalytic  ob- 
servations is  discussed. 


The  Latent  Heat  of  Vaporization  of  Coal-Tar  Oils' 

By  John  Morris  Weiss 

The  Barrett  Co.,  40  Rector  St.,  New  York,  N.  Y. 


Some  time  ago  W.  J.  Huff-  published  the  results  of  work 
carried  on  in  our  laboratories  on  the  vapor  densities  of  coal- 
tar  fractions.  It  has  since  proved  desirable  to  have  some  knowl- 
edge of  the  latent  heats  of  vaporization  of  these  fractions,  and 
we  have  found  that  the  latent  heats  can  be  calculated  from  the 
vapor  densities  with  a  fair  degree  of  accuracy. 

According  to  the  principles  of  physical  chemistry,  the  quotient 
obtained  by  dividing  the  molecular  heat  of  vaporization  by 
the  boiling  point  (expressed  as  absolute  temperature)  is  an 
approximate  constant  for  normal  substances.  This  is  known  as 
"Trouton's  Rule."  This  relation  was  later  critically  examined 
by  Nernst  and  the  formula  changed  so  as  to  make  it  of  more 
rigid  application. 

Let      T  =  absolute  boiling  point  and 

M  =  the  molecular  heat  of  vaporization 

Then  Nernst's  revised  rule  of  Trouton  is 

M 

^  =  9.5  log  T  -  0.007  T. 

In  this  expression  M  is  defined  as  the  "amount  of  heat  in  gram 
calories  required  to  vaporize  1  g.  molecule  of  the  substance." 
From  this  formula,  given  the  molecular  weight  of  a  material 
and  its  boiling  point,  we  can  readily  calculate  its  heat  of  vapori- 
zation by  dividing  M  by  the  molecular  weight. 

Certain  substances  do  not  conform  entirely  to  this  law.  This 
apparently  includes  materials  which  are  considerably  polymerized 
in  the  liquid  state  but  which  possess  normal  densities  in  the 
gas  state.  With  coal-tar  compounds,  however,  there  is  no 
evidence  of  any  such  association  in  the  liquid  state  and  it  seems 
safe  to  conclude  that  the  latent  heat  of  these  materials  can  be 
obtained  accurately  by  calculation.  It  is  somewhat  interesting 
to  note  here  a  comparison  between  actually  determined  latent 
heats  and  calcvdated  latent  heats  according  to  the  revised  rule 
of  Trouton.  The  basic  data  are  taken  from  Landolt-Bornstein, 
Section  185. 

Boiling  Latent  Heat  of  Vaporiza- 

Point  ' — tion  Calories  per  Gram — . 

°  C.  Determined      Calculated 

Pyridine  CcHfN 115  101-104            107.5 

Toluene  Cr.HsCHj 110.8  83-87                 91.4 

in-Xylene  CsHiCCHj): 139.9  78-82                85.5 

/■-Xylene  C«H4(CH3)2 138.5  80-82.5           85.3 

Benzene  CsHe 80  93-95                 98.2 

Turpentine  CioHiB 159  68-74                69.9 

m-Cre.';o!  CHjCsHiOH 201  100.4                  97  . 1 

Cyclo-hexane  CHi! ,S0  85^.^7                 91.2 

Octyl  alcohol  (normal)  CsHiiOH.      196  79-5                  79.7 

This  shows  clearly  the  difference  which  might  be  expected 
between  the  calculated  latent  heat  and  that  obtained  by  actual 
experiment,  and  it  is  evident  that  the  error  in  the  majority  of 
cases  would  not  be  more  than  5  per  cent.  It  is  in  fact  probable 
that  the  calculated  latent  heats  are  more  nearly  correct  than  those 

'  Received  October  1,  1921. 

'  This  Journal,  10  (1918),  1016. 


obtained  experimentally  because  of  the  technical  difficulties  of 
latent  heat  calorimetry. 

We  have  similarly  calculated  the  latent  heats  of  oil  fractions, 
using  as  our  basis  the  vapor  densities  determined  by  Huff,  and 
in  the  higher  fractions  have  natm-ally  transposed  the  boiling 
points  under  the  reduced  pressures  to  correspond  approximately 
to  the  lighter  fractions  which  were  taken  under  normal  pressures. 
In  addition,  we  have  extrapolated  the  last  fraction  so  as  to  obtain 
some  idea  of  the  latent  heat  of  vaporization  of  materials  above 
440°  C.  boiling  point. 

Vapor  Density 

Grams  per  Cc.  at 

Temperature     Normal  Tem-  Heat  of 

Range          peratures  and  Molecular  Vaporization, 

Fraction               °  C.                 Pressures  Weight  Cal.  per  G. 

I                     199-249              0.00,W8  129.5  84.8 

II         249-296      0,00667  149.5  81.0 

III  296-345              0.00691  1.54.8  85.1 

IV  345-392             0.00867  194.2  73.3 
V                       392-438               0.01047  234.5  65.1 


Assumed 


438-488 


0.011-12 


257.5 


63.1 


It  is  to  be  regretted  that  the  writer  has  been  unable  to  find 
authentic  data  on  the  latent  heats  of  materials  such  as  naph- 
thalene and  anthracene  to  check  the  oil  fractions  further  with 
experimental  data  of  substances  which  have  similar  boiling 
points.  It  is  believed,  however,  that  the  results  are  accurate 
enough  for  all  practical  purposes  and  that  they  may  be  usefiJ 
as  an  addition  to  the  known  constants  of  these  rather  complicated 
mixtures,  the  coal-tar  distillates. 


Science    in    Verse 

Dr.  C.  E.  Ruby  has  in  preparation  an  anthology  of  scientific 
doggerel,  which  will  probably  be  entitled  "Jingles  in  Science." 
In  order  to  make  this  collection  of  scientific  nonsense  in  verse 
as  complete  as  possible,  and  as  entertaining  as  possible,  readers 
are  invited  to  send  any  verses  or  limericks  dealing  with  the 
sciences  to  Dr.  Ruby,  7  St.  Paul  St.,  Cambridge,  Mass. 


Seventy-one  companies  with  an  authorized  capital  of  $50,000 
or  greater  were  organized  during  the  month  of  November  1921 
to  engage  in  some  branch  of  the  petroleum  industry,  involving 
a  total  indicated  investment  of  $60,129,000.  This  is  an  in- 
crease in  number  of  companies  but  a  decrease  in  total  capitaliza- 
tion, as  compared  with  October  1921,  which  showed  55  companies 
with  a  capitalization  of  $83,450,000.  In  November  1920,  the 
total  capitalization  was  $266,190,000.  The  average  monthly 
indicated  investment  and  average  capitalization  for  each  com- 
pany formed  are  given  in  the  following  table; 

Monthly  Company 

Five  months,    1914 $     7,647,400  $     497,000 

Year.  1915 6,711,100  410,900 

Year,1916    34  978,800  1,748.000 

Year   1917  70,018,283  1,641.053 

Year' 1918 35,873,300  524,900 

Year   1919 315,  .500,  500  2, 324,  128 

Year   1920  232,234,500  1.627.812 

Eleven  months,  1921 108,185,700  1,355,400 
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Chemically  Speaking,  How's  Europe  ? 

By  Watson  Davis 
HIS  Rhode  Isi^and  Ave.,  Washington,  D.  C. 


We  Americans  have  been  hearing  much  about  conditions  in 
Europe  since  the  war.  Our  friends  have  gone  over,  and  they 
have  brought  us  back  stories  of  their  impressions  of  places, 
things  and  people  here  and  there.  We  are  interested  in  knowing 
how  science  is  recuperating  after  the  years  of  its  serfdom  to 
war;  whether  it  is  taking  hold  again  and  whether  it  will  succeed 
in  making  Europe  again  worth  living  in. 

This  account  is  a  composite  picture  drawn  by  three  or  four 
scientists  who  are  lucky  enough  to  have  been  over  in  Europe 
this  past  summer  on  roving  commissions.  It  is  written  much 
as  they  told  it  to  me  and  as  they  would  tell  it  to  you  if  you  per- 
suaded them  to  go  over  what  is  now  to  them  an  old  story.  The 
chemistry  of  this  account  often  will  not  stand  out  pure  and 
unapplied.  It  will  blend  into  science  in  general,  and  in  many 
cases  even  science  will  fade  into  the  vivid  background  of  hungry 
faces,  depreciated  currency,  and  war  wreckage  that  is  as  yet 
only  slightly  cleared  away. 

Conditions  in  Germany 

Scientific  Germany  is  somewhat  like  a  broken  man,  who  has 
been  sick  and  is  now  living  on  his  stored  vitality  of  past  years. 
It  must  not  be  said  that  the  patient  will  not  recover,  but  just 
now  scientifically  he  is  largely  relying  on  the  achievements  of 
better  days  before  and  during  the  war.  There  is  a  tendency 
to  capitalize  the  things  that  were  developed  then. 

The  dearth  of  equipment,  books,  supplies  and  all  the  things 
that  make  up  a  workshop  for  scientists  is  a  real  one,  not  only 
chemically  but  in  all  scientific  lines.  The  talk  of  poor  condi- 
tions that  we  have  been  hearing  is  more  than  mere  bluff. 

Many  of  the  largest  universities  and  research  laboratories, 
whose  names  were  awe-inspiring  in  chemical  circles  before  the 
war,  have  had  practically  no  American  scientific  literature 
since  the  beginning  of  the  war  in  1914.  And  it  is  a  financial 
impossibility  for  them  to  obtain  foreign  publications  without 
outside  help.  The  mark  has  lost  so  much  caste  among  the 
moneys  of  the  world  that  when  it  gets  outside  of  its  own  country's 
borders  it  can  hardly  demand  anything.  Not  to  know  what 
the  chemists  of  other  nations  have  been  doing  for  seven  years 
is  a  serious  handicap  to  the  work  of  German  scientists.  It  is 
declared  that  in  all  Germany  there  is  but  one  set  of  The  Physical 
Review,  the  journal  of  the  American  Physical  Society,  complete 
to  date.  The  lack  of  chemical  literature  is  believed  to  be  just 
as  great. 

Universities  are  having  a  hard  time  of  it  financially.  Uni- 
versity salaries  and  grants  are  notoriously  hard  to  increase  in 
this  country,  and  the  conditions  are  similar  in  Germany.  One 
of  the  institutes  of  the  University  of  Bonn  on  the  Rhine  has 
had  a  superficially  generous  increase  in  yearly  funds  from  the 
pre-war  sum  of  17,000  marks  to  170,000  marks,  but  this  becomes 
small  indeed  when  it  is  learned  that  it  costs  50,000  marks  to 
heat  the  buildings  of  the  institute. 

What  the  German  universities  lack  in  funds  and  equipment 
they  have  a  tendency  to  make  up  for  in  students.  The  research 
laboratories  at  Leipsig  are  declared  to  be  very  crowded. 

Salaries  of  professors  are  meager  now  in  German  universities. 
Before  the  war  many  of  the  university  men  had  independent 
incomes  of  their  own  that  supplemented  their  salaries.  For 
the  most  part  these  auxiliary  incomes  have  disappeared.  Now 
nearly  every  professor  has  to  himt  around  for  something  to  do 
on  the  side.  They  have  been  forced  to  adapt  themselves  to  do 
more  remunerative  things  in  part  of  their  time  so  that  they 
may  continue  to  teach. 

This  situation  promises  to  bring  about  a  more  intimate  inter- 
lacing between  the  universities  and  the  industries.     Those  who 


would  normally  be  doing  research  in  pure  chemistry  are  being 
forced  into  commercial  research  for  the  industries  because  of 
the  money  there  is  in  it  for  them. 

The  glass  works  at  Jena  seem  to  be  producing,  but  it  is  diffi- 
cult to  tell  what  was  made  during  the  war  and  what  is  new 
production.     Quite  obviously  some  was  made  for  war  use  only. 

A  journey  to  a  little  inn  on  the  top  of  the  neighboring  hills 
revealed  a  fine  15-cm.  telescope  with  multiple  high  power  eye- 
pieces mounted  as  though  on  a  man-of-war.  Such  a  fine  instru- 
ment seemed  out  of  place  there.  Its  only  use  was  to  provide 
magnified  peeps  at  the  surrounding  country;  its  only  reward 
was  the  few  coins  that  went  into  the  penny-in-the-slot  device 
that  was  attached  to  it. 

Food,  which  is  interesting  to  the  chemist  both  chemically 
and  physically,  is  plentiful  in  Germany,  although  somewhat 
restricted  as  to  certain  kinds.  Milk  is  the  only  food  that 
people  stand  in  line  for  now,  and  dairy  products  as  a  class  are 
difficult  to  obtain  and  high  in  price.  If  you  want  white  bread 
and  butter  you  have  to  pay  as  much  for  them  as  you  do  for  the 
rest  of  your  breakfast.  Vegetables  are  served  liberally,  and 
meat  is  being  used  in  much  the  same  old  German  way,  largely 
as  sausage  and  similar  products. 

Another  sign  of  the  times  in  Berlin  is  that  the  pushcart  book 
sellers  are  offering  new  and  modern  books  instead  of  old  and 
second-hand  books  as  they  did  before  the  war. 

German  firms  are  understood  to  be  planning  foreign  exploi- 
tation of  some  of  the  new  metals  developed  shortly  before  or 
during  the  war.  One  of  these  is  the  aluminium  alloy  that  was 
intended  for  use  as  material  for  dirigible  frames.  It  will  be 
pushed  as  a  material  for  engines,  automobiles,  and  similar 
machinery. 

Austria 

The  small  area  that  still  remains  under  the  name  of  Austria 
appears  strangely  self-contained.  There  is  seemingly  a  supply 
of  raw  material,  and  though  wages  are  low  there  is,  or  at  least 
was  last  summer,  work  for  all,  and  an  unemployment  problem 
was  not  acute. 

In  Vienna  the  foreigner  can  get  practically  anything  he  wants 
in  the  way  of  food  and  other  necessities.  Although  the  hotels 
are  hardly  up  to  the  standard  that  was  set  by  them  during  the 
tourist  trade  of  pre-war  days,  they  are  remarkably  good.  la 
the  shops  of  Vienna  can  be  seen  many  articles  from  Czecho- 
slovakia, and  trade  and  other  relations  with  the  Czechs  are 
rapidly  coming  back  to  normal,  as  far  as  the  exchange  permits. 
Knickknacks  from  Germany,  reminiscent  of  pre-war  days,  are 
displayed.  These  small  importations  are  indicative  of  future 
commercial  relations.  From  a  business  standpoint  there  is 
good  feeling  among  Germans,  Austrians,  and  Czechoslovaks, 
who  just  after  the  war  were  on  very  different  terms. 

Educational  Vienna  is  worse  off  than  the  universities  of 
Germany.  The  University  of  Vienna  has  only  money  enough 
to  heat  its  buildings  one  month  out  of  the  year,  and  as  a  conse- 
quence docs  not  heat  them  at  all.  Practically  the  same  appro- 
priation for  its  work  is  received  as  before  the  war,  and  this  is 
now  ridiculously  small  in  purchasing  power.  One  of  the  insti- 
tutes receives  5000  crowns  a  year,  which  at  a  certain  time  last 
.summer  amounted  to  $2.15  in  real  American  money — it  is 
probably  worth  less  now.  It  would  take  nearly  four  years' 
appropriations  for  that  institute  to  subscribe  to  This  Journai, 
for  only  a  year.  And  this  was  all  the  money  that  was  avail- 
able for  salaries,  heating  and  equipment,  as  well  as  publications. 
Obviously  subscription  to  foreign  scientific  periodicals  is  out 
of  the  question,     lender  these  conditions  university  work  there 
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is  limited  to  lectures,  given  in  cold  rooms.     There  is  little  or  no 
research  work. 

The  effect  of  low  foreign  exchange  in  Em-ope  is  brought  home 
by  the  following  incident.  A  Polish  chemist  published  a  paper 
in  the  Journal  of  the  American  Chemical  Society.  He  was  asked 
if  he  wanted  the  fifty  free  separates  that  each  author  is  entitled 
to.  He  did.  And  innocently  he  asked  for  them  with  covers. 
In  due  and  routine  time  he  was  sent  a  biU  for  $1.77,  the  cost  of 
the  covers.  He  wrote  back  from  Poland:  "This  is  a  just  biU 
but  just  now  it  would  take  a  quarter  of  my  month's  salary  to 
pay  it.  Can  payment  be  deferred  a  few  years  until  conditions 
of  exchange  are  better?"     He  was  told  to  forget  it. 

Science  in  Russia 

Russia  has  been  a  land  in  the  shadow  since  the  Soviet  govern- 
ment has  been  in  control.  We  have  heard  little  about  how 
science  has  fared  in  Russia,  and  that  little  has  been  pessimistic. 

Now  that  our  relief  organizations  are  penetrating  into  Russia 
to  ameliorate  famine  conditions  and  the  Soviet  government  is 
sending  scientists  to  the  other  countries  of  Europe  and  to  America, 
we  are  beginning  to  get  a  little  information  on  scientific  Russia. 

According  to  a  botanist  who  had  been  sent  into  Germany  to 
buy  scientific  books  for  the  Russian  government,  the  chemists 
at  Moscow  are  still  in  their  laboratories  and,  relatively  speaking, 
they  have  been  making  out  very  well.  It  appears  that  the 
Soviets  have  established  a  policy  of  gi\Tng  the  productive  aca- 
demic men,  those  whose  researches  can  be  seen  to  influence  in- 
dustry directly,  the  same  food  and  treatment  as  the  children. 
And  the  children  have  been  the  first  concern  in  Russia,  both 
where  the  relief  missions  have  and  have  not  reached. 

But  even  with  the  most  liberal  treatment  in  Russia,  even 
though  university  salaries  are  paid  by  the  government  in  part 
in  priceless  food  rations  of  the  highest  grade,  the  professors 
have  to  look  around  for  odd  jobs.  This  is  a  quotation  from  a 
statement  made  by  one  of  our  leading  biologists,  who  has  just 
returned  from  Russia  as  a  special  representative  of  the  American 
Relief  Administration : 

The  salaries  and  food  rations  of  the  professors  in  the  Univer- 
sity of  Kazan  had  been  so  meager  that  not  a  man  was  able  to 
live  on  them,  and  every  professor  was  meeting  his  family's 
needs  for  food  by  doing  something  besides  regular  university 
work.  The  means  for  keeping  himself  and  family  alive  were 
various,  but  in  almost  all  cases  they  included  the  successive 
sacrificing  of  personal  and  household  belongings.  One  professor 
of  biology  told  me  that  he  made  shoes,  and  that  his  wife  baked 
cakes  and  sold  them  in  the  city  market.  He  had  sold  all  of  his 
own  and  his  wife's  simple  jewels  and  trinkets  and  one  of  his 
two  microscopes.  Yet  this  man,  who  had  not  been  able  to  see 
any  books  or  papers  published  later  than  1914,  has  struggled 
along  with  his  special  researches  and  has  actually  achieved  two 
pieces  of  experimental  work  on  vitamines  which  seem  to  me, 
with  my  little  knowledge  of  the  subject,  to  contribute  certain 
definite  new  knowledge  concerning  these  interesting  substances. 

But  beginning  in  August,  there  had  been  a  material  increase 
in  salary  and  in  food  ration.  The  monthly  food  ration  had 
been  put,  in  August,  on  the  following  basis:  dark  (mostly  rye) 
flour,  30  lbs.;  dried  peas,  5  lbs.;  cereal  grits,  13  lbs.;  sweets, 
(not  cane  or  beet  sugar),  2K  lbs.;  tobacco,  '/t  lb.;  butter, 
6  lbs.;  meat,  15  lbs.;  fish,  5  lbs.;  tea,  '/i  lb.;  white  flour,  5  lbs. 
The  items  from  dark  flour  to  tobacco,  inclusive,  had  been  re- 
ceived, the  rest  of  them  promised  but  not  received.  About 
250  professors  and  instructors  receive  this  ration.  The  univer- 
sity buildings  are  so  cold  that  most  of  the  men  do  all  their  work 
except  lecturing  in  their  homes.  About  5000  students  had 
registered  but  only  about  10  per  cent  of  them  were  in  actual 
attendance.  The  largest  departments  in  point  of  student  en- 
rolment were  medicine  aniS  science.  My  friend,  the  professor 
of  biology,  had  never  before  ridden  in  an  automobile  until  he 
rode  with  me  in  our  relief  car.  About  20  men  of  the  Kazan 
faculty  have  died  in  the  last  two  years. 

An  impression  obtained  in  Europe  is  that  the  Soviet  govern- 
ment has  been  fairly  successful  in  carrying  out  its  program 
in  the  territory  that  it  directly  controls,  that  is,  within  about 


300  miles  of  Moscow.  However,  as  far  away  from  the  seat  of 
government  as  Petrograd,  for  instance,  where  control  by  the 
central  government  is  difficult,  preferential  treatment  of  scien- 
tific and  academic  men  has  been  much  more  irregular. 

Scientific  eyes  in  central  Europe  are  looking  longingly  toward 
America.  The  chemists  and  other  scientists  of  these  states  are 
keen  to  come  to  America,  where  living  conditions  are  ideal  in 
comparison  with  the  situation  in  their  native  lands.  Many 
leading  American  scientists  have  been  flooded  with  correspon- 
dence from  those  countries  and  the  ultimate  object,  in  most 
cases,  is  a  place  in  America.  This  desire  for  migration  from 
Europe  to  America  began  with  the  Russian  revolution  and  the 
exodus  of  many  scientists  from  Russia. 

How  an  influx  of  European  scientists  would  affect  the  con- 
ditions of  American  scientists  is  problematical.  In  these  times 
of  industrial  depression,  when  many  chemists  are  out  of  work, 
it  is  to  be  expected  that  American  chemists  will  be  sensitive 
about  the  possibility  of  greater  competition  for  jobs.  However, 
the  scientists  who  wish  to  come  to  America  because  European 
times  are  hard  will  be  apt  to  stay  here  and  in  many  cases  would 
be  valuable  additions  to  science  circles  in  America. 
Belgium,  Switzerland,  and  Holland 

Belgium  is  the  country  that  seems  to  be  more  nearly  back 
to  normal  than  any  other  part  of  Europe.  There  factories  are 
working  nearly  in  a  pre-war  fashion  and  university  laboratories 
are  again  assuming  a  peace-time  aspect.  Belgium,  first  at- 
tacked in  the  war,  has  received  the  first  part  of  Germany's 
reparations  and  this  has  helped  to  make  her  the  most  normal 
country  of  Europe. 

Switzerland  and  Holland,  the  two  neutral  border  states, 
both  face  outside  competition.  They  have  raised  high  and 
stringent  tariff  barriers  to  prevent  a  flood  of  goods  from  Ger- 
many and  Austria  and  the  other  low-wage-plane  countries  from 
engulfing  their  own  manufacturing  establishments.  There  is  a 
feeling,  undoubtedly  based  on  fact,  that  considerable  smuggling 
is  under  way  and  that  goods  from  the  outside  are  appearing  for 
sale  in  those  countries  relabeled  under  native  disguise. 

The  educational  situation  in  Holland  is  quite  similar  to  that 
of  the  rest  of  Europe.  At  Leiden  the  number  of  students  is 
getting  back  to  normal. 

The  Condition  of  France  and  England 
France  and  England  are  gradually  getting  back  into  their 
old  scientific  stride. 

Paris  has  been  the  center  for  international  gatherings  since 
the  war  and  has  had  the  benefit  of  contacts  with  visiting  scien- 
tists of  all  nations.  Industrially  the  condition  of  France  is 
nearly  as  far  along  as  that  of  her  smaller  sister,  Belgium.  Food 
in  France  is  practically  up  to  normal  in  quality,  although  the 
bread  is  still  not  quite  what  it  was  before  the  war. 

The  University  of  Paris  is  suffering  from  a  scarcity  of  students 
due  to  the  high  living  costs.  The  French  of  the  better  class 
who  send  their  sons  to  college  now  find  that  they  can  hardly 
afford  it. 

In  England  the  university  conditions  are  quite  similar  to 
those  here  in  America.  The  colleges  are  a  little  over-fidl.  In- 
dustrial depression  has  forced  the  young  men  whose  education 
was  interrupted  by  the  war  back  into  college.  Industry  now  has 
no  strong  call  for  them  and  those  who  can  are  entering  the 
colleges  to  finish  their  education. 

The  meeting  of  the  British  Association  for  the  Advancement 
of  Science  held  in  Edinburgh  this  summer  had  much  the  tone 
and  spirit  of  the  meetings  before  the  war. 

From  a  food  standpoint  also,  England  is  getting  back  to 
normal.  They  still  have  one  crude  chemical,  brown  sugar,  on 
their  tables,  usually  along  with  refined  lump  sugar,  and  this 
seems  odd  to  Americans  who  find  it  nearly  as  hard  to  buy  brown 
sugar  for  candy  making  as  they  did  before  the  war. 
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Views  of  French  Chemical  Warfare 
Advisers 

Reparations! 

That  is  tlie  answer  of  Professor  Charles  Moureu,  president 
of  the  International  Union  of  Pure  and  Applied  Chemistry,  and 
one  of  the  leading  chemists  of  France,  to  the  question,  "What 
is  the  most  important  factor  in  France's  chemical  situation?" 

"Ten  districts  devastated.  If  the  Germans  cannot  pay, 
well,  what  can  we  do?"  Uppermost  in  the  minds  of  French- 
men   is   this    question    of    the    German    indemnity.     Germany 

must  pay.  Germany 
by  her  reparations 
must  reestablish  a 
large  part  of  France, 
not  alone  chemically, 
but  industrially.  This 
is  without  a  doubt  one 
of  the  all-enveloping 
thoughts  in  the  minds 
of  the  French  dele- 
gates now  in  Washing- 
ton at  the  Limitation 
of  Armaments  Con- 
ference. Professor 
Moureu  is  attached  to 
the  French  delegation 
as  official  adviser  on 
chemical  warfare. 
Professor  Moureu  is 

.    ,    ^    .  enthusiastic   over   the 

Hams  &*  Ewtng 

Professor  Chari.es  MOUREU  f"*"''^     °f    ^^     Inter- 

Professor  Moureu  is  professor  of  organic         national  Union  of  Pure 

chemistry  at  the  College  de  France  and  he  and    Applied    Chemis- 

has  been  a  leading   figure  in   chemical  re-  try. 

search  of  that  country.     Some  of  his  latest  j^^^^  ^^^^  ^^ 

work  has  been  on  the  ongin  of  helium.  .  .       ,    ,  - 

meeting     is    held     at 

Lyons,  France,  in  June,  he  believes  that  twenty-five  nations 
will  be  represented  at  this  '  gathering  of  the  chemists  of  all 
nations.  At  the  Brussels  meeting  held  this  summer  twenty-one 
nations  sent  representatives. 

"Will  Germany  be 
included?" 

Emphatically  no. 
Germany,  the  country 
that  will  not  pay  the 
indemnity,  Germany, 
the  country  that  dev- 
astated France,  that 
Germany  cannot  be 
allowed  to  join  the 
international  organi- 
zation of  chemists. 
This  Professor  Moureu 
strongly  believes;  this 
seems  to  be  the  opinion 
of  most  of  France, 
scientific  and  nonscien- 
tific.  They  are  not 
ready  now  to  frater- 
nize with  recent  ene- 
mies; they  are  not 
even  ready  to  meet 
them  scientifically. 

Professor  Moureu 
tells  how  ten  commit- 
tees of  the  Internation- 
al Union  are  at  work. 


Harris  b'  Ewin^ 
Propbssor  Andr6  Maver 
Professor  Mayer  is  now  professor  at 
the  University  de  StrassbourR  in  repa- 
triated Alsace.  He  established  the  tuber- 
culosis laboratory  at  the  Putcaux  near 
Paris  which  during  the  war  became  the 
laboratory  of  the  American  ^Chemical 
Warfare  .Service. 


"Two  are  headed  by  your  countrymen,"  he  said.  "Prof. 
F.  W.  Clarke,  of  your  Geological  Survey,  is  honorary  chairman 
of  the  committee  on  chemical  elements,  which  has  sub-com- 
mittees on  radioactivity,  isotopes,  and  atomic  weights.  Your 
great  Professor  Richards  of  Harvard  is  the  chairman  of  the 
committee  on  nomenclature." 

But  while  industrial  France,  including  the  chemical  indus- 
tries, is  slowed  up  by  German  slowness  of  paying,  scientific 
F^rance  is  organized. 

France's  seven  chemical  societies  are  affiliated  and  combined 
into  a  federation  of  chemical  societies.  Similarly  all  the  bio- 
logical societies  of  France  are  brought  together,  and  also  all  the 
physical  societies  are  federated.  Those  organizations  dealing 
with  the  law,  philosophy  and  history  also  come  within  the 
category  of  science,  and  are  all  brought  together  in  one  federa- 
tion. These  four  federations  have  been  fused,  and  there  has 
emerged  the  Confederation  de  Societes  Scientifiques,  corre- 
sponding in  a  way  to  our  American  Association  for  the  Advance- 
ment of  Science. 

Then  also  there  is  the  National  Committee  of  Research,  with 
four  councils  of  chemistry,  physics,  biology,  and  mathematics. 
This  organization  is  official  and  is  supported  by  the  govern- 
ment. It  is  similar  to  our  National  Research  Council  and  is 
affiliated  with  the  International  Research  Council. 

The  future  of  chemical  warfare  is  interesting  to  chemists  of 
America,  France,  and  the  rest  of  the  world.  Perhaps  the 
Limitation  of  Armaments  Conference  will  have  something  to 
say  about  it.  Professors  Moureu  and  Mayer  are  here  to  advise 
M.  Viviani  and  France's  other  representatives  on  the  chemical 
warfare  tliat  was  inaugurated  in  their  country  by  the  Germans. 
But  no,  they  are  here  officially.  They  cannot  talk  about  chemi- 
cal warfare.     I  must  hardly  mention  it.     So  I  have  not. 


A  Lesson  from  History — Lest  We 
Forget 

By  Charles  E.  Munroe 
Nationai,  Research  Councii,,  Washington,  D.  C. 

The  admirable  address  by  Dr.  Haller  on  the  "French  Chemical 
Industry  during  the  War"'  and  "La  chimie  et  la  guerre"  by 
Dr.  Charles  Moureu  in  Masson  et  Cie's  series  of  "Les  lefons  de 
la  guerre"  present  most  vivid  pictures  of  the  almost  superhuman 
efforts  by  which  the  enormous  and  varied  demands  for  war 
supplies  were  met;  the  many  ingenious  devices  by  which  the 
splendid  organizations  created  increased  the  speed  of  produc- 
tion and  effected  economies  in  operation;  and  the  resourceful- 
ness shown  in  adapting  such  material  as  could  in  any  way  be 
obtained  to  the  many  and  various  needs.  They  record  the 
wonderful  achievements  of  a  most  brilliant  epoch  in  the  appli- 
cation of  chemistry  to  supplying  the  bitter  needs  of  a  nation: 
in  great  distress.  But  it  is  repeatedly  emphasized  throughout 
these  histories  that  in  1914  France  was,  as  regards  the  supply- 
ing of  its  needs  for  chemical  products,  a  very  dependent  nation. 

Yet  recalling  that  the  use  of  picric  acid  as  a  fragmentation 
charge  for  high  e.xplosive  shell  was  developed  to  complete  opcra- 
tiveness  by  Turpin  in  France  soon  after  1885,  and  that  the 
many  other  nations  which  adopted  this  material  as  charges  for 
H.  E.  shell,  under  the  names  of  Lyddite,  shimose  and  other 
pseudonyms,  patterned  their  practice  on  his,  it  is  astonishing 
to  learn  that  in  1914,  notwithstanding  that  there  were  then 
in  France  a  large  number  of  accomplished  and  most  competent 
chemists  and  chemical  engineers,  the  supplies  of  phenol  for  the 
manufacture  of  the  picric  acid  which  had  been  adopted  by  tlie 
F'rench  government  for  its  H.  K.  shell,  "came  from  foreign 
countries  and  particularly  from  Germany." 

This  is  the  more  remarkable  when  it  is  rccalleil  that  France 
had  previously  passed  through  severe  trials  and  been  succored 
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by  its  chemists,  as  at  the  time  of  the  French  Revolution  when 
it  was  sorely  beset  by  enemies  without  and  within.  So  strenu- 
ous were  conditions  that  the  Annates  de  Chimie  was  forced  to 
suspend  publication,  but  when  in  1797  the  tide  of  struggle  turned 
and  victory  was  wrested  from  the  enemy  by  the  armies  of  France, 
publication  was  resumed  with  Volume  19,  which  carries  the 
following  preface:^ 

The  Annates  de  chimie  has  been  suspended  during  three  years 
following  the  publication  of  volume  eighteen.  The  necessity 
for  each  devoting  oneself  solely  to  the  defense  of  the  Republic; 
the  events  of  the  revolution;  and  finally  the  public  occupations 
and  functions  of  its  authors  have  naturally  compelled  this  sus- 
pension. But  the  time  has  not  been  entirely  lost  to  science; 
chemistry,  above  all,  has  been  cultivated  with  an  activity  and 
success  to  which  all  testify;  she  has  developed  for  the  defense 
of  the  country  truly  unexpected  resources  and  expedients.  Her 
ability  to  relieve  immediately  the  most  urgent  needs  has  rendered 
her  most  precious  and  commendable  in  the  eyes  of  the  lovers 
of  mankind,  and  of  all  true  citizens.  Further  the  number  of 
those  becoming  students  has  increased  each  day;  it  has  become 
a  fundamental  topic  in  all  modern  schools,  and  above  all  in  those 
■which  seek  the  higher  planes  of  human  knowledge. 

Among  all  the  civilized  nations,  where  one  works  without 
•ceasing  for  the  perfection  of  reason,  the  sciences  which  influence 
territorial  and  industrial  production,  and  among  which  chem- 
istry to-day  occupies  the  first  rank,  are  held  in  general  esteem. 
The  cultivation  of  the  fields,  the  multiplication  of  animals, 
the  establishment  of  manufacturers,  the  exchange  of  the  indus- 
trial creations  for  the  products  of  other  people  constitute  the 
true  source  of  the  prosperity  of  nations  to  which  all  men  are 
called  according  to  their  abilities  and  where  they  find,  in  serving 
their  country,  their  chief  pleasure. 

Chemistry  clarifies  the  practice  of  the  arts;  without  her 
neither  constancy  in  products,  economy  in  process,  nor  perfec- 
tion in  operation  can  be  hoped  for.  Unable  to  know  in  advance 
and  to  calculate  the  results,  manufacturers  have  often  made 
errors  which  have  lost  them  their  establishments.  Conse- 
quently many  chemists  have  in  recent  years  become  manu- 
facturers and  already  France  has  ceased  to  be  tributary  to  other 
nations  for  a  great  number  of  useful  products;  the  preparation 
of  the  mineral  acids,  different  salts,  metallic  oxides,  dyes,  and 

^Ann.  chim.,  19  (1797),  5. 


glass,  multiplied  in  France  during  the  last  five  years,  are  authen- 
tic proof  of  the  inestimable  advantages  of  chemistry.  Without 
'  the  light  of  this  science  from  where  would  have  come  the  quanti- 
ties of  saltpeter  and  powder  for  our  armies  which  was  made  in 
the  last  four  years?  From  where  the  copper,  iron,  steel,  potash, 
soda,  leather,  and  all  the  other  precious  materials  which  have 
enabled  us  to  conquer  our  enemies  and  to  maintain  our  exis- 
tence?    Without  chemistry  we  would  have  been  helpless. 

At  the  moment  when  victory  has  crowned  our  efforts,  when 
talent  has  been  recognized  and  called  to  the  service  of  the  State; 
at  the  moment,  above  all,  when  new  schools  have  been  opened 
in  the  Departments  which  seek  to  spread  knowledge  and  make 
known  its  needs,  the  authors  of  the  Annales  de  chimie  believe 
it  a  pressing  duty  to  go  on  again  with  the  circulation  of  this 
journal.  Their  aim  is  to  carry  the  torch  of  science  into  all 
workshops;  to  make  known  the  new  processes;  to  describe 
the  little  known  or  unused  arts;  to  improve  bad  practices;  to 
correct  errors  which  occur  too  often  in  many  of  our  factories; 
to  describe  means  for  the  utilization  of  neglected  or  wasted 
by-products;  to  expose  the  often  misleading  trade  secrets  and 
the  perfidious  charlatanism;  to  establish  lucid  theories  of  the 
most  obscure  operations;  to  direct  the  nearly  always  unassured 
or  uncertain  steps  of  the  manufacturer;  to  destroy  mystery, 
and  to  repress  fraud.  In  a  word,  to  serve  science  in  the  most 
exact  manner  and  to  increase  the  varieties  of  national  industry. 

We  believe  that,  without  neglecting  chemical  philosophy,  it 
is  its  special  applications  to  the  useful  arts  that  will  clarify  and 
improve  those  arts.  Brilliant  and  ingenious  theories  will  not 
be  refused,  particularly  if  they  have  useful  applications.  It 
is  for  intelligent  and  reliable  artists,  manufacturers,  workmen, 
and  merchants  that  this  work  is  especially  designed.  At  the 
same  time  savants  and  philosophers  will  find  records  of  the 
progress  of  physics  and  the  march  of  human  events.  It  is  fine 
to  be  able  to  view  the  improvement  in  the  arts  and  also  in  well 
doing  among  a  great  people. 

It  is  hardly  necessary  to  say  that  all  possible  effort  will  be 
made  to  join  to  the  discoveries  made  in  France  those  made 
by  other  nations  where  chemistry  and  the  chemical  arts  are 
cultivated  with  success,  and  especially  Germany,  Spain,  Holland, 
Italy,  and  England. 

The  authors  of  the  Annales  de  chimie  having  undertaken  to 
continue  their  work  propose  to  present  in  the  nineteenth  and 
twentieth  volumes  the  principal  discoveries  and  most  remark- 
able achievements  in  chemistr>'  made  in  France  between  Sep- 
tember 1795  and  January  1797. 


SOCIAL   INDUSTRIAL  RELATIONS 


Waste  in  Industry 

By  H.  W.  Jordan 

SvEACUse,  N.  Y. 


The  report  upon  the  research  made  this  year  by  the  Federated 
American  Engineering  Societies,  under  leadership  of  Herbert 
Hoover,  is  issued  as  the  book  "Waste  in  Industry,"  published 
by  the  Societies.'  The  research  marks  a  new  phase  of  engineer- 
ing in  that  the  creators  of  modern  industry,  the  engineers, 
have  applied  their  methods  of  investigation  by  research  and 
mathematical  analysis  to  industrial  management  and  industrial 
contact  with  the  public. 

This  research  upon  six  typical  branches  of  industry,  building, 
men's  clothing,  shoe  manufacturing,  printing,  metal  trades  and 
textile  manufacturing,  disclosed  that  on  the  average  labor  is 
responsible  for  16  per  cent  of  the  waste,  defective  relations 
with  the  public  for  16  per  cent,  and  management  answerable 
for  68  per  cent. 

THESE  SUMMARY  FIGURES  ARE  BASED  ON  THE  FOITR  MAIN 
CAUSES     OF     WASTE : 

1 — Low  production  caused  by  faulty  management  of  materials,  plant, 
equipment,    and    men. 

2 — Interrupted  production,  caused  by  idle  men,  idle  materials,  idle 
plants,  idle  equipment. 

3 — Restricted  production  intentionally  caused  by  cvners,  management, 
or    labor. 


1  "Waste    in    Industry,"    McGraw-Hill    Book    Co.,    Inc.,    New    York, 
N.   y.,    1921.     xi    +    409   pages.     Price,   $4.00. 


4 — Lost  production  caused  by  ill  health,  physical  defects,  and  industrial 
accidents. 

As  Mr.  Hoover  says  in  the  foreword  of  the  book,  "We  have 
probably  the  highest  ingenuity  and  efficiency  in  the  operation 
of  our  industries  of  any  nation.  Yet  our  industrial  machine  is 
far  from  perfect.  The  wastes  of  unemployment  during  de- 
pressions; from  speculation  and  overproduction  in  booms; 
from  labor- turnover ;  from  labor  conflicts;  from  intermittent 
failure  of  transportation  of  supplies  of  fuel  and  power;  from  ex- 
cessive seasonal  operation;  from  lack  of  standardization;  from 
loss  in  our  processes  and  materials — all  combine  to  represent 
a  huge  deduction  from  the  goods  and  services  that  we  might  all 
enjoy  if  we  could  do  a  better  job  of  it." 

THE     StIRVEY     SHOWS     SUCH     STRIKING     SIMILARITY     BETWEEN 

THE  SIX  INDUSTRIES  that  it  indicates  the  existence  of  universal 
laws  that  govern  industrial  mass  action.  Although  equipment 
of  the  several  industries  varies  widely,  five  of  the  six  showed 
close  approximation  to  the  above  average  distribution  of  waste. 
Textile  manufacture,  the  oldest  American  industry,  showed 
but  50  per  cent  of  its  waste  due  to  management.  Its  greater 
losses,  40  per  cent,  are  due  to  outside  contacts. 

Interrupted  production  caused  by  seasonal  conditions,  com- 
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I)etitive  trade  practices,  and  unbalanced  operations  between 
departments  of  manufacturing  plants  were  a  large  cause  of  waste. 
Interruption  due  to  labor  strikes  was  found  less  serious  than  is 
popularly  supposed,  because  so  many  strikes  are  in  seasonal 
trades,  like  manufacture  of '  clothing  or  the  building  trade, 
where  the  loss  is  not  absolute  because  it  is  made  up  by  energetic 
work  at  a  later  date. 

Destructive  competition,  absence  of  cooperation,  lack  of  com- 
parative statistics  of  industry  cooperatively  collected  and  in- 
telligently used  are  among  principal  causes  of  waste.  Lack 
of  standardization  of  machines  and  of  methods,  maintenance 
of  an  excessive  number  of  patterns,  sizes,  and  styles,  and  ex- 
treme excess  equipment  contribute  heavily  to  waste. 

THERE  ARE  APPROXIMATELY  6000  BRANDS  OF  PAPER.  50  per  cent  of  which 
are  more  or  less  inactive.  Duplication  of  brand  serves  no  useful  purpose 
and  ties  up  money  in  unnecessary  stock.  As  an  example  of  the  disregard 
of  standard  size,  the  Federal  Reserve  Bank  check  will  not  cut  without 
waste  from  any  regular  paper  sizes.  A  draft  questionnaire  issued  during  the 
war  was  of  such  nonstandard  size  as  to  require  special  fding  cabinets. 
The  Technical  Publishers'  Association  on  measuring  927  catalogs  found 
147  different  sizes.  A  trim  of  one-quarter  inch  on  a  6  X  9  page  is  equal 
to  7  per  cent  of  the  total  cost  of  the  paper.  Among  current  magazines 
there  are  18  variations  in  width  and  76  in  length  of  page  or  column.  Among 
trade  paper  publications  there  are  33  variations  in  width  and  64  in  length. 
Among  newspapers  there  are  16  in  width  and  55  in  length.  These  variations 
cost  the  public  not  less  than  a  hundred  million  dollars  each  year.  Stand- 
ardization of  newspaper  columns  to  one  size  would  make  possible  an  annual 
saving  of  $3,000,000  to  $5,000,000  on  composition  and  plates  alone. 

*  *     * 

LACK   OP   EFFECTIVE    PLANNING    AND    ADMINISTRATION    in    OUC   large    typical 

plant  wastes  one-fifth  of  the  worker's  time.  A  shoe  factory  having  a 
capacity  of  2400  pairs  of  shoes  a  day  could  turn  out  for  a  considerable 
period  only  1900  pairs  because  of  shortage  of  needed  racks.  Another 
factory  had  50,000  pairs  of  shoes  tied  up  in  the  fitting  room  instead  of  the 
normal  15,000  because  of  congestion  of  operations.  In  another  case  a 
factory  producing  700  pairs  of  shoes  a  day  had  36,000  pairs  in  its  fitting 
room,  or  ten  times  the  normal  supply.  An  entire  factory  was  held  up  for 
several  days  waiting  for  leather  heels.  From  shop  records  it  is  found  that 
the  average  loss  in  clothing  factories  during  running  time,  not  including 
shut  down,  is  between  30  and  35  per  cent.  If  we  call  80  per  cent  running 
time  the  maximum  readily  attainable,  this  means  a  possible  increase  of 
nearly  20  per  cent  in  productive  capacity,  and  a  similar  increase  in  plant 
capacity. 

*  *     * 

Since  most  strikes  occur  in  seasonable  employments,  it  can  be  deduced 
that  output  is  not  necessarily  penalized,  for  it  is  often  possible  to  make 
up  the  losses  incurred  by  strikes  through  increased  production  at  other 
times.  More  coal  was  mined  in  1910  than  in  1911,  although  the  former 
year  witnessed  many  protracted  strikes  involving  large  numbers  of  employ- 
ees. The  year  1912,  with  47  per  cent  of  the  entire  labor  force  out  on  strike 
and  with  an  average  loss  per  man  of  40  days,  showed  an  increased  output 
of  coal  per  man,  per  day  and  per  year,  and  six  days  more  employment 
than  in  1911,  which  was  relatively  strikeless. 

*  *     * 

Clothing  factories  are  built  45  per  cent  larger  than  is  necessary;  printing 
establishments  are  from  50  per  cent  to  150  per  cent  overequipped;  the 
shoe  industry  has  a  capacity  of  1,750,000  pairs  of  shoes  a  day,  and  produces 
Uttle  more  than  half  that  number;  throughout  the  metal  trades,  standard- 
ization of  products  would  permit  of  large  reductions  in  plant  and  equipment. 

Practically  all  industries  are  seasonal.  The  clothing  worker  is  idle  about 
31  per  cent  of  the  year;  the  average  shoemaker  spends  only  65  per  cent 
of  his  time  at  work;  the  building  trade  workman  is  employed  only  about 
190  days  in  the  year  or  approximately  63  per  cent  of  his  time;  the  textile 
industry  has  regular  intervals  of  slack  time;  during  the  past  30  years  bi- 
tuminous coal  miners  were  idle  an  average  of  93  possible  working  days  per 
year. 

*  +     * 

ABSURD  LABOR  UNION  REGULATIONS  CAUSE  WASTE.  As  Carpenters' 
helpers  are  prohibited  from  using  carpenters'  tools,  carpenters  are  reriuired 
to  do  such  work  as  stripping  forms  from  concrete,  work  that  helpi-rs  could 
■do  more  cheaply  and  as  well.  Hoisting  engineers  claim  the  right  to  run  all 
types  of  engines,  including  automatic,  gas  driven  pumps.  On  one  job  a 
contractor  had  to  hire  a  union  engineer  at  $8.00  per  day  simply  to  start  a 
piimi)  in  the  morning,  oil  it  occasionally,  and  stop  it  at  night. 

*  *     * 

THE  PUBLIC  IS  RESPONSIBLE  FOR  ABOUT  ONU-THNTH  OF  THE  WASTE  DIS- 
CLOSED. Excessive  numbers  of  styles,  combative  rather  than  coifcpcrative 
public  opinion,  and  crowding  manufacture  and  trade  into  short  seasons 
by  failing  to  standardize  wearing  apparel  arc  among  industrial  sins  of  waste 
of    which    the    public    is    guilty.  \ 


These  citations  from  the  report  are  sufficient  to  show  its 
thoroughness  and  to  bring  to  notice  elements  of  waste  that  are 
plainly  preventable. 

UNDERLYING  THE  STUDY  ARE  FOUR  FUNDAMENTAL  PRIN- 
CIPLES THAT  MERIT  our  serious  attention.  First,  that  humanity, 
whether  management,  labor  or  public,  proceeds  along  the  same 
ways  in  each  industry  in  strict,  readily  discernible  accordance 
with  laws  that  are  world-wide; 

THAT  PROFITABLE  PRODUCTION  AND  SUPERIOR  EFFICIENCY 
RESULT  FROM  COOPERATION;  while  loss,  interruption  of  industry, 
and  discontent  among  employees  and  public  spring  from  ab- 
sence   of    cooperation; 

THAT  ACTION  AND  REACTION  ARE  EQUAL  IN  HUMAN  INDUSTRIAL 

RELATIONS  as  they  are  in  mechanics;  and  that  the  Golden  Rule, 
which  is  one  wording  of  the  law  of  equal  action  and  reaction, 
is  not  a  mere  soothing  expression  of  a  pleasing  ethical  theory, 
but  that  it  is  a  primary  law  of  self-preservation  in  industry, 
commerce,  and  all  human  relations; 

AND  FOURTH,  THAT  RESEARCH,  by  the  methods  of  applied 
science  and  mathematical  analysis  which  engineers  and  chemists 
have  applied  to  machines  and  processes,  is  equally  applicable 
to  every  phase  of  industry,  commerce,  and  human  affairs. 

A  main  value  of  the  Federated  Engineers*  study  of  waste  in 
industry  is  this  proof  that  all  human  relations  are  capable  of 
interpretation  and  improvement  by  scientific  research.  "The 
future  of  civilization  depends  upon  the  widening  spread  and  deep- 
ening hold  of  the  scientific  habit  of  mind,"  says  John  Dewey. 
Continuance  of  profitable  industry  in  its  readjustment  to  the 
conditions  arising  from  the  World  War  depends  upon  scientific 
research  that  will  extend  into  all  human  relations  of  industry 
as  deeply  and  thoroughly  as  it  has  delved  into  the  applied 
sciences  that  yielded  the  automobile,  moving  pictures,  aviation, 
by-product  coke  and  contact  sulfuric  acid — industries  of  applied 
science  that  did  not  exist  a  half  century  ago.     As  the  report  says: 

While  certain  industries  are  ahead  of  the  rest  in  plant  research,  the  need 
for  more  intensive  research  activity  is  apparent  in  every  industry.  One 
industry  which  is  backward  in  this  respect  is  clothing.  In  the  majority 
of  men's  clothing  plants  nothing  approximating  research  is  practiced  to 
improve  materials,  processes,  equipment,  or  product.  The  assertion 
probably  will  not  be  challenged  that  there  is  not  a  single  individual  through- 
out the  entire  industry  who  is  solely  engaged  in  research  and  is  thus  without 
operating  duties.  In  the  shoe  industry  there  is  lack  of  information  as  to 
market  demands  in  this  country  and  abroad.  In  all  leather  industries 
there  is  need  for  scientific  research  to  aid  in  predicting  the  kinds  and  quanti- 
ties of  leather  required. 

INDUSTRIAL    MANAGEMENT    HAS    PAID    TOO    LITTLE    ATTENTION 

to  waste  and  loss  of  profit  arising  from  disregard  of  social  in- 
dustrial relations  with  employees  and  the  public.  Failure 
to  realize  that  these  human  relations  are  responsive  to  scientific 
research  has  resulted  in  a  large  by-product  of  industrial  ill  will, 
ill  will  not  only  of  employee  but  of  the  jiublic;  ill  will  reflected 
in  types  of  taxation  and  government  regulation  as  senseless 
and  costly  as  the  $8.00  engineer  who  starts  and  stops  an  auto- 
matic pump.     Here,  too,  we  find  reaction  equal  to  action. 

THE    REAL    TEST    OF    INDUSTRIAL    CONSOLIDATION    IS    TO    COME 

IN  THE  NEXT  TWENTY  YEARS.  The  Federated  Engineers  say 
"There  is  probably  direct  connection  between  the  increase 
in  size  of  industrial  plants,  and  the  statement  made  by  Brad- 
street  to  the  effect  that,  while  'incompetence'  had  always  bulked 
large  as  a  cause  of  business  failtu-es,  by  1912  it  had  grown  to 
be  the  chief  cause  and  by  1919,  38.2  per  cent  of  all  failures  were 
caused  by  it.  During  this  period  plants  were  rapidly  increasing 
in  size  because  of  the  growth  of  the  coimtry,  and  a  higher  stand- 
ard of  management  was  at  the  same  time  Iicing  required." 

In  my  opinion  the  next  phase  of  corporate  iiuhistry  will  be 
reversion  to  its  original  units,  operated  by  local,  resident  manage- 
ment in  social  harmony  with  their  several  communities;  with 
present     absentee     management     supplanted     by     cooperative 
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management  acting  in  close  accord  with  mathematical  or  statis- 
tical information  secured  by  research  like  that  of  the  Federated 
Engineers. 

"Underlying  the  balance  sheet,  the  Ethical  Factor — expression 
of  fairness  in  all  relations — must  be  distinctly  plus,  not  minus,  or 
any  industry  camiot  survive,"  says  Babson.  Future  industrial 
cooperative  management  will  be  characterized  by  extension 
of  practical  cooperation  to  employees  and  to  the  public,  with 
proportionate  elimination  of  the  vast  fund  of  antagonism  and 
industrial  Ul  will  toward  employers  as  a  class. 

THIS  RESEARCH  UPON  WASTE  IN  INDUSTRY  IS  AN  E.'iRLY  PROOF 

OF  THE  NEED  OF  SUCH  COOPERATION.  Equally  convincing 
proof  is  the  widespread  abandonment  of  hmnanitarian  work 
by  corporate  management  since  the  war,  and  the  dropping  of  a 
large  portion  of  scientific  industrial  research  as  well. 

HUGE  CORPORATE  INDUSTRY  HAS  ENTERED  THE  THIRD  GENERA- 
TION OF  THOSE  WHO  FOUNDED  ITS  COMPONENT  UNITS.  They  say 
in  Japan — "The  third  generation  makes  or  breaks  a  dynasty." 
As  Lothrop  Stoddard  expresses  it:  "The  melancholy  trinity — 
David,  Solomon,  Rehoboam — has  reappeared  with  depressing 
regularity  throughout  history."  In  American  corporate  industry 
we  are  witnessing,  and  enduring,  the  third  generation  stage. 
The   ultimate    result  will  return  to  more  individualistic,  local. 


resident  management,  under  a  national,  cooperative  rather  than 
competitive  system. 

It  is  a  principle  of  human  progress  that  it  works  in  circles; 
that  inventions  or  great  social  movements  begin  in  simple, 
rudimentary  forms,  advance  through  extreme  complication  and, 
in  their  ultimate  perfection,  come  back  to  the  simple,  essential 
elements  from  which  they  started.  Thus  the  steam  engine- 
was  first  Hero's  revolving  cups,  and  next  the  reciprocating 
engine  of  Watt.  In  the  modern  turbine  engine  it  has  retttfned 
to    Hero's    principle. 

THIS  SURVEY  OF  WASTE  IN  INDUSTRY  IS  AN  INVALUABLE  SER- 
VICE TO  COMMUNITY,   STATE,  AND  NATION.      It  points  the  Way  tO- 

the  return  of  our  industries  to  their  ultimate,  yet  original, 
form  of  single  plant  units,  efficiently  managed  and  harmoniously 
conducted  by  men  and  women  who  make  each  industry  their 
life  career  in  the  city  or  town  they  adopt  as  their  home.  By 
that  return  to  first  principles  we  shall  regain  the  immensely 
valuable  social  force  of  American  individualism,  strengthened 
by  a  system  of  nation-wide,  cooperative  industrial  relations 
based  upon  laws  which  govern  world-wide  human  relations; 
laws  that  chemists  and  engineers  will  reveal  and  apply  by  scien- 
tific industrial  research.  Thus  we  shall  attain  industrial,  social, 
world-wide  peace,  with  enduring  prosperity  through  elimination 
of  industrial  and  social  waste. 


NOTES  AND  CORRESPONDENCE 


Liability  for  Laboratory  Accidents 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  Court  decision  which  awarded  a  Cornell  woman  student 
$25,000  damages  because  of  alleged  negligence  on  the  part  of 
the  College  Department  of  Chemistr>',  by  which  she  lost  the 
sight  of  one  of  her  eyes,  as  reported  in  the  November  1921 
issue  of  This  Journal,  certainly  gives  those  of  us  who  teach 
beginners  food  for  serious  thought.  The  outcome  of  the  ap- 
peal to  the  highest  court  will  be  awaited  with  great  interest. 

I  have  long  opposed  the  usual  method  of  dispensing  chemicals 
in  laboratories  where  begiimers  in  the  subject  are  at  work, 
namely,  letting  the  student  help  himself  from  bottles  on  a  side 
shelf  or  table.  I  have  seen  so  much  trouble,  and  so  many  ac- 
cidents, result  from  this  method  that  I  long  ago  discarded  it 
as  dangerous  and  inefficient,  and  have  substituted  a  "dispensing 
stockroom,"  where  the  responsibility  for  giving  out  the  correct 
chemicals,  and  in  right  amounts,  is  upon  the  stock  clerk.  There 
are  so  many  chances  that  a  student  will  meet  with  accident, 
even  with  the  proper  chemicals,  that  we  should  strive  to  eliminate 
entirely  the  many  chances  of  accident  due  to  getting  the  wrong 
chemicals. 

I  have  never  yet  seen  chemicals  left  out  within  reach  of  stu- 
dents that  were  not  contaminated,  one  by  the  other,  and  while 
the  testimony  of  Professor  Chamot  states  that  no  lime  was 
found  in  the  unused  remainder  of  the  mixture  made  for  the  ex- 
periment, and  the  case  under  consideration  seems  to  be  clearly 
one  of  carelessness  on  the  part  of  the  student,  there  is  always  the 
possibility  of  accident  due  to  the  presence  of  a  chemical  in  a 
bottle  labeled  as  containing  some  other. 

A  case  in  point,  which  happily  did  not  end  in  disaster,  occurred 
in  my  own  laboratory  when  a  stock  clerk,  too  lazy  to  do  as  he 
had  been  told,  let  the  students  help  themselves.  The  students 
had  been  pouring  potassium  chlorate  from  a  wide-mouthed 
container  into  a  test  tube.  This  procedure  natm-ally  resulted 
in  the  spilling  of  much  of  the  substance  on  to  the  table.  vStu- 
dents  are  notoriously  prone  to  leave  bottles  unstoppered,  and 
on  this  occasion  a  bottle  of  powdered  sulfur  was  receiving  a  very 
liberal  addition  of  the  chlorate.     Prompt  removal  of  this  con- 


taminated material  is  probably  all  that  saved  some  one  from  i 
bad  explosion.  That  particular  stock  clerk  was  eliminated 
from  the  staff. 

Contamination  of  fine  chemicals  by  interchange  of  stoppers 
is  also  a  frequent  occurrence  in  a  beginners'  laboratory.  This 
is  especially  true  of  solutions.  I  have  had  a  class  lose  the  work 
of  nearly  a  whole  laboratory  period  because  a  stock  clerk  (the- 
same  one,  by  the  way)  had  let  some  student  mix  up  stoppers  on 
two  bottles,  one  of  which  had  contained  a  chemically  pure  sub- 
stance in  solution. 

With  free  access  to  chemicals,  foolhardy  students  will  "try 
anything  once."  I  have,  when  a  student  myself,  seen  another 
student  take  the  opportunity,  when  the  teacher  had  left  the  lab- 
oratory temporarily,  to  pour  some  material  from  nearly  every 
bottle  on  the  shelf  into  a  beaker  just  to  see  what  would  happen. 
You  may  say  that  is  the  research  spirit  manifesting  itself  early, 
but  I  shudder  to  think  that  he  might  have  produced  hydrocyanic 
acid  had  he  picked  out  all  the  bottles  on  that  shelf.  A  kind' 
Providence  probably  saved  us  all  that  day.  The  teacher  wisely 
removed  the  potassium  cyanide  after  hearing  of  this  escapade. 

If  the  ruling  by  the  Court,  that  it  is  the  duty  of  the  Depart- 
ment of  Chemistry  to  analyze  all  chemicals  received  from  man- 
ufacturers before  they  are  dispensed  to  students,  is  upheld  by 
the  higher  Courts,  colleges  will  feel  required  to  make  these 
analyses.  This  will  add  considerably  to  the  expenses  of 
instruction,  and  if  the  chemicals  are  bought  in  small  containers 
the  additional  expense  will  be  very  large. 

If  the  further  ruling  is  upheld  that  it  is  the  duty  of  the  De- 
partment to  ascertain  by  chemical  examination  whether  the 
contents  of  all  bottles  in  the  student  laboratories  are  in  exact 
accord  with  their  labels,  a  continuous  run  of  analyses  would 
have  to  be  made  on  all  the  bottles  all  the  time  the  students  are 
present.  This  would  seem  to  preclude  the  use  of  the  system 
of  dispensing  where  the  students  have  access  to  the  bottles, 
(for  students  are  bound  to  contaminate  the  chemicals);  other- 
wise the  college  must  assume  the  liability  incurred  in  neglecting 
to  makt  such  continuous  analyses. 

The  case  of  the  male  student  whose  explosion  was  due  to  the 
fact  that  he  had  scraped  up  some  white  chemical  that  had  been 
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Steele  Chemistry  Building,  Dartmouth  College 

This  new  laboratory  which  was  dedicated   October  29,  1921,  was  in  part   the   g\l{  of   the   late  Sanford   H.  Steele,  formerly   president  of   the   General 

Chemical  Co.     At  the  dedication,  Dr.   Henry  P.  Talbot  delivered  an  address  on   "Fifty  Years  of 

Chemistry:    Our  Heritage  and  Our  Obligations  " 


spilled  on  the  table,  and  which  was  evidently  not  "lime"  which 
the  experiment  required,  seems  to  me  to  be  argument  enough 
to  persuade  any  teacher  who  has  to  supervise  a  beginners' 
laboratory  that  it  is  not  wise  to  let  these  inexperienced  students 
help  themselves.  Some  students  are  always  slovenly  in  pouring 
out  chemicals  and  seem  to  care  little  how  much  they  spill.  It 
always  seems  to  me  that  one  slovenly  student  contaminates  the 
others  in  the  laboratory.  They  see  that  he  "gets  by"  (as  they 
say)  without  cleaning  up  what  he  has  spilled,  and  they  try  to 
do  likewise.  This,  if  true,  is  another  good  argument  Tor  a  con^ 
trolled  stockroom 

At  Brown  our  "dispensing  stockroom"  opens  directly  into 
the  laboratory,  and  a  student  assistant  deals  out  the  chemicals 
asked  for  by  the  students.  Only  dilute  acids  and  ammonia 
are  on  the  benches,  and  these  are  the  only  chemicals,  outside  of 
water,  to  which  the  students  may  help  themselves.  We  are 
thinking  seriously  of  eliminating  all  but  the  water. 

While  this  system  is  not  infallible,  it  is  easier  to  find  the 
source  of  trouble,  and  to  place  the  responsibility  for  it. 

Regrettable  as  it  is  that  the  Cornell  student  lost  the  sight  in 
one  eye,  for  which  loss  money  alone  can  hardly  be  a  recompense, 
it  does  not  seem  clear  to  me  that  the  college  should  be  held  liable 
for  the  financial  recompense  in  this  case,  which  appears  so 
clearly  one  of  neglect  on  the  part  of  the  student. 

If  the  higher  courts  sustain  this  verdict  there  seems  to  be 
nothing  left  for  the  colleges  to  do  but  to  take  out  liability  in- 
surance to  cover  such  cases.  It  is  certain  they  cannot  afford 
to  make  the  analyses. 


Brown    University 

Providencs.  R.  I. 
November  14,   1921 


H.  F.  Davison 


Another  Ca.se  of  Spontaneous  Combustion' 

Editor  of  the  Journal  of  hiduslrial  and  Engineering  Chemistry: 

At  about  2  :  30  p.  m.  on  July  15,  1921,  a  volume  of  white  smoke 

was  discovered  arising  from  the  top  of  a  tank  installed  in  the 

yard  of  the  Experimental  Kelp  Potash  Plant  of  the  U.  S    Ue- 

'  Published  with  permission  of  Secretary  of  Agriculture. 


partment  of  Agriculture  at  Summerland,  California.  The  tank 
being  of  wood,  the  impression  created  was  that  the  tank  itself 
was  on  fire,  but  it  was  immediately  discovered  that  a  cotton  sack 
lying  on  top  of  the  tank  was  burning  vigorously  and  that  this 
was  giving  rise  to  the  smoke. 

This  sack,  it  developed — an  ordinary  white  cotton  flour  sack — 
had  been  used  in  the  filtration  of  crude  sodium  chlorate  employed 
as  a  reagent  in  the  manufacture  of  iodine  from  kelp  potash  brines, 
and  when  the  iodine  plant  had  been  shut  down  two  months 
previously,  the  sack  had  been  thrown  on  top  of  the  tank  where  it 
had  remained  ever  since.  Since  the  iodine  plant  was  constructed 
out-of-doors,  without  a  protecting  roof,  the  top  of  the  tank 
and  the  sack  lying  on  it  were  exposed  to  the  sun's  rays,  and  it 
was  so  situated  as  to  be  exposed  to  the  sun  all  the  morning.  The 
day  in  point  was  a  brilliantly  clear  one,  though  not  unusually 
warm. 

The  top  of  the  tank  is  about  7  ft.  from  the  floor,  which  fact 
would  discount  the  idea  that  the  fire  could  have  had  its  origin 
in  the  carelessness  of  smokers.  Furthermore,  inasmuch  as  the 
plant  was  shut  down  and  in  a  stand-by  condition,  no  one  entered 
it  but  the  guards.  The  chances  of  the  fire  originating  other  than 
spontaneously,  accordingly,  seem  negligible. 

On  the  other  hand,  the  facts  that  the  sack  in  question  was  im- 
pregnated with  sodium  chlorate;  that  it  was  a  second-hand 
flour  sack  and  possibly  had  not  been  entirely  freed  from  flour; 
that  it  accordingly  was  highly  inflammable;  that  the  sun's  rays 
in  this  locality  are  highly  actinic,  all  combine  to  substantiate  the 
conclusion  that  the  fire  was  another  case  of  spontaneous  combus- 
tion. It  is  believed  that  the  reaction  was  started  through  the 
influence  of  the  chemically  active  rather  than  the  heat  rays  of 
the  sun. 

The  phenomenon  was  witnessed  by  Mr.  P.  S.  Shoaff,  the  super- 
intendent, and  Mr.  H.  G.  Tanner,  chief  chemist,  who  concur  in 
the  above  conclusion. 

J.     W.     TURRENTINE 
Experimental  Kblp-Potash  Plant 
U.  S.  Department  of  Agriculture 
Summerland,  Calipornia 
September    14,    1921 
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Determination  of  Salt  in  Petroleum 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  the  paper  on  the  subject  of  "Determination  of  Chloride  in 
Petroleum,"  by  Ralph  R.  Mathews'  I  have  noted  with  interest 
his  scheme  of  separating  salt  water  by  mixing  acetone  and  water 
with  the  oil  under  examination. 

In  this  laboratory  we  have  for  several  years  been  estimating 
salt  after  burning  oil  an  oil.  For  rapid  control  we  weigh  from 
10  to  20  g.  of  a  fuel  oil  in  a  dry  nickel  dish  of  about  250-cc. 
capacity,  and  heat  the  dish  and  contents  over  a  Bunsen  gas 
flame.  When  the  oil  is  fuming  thickly,  the  gases  over  the  dish 
are  ignited  with  the  Bimsen  flame,  and  the  heating  is  continued 
until  the  oil  fumes  burn  out.  The  Bunsen  flame  is  withdrawn 
for  a  minute,  75  cc.  of  water  are  added,  and  the  mixture  is  boiled 
vigorously  for  a  few  minutes.  The  dish  is  cooled  in  a  vessel  of 
cold  water  until  cool  enough  to  handle,  and  the  contents  are 
filtered  and  washed  several  times  with  water,  scrubbing  out  the 
dish.  After  the  addition  of  a  few  drops  of  1:10  potassium  chro- 
mate  solution,  the  filtrate  and  washings  are  titrated  as  usual 
with  standard  silver  nitrate,  and  the  results  are  calculated  to 
NaCl. 

There  is  left  in  the  dish  a  mass  of  charred  matter  which,  after 
sufficient  washing,  does  not  retain  more  than  traces  of  salt,  and 
need  not  be  completely  removed  from  the  dish  before  another 
determination  is  made.  The  dish  does  not  get  to  a  red  heat  while 
the  oil  is  burning  off,  and  the  charred  mass  provides  a  means  of 
protecting  NaCl  from  volatilizing.  The  nickel  dish  is  not  used 
for  any  other  work. 

If  the  oil  contains  an  abnormal  quantity  of  salt,  it  foams 
and  spatters  badly,  and  a  lower  flame  is  used  for  the  first  part 
of  the  heating  operation. 

Our  specification  on  fuel  oU  for  use  in  open  hearth  and  forge 
furnaces  does  not  permit  the  presence  of  more  than  0.25  per  cent 
of  salt.  However,  it  is  only  rarely  that  we  have  met  with  samples 
of  oil  running  as  high  as  0.10  per  cent.  On  the  other  hand,  in 
composite  samples  from  bunches  of  ten  carloads  we  have  never 
found  a  total  absence  of  salt. 

George  T.  Dougherty 

American  Steei.  Foundries 

Chicago,  Illinois 

April  20.  1921 


'  This  Journal,  13  (1921),  325. 


The   Chemistry  of   Acenaphthene  and  Its 
Derivatives 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 
The  excellent  summary  of  the  chemistry  of  acenaphthene  and 
its  derivatives  by  D.  A.  Hahn  and  H.  E.  Holmes  which  appeared 
in  the  September  number  of  This  Journal'  undoubtedly  will 
serve  the"  purpose  for  which  it  was  written  and  stimulate  in- 
vestigation in  this  interesting  field.  As,  however,  this  paper 
was  received  on  June  20,  1921,  and  it  is  stated  that  the  synopsis 
represents  all  the  references  to  the  chemistry  of  acenaphthene 
and  its  derivatives  which  could  be  obtained  from  a  fairly  close 
search  of  the  literature,  new  workers  in  this  field  may  possibly 
overlook  the  most  recent  work.  It  appears  of  interest,  therefore, 
to  bring  this  subject  up  to  date  by  the  addition  of  a  short  note. 
A.  Zinke  and  E.  Raith,^  F.  Mayer  and  W.  Kaufmann,=  F.  M. 
Rowe  and  J.  S.  H.  Davies,<  K.  Fleischer  and  P.  Wolff,^  and  K. 
Fleischer,  H.  Hittel  and  P.  Wolff'^  have  described  new  deriva- 
tives of  acenaphthene  and,  in  .some  instances,  have  revised  the 

■  This  Journal,  13  (1921),  822. 

'  Monalsh..  40  (1919),  271. 

"  Ber.,  63    (1920),  289. 

'J.  Chem.  Soc,    117  (1920),  1344. 

i  Ber..     63     (1920),    925. 

'Ibid.,   63    (1920),    1847. 


melting  points  of  derivatives  previously  known.  New  derivatives 
include  pyridino-4,5-acenaphthene,  melting  at  67°-  or  60°  to 
61°,^  obtained  by  the  action  of  concentrated  sulfuric  acid,  glyc- 
erol and  nitrobenzene  on  5-aminoacenaphthene ;  tetrabromo- 
acenaphthene,  melting  at  180°  to  181°;^  5-ethylacenaphthene, 
boUing  at  160°/20  mm.' or  melting  at  42.5°  to  43°,*  which  forms 
a  picrate,  melting  at  95°  to  96°,'  and  is  oxidized  through  4- 
ethylnaphthalene-1,  8-dicarboxylic  anhydride,  melting  at 
180°,'  to  naphthalene-l,4,8-tricarboxylic  acid;  5-nitroace- 
naphthenequinone,  melting  at  199°'  or  218°,*  forms  a  mono- 
phenylhydrazone,  melting  at  186°'  or  234°  to  235°,''  and  a 
diphenylhydrazone,  melting  at  148°,  and  is  converted  into  the 
corresponding  nitronaphthaldehydic  acid,  melting  at  245°  to 
247°,  by  the  action  of  concentrated  potassium  hydroxide;  5,6- 
dinitroacenaphthenequinone,  melting  above  300°  with  decom- 
position,'' forms  a  monophenylhydrazone,  melting  at  287°;  a 
diacetylacenaphthene,  melting  at  146°;^  5-acetylacenaphthene 
readily  condenses  with  benzaldehyde  to  form  crystalline  benzyli- 
dene  derivatives,  the  o-chlorobenzylidene  compound  melting  at 
113°;*  6-acetyl-5-ethylacenaphthene,  melting  at  110.5°;*  5,6- 
diethylacenaphthene,  melting  at  10°  to  11°  and  boiling  at  182% 
14  mm.;*  pyracenehemiquinone 


H2C  —  CH; 


melting  at  226°,*  obtained  by  the  action  of  oxalyl  bromide  on 
acenaphthene  in  the  presence  of  aluminium  chloride;  5-bromo- 
acetyl-acenaphthene,  melting  at  180°;*  2,2'-diethylperiacenaph- 
thindane 

HjC  —  CH2 
I  I 


I  I 


H2C         CH2 
CCCjHs)^ 


melting  at  93°  to  95°,*  obtained  by  the  reduction  of  2,2'-diethyl- 
periacenaphthindane-1  :3-dione;  periacenaphthindanedione 
H2C  — CH2 

I         J 


melting    above    300°.* 

The  substance  regarded  by  Graebe'  as  acenaphthenequinone- 
imide  has  been  shown  by  A.  Schonberg  and  F.  Nedzati*  to  be 
acenaphthylene- 1 ,2-azine 

N 


Instances  in  which  melting  points  have  been  revised  are  5- 
aminoacenaphthene,  melting  at  104°  to  105°;*  5-acetylamino- 
acenaphthene,  melting  at  238°,''  for  192°  given  by  Sachs  and 
Mosebach;'  4-nitro-5-acetylaminoacenaphthene,  melting  at  255°* 

^  Ann.,  276  (1893),  9. 
8  Ber.,  64  (1921),  238. 
'Ibid.,  44  (1911),  2860. 
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for  253° ;»  4-nitro-5-aminoacenaphthene,  melting  at  222°;''  4- 
nitronaphthalene-l,S-dicarboxylic  anhydride,  melting  at  229° 
to  230°«  for  220°  given  by  Graebe.i» 

In  conclusion  it  may  be  pointed  out  that  the  reason  why  the 
literature  contains  such  a  variety  of  melting  points  for  certain 
derivatives  of  acenaphthene  is  that,  in  some  instances,  very 
numerous  recrystallizations  are  required  before  a  constant  melting 
point  is  obtained,  although  the  product  may  melt  quite  sharply 
after  each  crystallization. 


Frederick  M.  Rowe 


Dyestupfs  Research  Laboratory 
CoLi^EGE  OF  Technology 
Manchester,  Engi.and 
September  19.  1921 


"Ann.,  327   (1903),  77. 


The    Determination  of  Metallic  Aluminium 
and  Aluminium  Oxide  in  Com- 
mercial Metal 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  paper  of  the  above  title  in  the  September  nimiber  of 
This  Journal  warrants  comment  as  to  fundamental  premises, 
logical  development,  and  conclusions. 

The  density  of  hydrogen  is  assumed  in  the  paper  to  be  0.08994, 
whereas  the  universally  accepted  value  after  Morley  is  0.08987. 

Apparently  the  weight  of  aluminium  used  was  not  reduced 
to  the  "in  vacuo"  basis.  Adequate  evidence  is  not  adduced 
to  indicate  the  purity  of  the  hydrogen  gas  evolved  in  the  re- 
action. However,  it  is  in  that  portion  of  the  paper  headed 
"Data"  that  the  logical  development  of  the  author's  idea  may  be 
seriously   questioned. 

Column  1,  Table  I,  shows  the  results  obtained  when  it  is 
assumed  that  1  g.  of  "100  per  cent  pure"  aluminium  will  dis- 
place 1.24068  liters  of  hydrogen  (27.1  being  the  atomic  weight 
of  aluminium).  The  results  obtained  are  quite  at  variance  with 
what  the  author  expected.  Another  chemist  by  other  methods 
had  determined  the  aluminium  content  to  be  98.60  per  cent. 
The  author  of  the  paper  under  discussion  proceeds  to  accept 
these  results  of  the  other  chemist  and  seeks  to  make  his  own 
results  conform  to  them.  Since  the  author  finds  99.64  per  cent, 
he  assumes  that  the  hydrogen  equivalent  (1241)  employed  by 
himself  must  be  in  error.  He  then  solves  the  following  pro- 
portion for  X  (the  number  of  cc.  of  H  equivalent  to  1  g.  alumin- 
ium): 

X:1241  =  99.64:98.60 
X  =  1254.1 

Now  since  a  new  value  for  the  hydrogen  equivalent  of  aluminium 
is  obtained  which  confirms  the  other  chemist's  analysis,  it  is 
stated  that  a  new  atomic  weight  of  26.81  is  indicated  for  alumin- 
ium. However,  there  is  a  failure  to  state  that  the  value  of  98.60 
per  cent  found  by  the  other  chemist  depends  upon  the  atomic 
weight  of  aluminium  being  27.1.  If  this  chemist  had  used  26.81 
as  the  atomic  weight  of  aluminium  instead  of  27.1,  he  would  have 
reported  98.36  per  cent  as  the  metallic  aluminium  content  of 
the  sample  in  place  of  98.60  per  cent  actually  reported.  This 
in  turn  would  lead  the  author  of  the  paper  under  discussion  into 
further  difficulties,  and  he  must  perforce  adopt  still  another  value 
for  the  atomic  weight  of  aluminium. 

The  author's  statement  that  1  g.  of  aluminiinn  will  displace 
1254.1  cc  of  hydrogen  by  reaction  with  a  suitable  reagent  implies 
an  atomic  weight  of  20.81  for  aluminium.  Since  the  author 
used  as  a  basis  of  his  calculation  an  analysis  depending  upon  the 
atomic  weight  of  aluminium  being  27.1,  we  are  forced  to  the  con- 
clusion that  the  proposed  value  of  26.81  is  somewhat  doubtful. 


depending  as  it  does  on  the  assumption  that  the  atomic  weight 
is  27.1. 

The  author  has  adduced  no  evidence  to  the  effect  that  the 
accepted  value  for  the  atomic  weight  of  aluminium  is  in  error. 
ConsequenUy,  since  the  accuracy  of  his  method,  i.  e.,  the  con- 
formity of  his  results  to  those  obtained  by  Rhodin,  hinges  on 
26.81  being  the  atomic  weight  of  aluminium,  we  are  forced  in- 
evitably to  the  conclusion  that  the  proposed  method  is  unsound 
or  that  Rhodin's  analysis  is  incorrect,  or  that  both  are  in  error. 

As  a  matter  of  interest  it  may  be  pointed  out  that  if  the  author's 
data  for  Run  106  are  recalculated  on  the  assumptions  that  the 
density  of  hydrogen  is  0.08987,  that  the  atomic  weight  after 
Richards  and  Krepelka  is  26.963,  and  that  the  sample  weight 
should  be  reduced  to  "in  vacuo,"  we  find  a  metallic  aluminium 
content  of  99.05  per  cent.  Again,  if  we  summate  Rhodin's 
analytical  results  for  impurities  other  than  AI2O3  we  find  them 
to  total  0.95,  which  gives  metallic  aluminium  content  by 
difference  of  99.05  per  cent. 

The  author  has  not  established  the  fact  that  oxide  in  metal 
is  a  serious  problem,  and  no  serious  student  of  chemistry  can 
agree  with  his  conclusion  that  he  has  devised  a  method  for  the 
accurate  estimation  of  metallic  aluminium  (and  of  oxide,  in- 
directly)  in  commercial  aluminium. 

H.  V.   Churchill 

Ai,uMiNUM  Company  of  America 

Pittsburgh,  Pa. 

September  20,  1921 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  author  frankly  admits  that  in  the  paper  under  discussion 
he  has  inadvertently  used  what  is  probably  a  less  accurate  value 
of  the  weight  of  a  liter  of  hydrogen  than  that  of  Morley,  that 
no  correction  was  made  of  weighing  to  the  "in  vacuo"  basis, 
and  that  he  failed  to  note  the  contradiction  involved  in  his  cal- 
culation of  a  new  atomic  weight  of  aluminium  from  data  based 
on  the  present  accepted  value  of  27.1. 

He  thanks  Mr.  Churchill  for  calling  his  attention  to  these 
matters  and  has  corrected  his  data  to  conform  to  the  suggested 
changes.  After  correcting  weighings  to  "in  vacuo"  basis,  using 
0.8987  as  the  weight  of  a  liter  of  Ho  and  27.1  as  the  atomic  weight 
of  Al,  he  obtains  the  figures  shown  in  Column  A  below,  which 
are  placed  along  with  Column  I  of  the  table  as  it  appeared  in  the 
paper  in  question. 


Run 

I 

A 

106 

99 

.64 

99 

,55 

108 

99 

.665 

99 

.57 

109 

99 

.66 

99 

,66 

no 

99 

.63 

99 

,53 

111 

99 

.63 

99 

,53 

112 

99 

,59 

99 

,49 

113 

99, 

,65 

99, 

55 

114 

99. 

,66 

99, 

56 

115 

99, 

,67 

99, 

57 

116 

99. 

64 

99. 

54 

117 

99. 

60 

99. 

50 

Av. 


99.54 


The  new  figures  are  0.1  per  cent  lower  than  the  former  ones, 
but  are  still  far  from  agreeing  even  with  the  total  aluminium  of 
the  metal  sample.  The  discrepancy  can  be  explained  as  due 
either  to  contamination  of  the  hydrogen  with  air,  to  large  errors 
in  the  analysis  of  the  metal  sample,  or  to  tlie  wrong  value  having 
been  used  (27.1)  as  the  atomic  weight  of  aluminium. 
^  With  regard  to  the  hydrogen,  such  evidence  as  has  been  pro- 
duced indicates  that  it  carries  no  more  gaseous  impurities  than 
were  present  in  the  apparatus  at  the  start  of  a  determination, 
to  which  attention  was  drawn  in  the  original  paper. 

The  analysis  of  the  metal  used  has  been  checked  in  this  labora- 
tory with  satisfactory  closeness,  considering  the  small  amount 
of  sample  which  was  at  hand,  so  that  there  is  no  doubt  of  the 
accuracy  of  the  original  analysis  of  Rhodin,  within  the  limitations 
of  the  methods  he  used. 
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The  author  believes  it  is  the  atomic  weight  of  aluminium 
which  is  at  fault.  Although  Mr.  Churchill  says,  "The  author 
had  adduced  no  evidence  to  the  effect  that  the  accepted  value 
for  the  atomic  weight  of  aluminium  is  in  error,"  it  is  of  interest 
to  note  that  in  Mr.  Chiu-chiU's  last  paragraph  but  one,  he  him- 
self has  to  use  a  value  other  than  the  accepted  one  in  order  to 
bring  the  "metallic  aluminium  content"  into  agreement  with 
the  figure  which  would  be  shown  if  aluminium  had  been  found 
by  difference. 

Since  the  publication  of  this  article  some  metal  of  much  higher 
purity  and  more  trustworthy  analysis  has  been  obtained,  against 
which  apparatus  and  method  are  to  be  checked  up. 

Julian  H.   Capps 
Bureau  of  Mines  Experiment  Station 
Pittsburgh,  Pennsylvania 
October    31,    1921 


Volume  Increase  of  Compounded  Rubber  un- 
der Strain,  and  Recent  Development  in 
the  Art  of  Rubber  Microsectioning — 
Correction 

In  the  articles  by  Henry  Green  of  the  above  titles,  appearing 
in  the  November  and  December  1921  issues  of  This  Journal, 
the  following  errors  occur: 

Page  1030,  1st  column,  3rd  line  from  bottom,  "microscopi- 
cally" should  read  "macroscopically." 

2nd  column,  3rd  line  from  bottom,  V  =  4/3jr  a  X  a  X  a 
should  be  written  V  =  4/3  a  X  a  X  a 

Page  1131,  1st  column,  line  14,  Fig.  1,  n  should  read  Fig.  1,  o; 
line  18,  o  should  be  n. 

Page  1132,  2nd  column,  line  2,  "sulfur  dioxide"  should  read 
"sulfur  chloride." 


SCIENTIFIC   SOCIETIES 


Fourteenth  Annual  Meeting  of  the  American 
Institute  of  Chemical  Engineers 

The  keynote  of  the  meeting  held  at  Baltimore,  Md.,  December 
6  to  9,  1921,  was  very  obviously  Gas  Warfare  and  Chemical  Pre- 
paredness. Most  of  the  papers  were  on  this  general  subject  and 
the  best  attended  and  most  interesting  excursion  was  that  to 
Edgewood  Arsenal  on  the  second  day  of  the  meeting. 

The  meeting  opened  on  Tuesday  morning  at  9:15  at  the 
Emerson  Hotel  with  President  David  Wesson  in  the  chair.  The 
entire  morning  was  devoted  to  a  business  session.  The  secretary 
reported  the  total  membership  as  529,  an  increase  of  74  during 
the  year.  To  meet  the  high  cost  of  printing  an  assessment  of 
$5.00  for  active  members  and  $2.50  for  junior  members  had 
been  voted  by  the  Council  for  the  coming  year.  After  discussion 
the  decision  was  reached  not  to  make  a  permanent  increase  in 
dues.  The  Council  also  reported  an  amendment  to  tlie  Con- 
stitution providing  for  Student  Chapters  similar  to  those  affiliated 
with  other  engineering  societies.  By  another  resolution  pro- 
vision was  made  for  the  organization  of  local  sections  of  the 
Institute. 

Arthur  D.  Little,  chairman  of  the  Committee  on  Chemical 
Engineering  Education,  presented  a  very  carefully  prepared 
study  of  the  courses  in  Chemical  Engineering  offered  in  all  the 
technical  schools  and  universities  of  the  United  States.  Print- 
ing of  this  report  was  authorized,  as  was  also  the  calling  of  a 
meeting  of  representatives  of  all  institutions  offering  courses  in 
Chemical  Engineering,  for  the  purpose  of  securing  greater  uni- 
formity  in   courses  offered. 

The  Committee  on  Atmospheric  Pollution  rendered  a  final 
report  on  pollution  arising  from  sulfur  dioxide  fumes,  stating 
ihat  this  problem  had  been  solved  by  the  investigation  carried 
out  by  Dr.  P.  J.  O'Gara,  head  of  the  Department  of  Agriculture 
and  Smelter  By-Products  Investigation  of  the  American  Smelt- 
ing and  Refining  Co.,  Salt  Lake  City,  Utah.  The  results  of 
this  investigation  will  be  published  in  the  near  future. 

The  election  of  officers  for  the  coming  year  resulted  as  follows: 
Henry  Howard,  president;  H.  S.  Miner,  third  vice  president; 
John  C.  Olsen,  secretary;  F.  W.  Frerichs,  treasurer;  Chas.  F. 
McKenua,  auditor;  Wm.  H.  Bassett,  A.  C.  Langmuir,  Alfred 
H.  White,  and  A.  E.  Marshall,  directors.  By  advance  from 
second  and  third  vice  president,  A.  W.  Smith  became  first  vice 
president  and  Hugh  K.  Moore,  second  vice  president. 

The  summer  meeting  is  to  be  held  in  Buffalo  and  Niagara  Falls 
in  the  latter  part  of  June. 

The  most  important  resolutions  passed  were  the  following  on 
the  dye  situation: 


Whereas,  the  American  Institute  of  Chemical  Engineers  assembled  at 
its  annual  meeting  at  Baltimore,  December  8.  1921,  being  convinced  of  the 
necessity  of  the  embargo  on  dyes  and  synthetic  organic  chemicals  as  a 
measure  essential  for  national  defense  and  for  the  protection  of  the  American 
Chemical  Industry  and  holding,  contrary  to  the  belief  of  some,  that  this 
cannot  be  attained  and  regulated  even  by  a  very  high  protective  tariff. 

Therefore  it  hereby  directs  its  officers  to  present  this  situation  and  this 
conclusion  of  the  -American  Institute  of  Chemical  Engineers  to  its  repre- 
sentatives in  Washington. 

And  the  following  on  Chemical  Warfare: 

Be  it  resolved  by  the  American  Institute  of  Chemical  Engineers  in  con- 
vention assembled  in  Baltimore,  Md.,  December  8,  1921,  that  the  following 
be  sent  to  the  American  Delegation  to  the  Conference  on  the  Limitations  of 
Armaments,  the  Advisory  Committee  thereof,  and  to  our  Senators  and 
Representatives   in    Congress, 

The  campaign  for  the  abolition  of  the  use  of  gas  in  warfare  is  largely  based 
on    ignorance, 

As  Patriotic  Americans,  whose  training  and  experience  have  been  such  as 
to  enable  us  to  better  understand  such  technical  matters,  we  state  that 
chemical  warfare  is  now  much  more  humane  than  the  older  types.  It  is 
moreover  the  only  type  of  warfare  to  which  research  and  progress  oiler  an 
almost  certain  promise  of  becoming  still  more  humane, 

We  call  attention  to  the  fact  that  research  in  and  preparation  for  gas 
warfare  could  be  largely  conducted  secretly  by  an  unscrupulous  nation. 
The  manufacture  of  many  war  gases  is  part  of  peace  time  industry.  Effec- 
tive chemical  disarmament  is  therefore  impossible. 

In  case  of  a  life  and  death  struggle  between  powers,  we  believe  gases  will 
be  used,  as  gases  represent  real  progress  in  the  art  of  war,  and  you  cannot 
arrest  the  hand  of  progress  by  rules  and  regulations, 

We  therefore  urge  for  the  proper  defense  of  our  country  the  imperative 
necessity  of  maintaining  our  Chemical  Warfare  Service. 

President  Wesson's  address  introduced  the  Symposium  on 
Chemical  Engineering  and  National  Defense.  In  a  paper  on 
"Explosives  and  Fertilizers,"  Prof.  Alfred  H.  White  emphasized 
the  urgent  necessity  of  providing  an  adequate  supply  of  fertilizers 
in  order  to  maintain  the  fertility  of  our  soils,  which  are  rapidly 
being  depleted.  Dr.  Raymond  F.  Bacon  pointed  out  the  hu- 
mane aspects  of  gas  warfare  and  the  impossibility  of  its  effective 
prohibition.  The  same  point  of  view  was  taken  by  Maximilian 
Toch  in  a  paper  on  "Chemistry  and  the  Next  War." 

In  discussing  "Fundamental  Research  in  Conservation  and 
Defense,"  Mr.  H.  E.  Howe  called  attention  to  a  number  of 
problems  of  fundamental  importance  which  await  solution. 
Dr.  Robert  M.  Yerkes  of  the  National  Research  Council  explained 
the  Research  Information  maintained  under  his  direction. 

In  "The  Chlorine  Industry  as  an  Essential  Factor  in  our 
National  Defense,"  Benjamin  T.  Brooks  reviewed  the  capacity 
of  the  United  States,  for  the  production  of  chlorine,  its  uses, 
storage  and  transportation.  Major  Edward  Holmes  gave  a 
similar  survey  of  the  lime  industry. 

In  "Some  New  Products  from  Petroleum,"  Prof.  J.  H.  James 
erported  the  results  of  a  number  of  experiments  on  the  distilla- 
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tion  of  low-grade  petroleum  products  under  oxidizing  conditions. 

A.  E.  Marshall  discussed  "Glass  as  a  Material  for  Chemical 
Use,"  describing  a  number  of  installations  in  which  this  material 
has  been  successfully  used  and  also  the  great  possibilities  for  the 
employment  of  a  glass  having  the  properties  of  pyrex.  In  his 
paper  on  "Regenerative  vaporation,"  W.  L.  Badger  presented 
a  historj'  of  the  attempts  to  utilize  low  pressure  steam  after  com- 
pression in  evaporators.  Professor  Badger  pointed  out  the 
many  difficulties  to  be  overcome  before  this  method  would  become 
commercially  profitable. 

Prof.  Cavalier  of  France,  exchange  professor  at  the  Johns 
Hopkins  University,  read  a  paper  on  the  "Developments  of  the 
Chemical  Laboratories  in  France,"  and  showed  a  number  of 
photographs  of  these  laboratories  under  working  conditions. 

At  a  joint  meeting  with  the  Maryland  Section  of  the  American 
Chemical  Society  at  the  Johns  Hopkins  University  on  Thursday 
evening.  Prof.  J.  C.  W.  Frazer  explained  the  results  obtained  in 
the  development  of  a  catalyst  by  which  carbon  monoxide  could 
be  oxidized  at  room  temperature  to  carbon  dioxide.  A  gas 
mask  had  been  developed  utilizing  this  material.  Prof.  R.  W. 
Wood  showed  a  number  of  very  interesting  and  very  amusing 
applications  of  ultraviolet  light. 

The  program  of  excursions  was  unusually  complete;  most  of 
the  chemical  industries  of  Baltimore  were  open  for  inspection. 
On  Wednesday  afternoon,  the  Curtis  Bay  industries  were  visited, 
including  the  plants  of  the  U.  S.  Industrial  Alcohol,  The  Ameri- 
can Refractories,  and  the  Davison  Chemical  companies.  The 
greatest  interest  was  shown  in  the  experimental  unit  for  drying 
air  by  means  of  silica  gel  and  the  freezing  of  water  in  a  vacuum, 
the  moisture  being  absorbed  by  silica  gel. 

More  than  200  took  the  trip  to  Edgewood  Arsenal.  The 
entire  morning  was  spent  in  inspection  of  the  large  installation 
of  Nelson  chlorine  and  caustic  cells,  the  multiple  effect  evapora- 
tors, the  gas  mask  factory,  and  the  very  extensive  research 
laboratories.  Luncheon  at  the  Arsenal  was  followed  by  an 
address  on  Chemical  Warfare  by  Brigadier  General  Amos  A. 
Fries.  After  luncheon  a  field  demonstration  of  all  forms  of  gas 
warfare  was  witnessed  with  the  greatest  interest  by  the  party. 

On  Friday  afternoon  a  number  of  visits  were  made  by  small 
groups  to  various  chemical  plants,  the  largest  party  inspecting 
the  large  plant  of  the  Baltimore  Copper  Works  and  the  plant 
of  the  Standard  Oil  Company.  At  the  latter  plant  the  greatest 
interest  was  shown  in  the  construction  and  operation  of  the 
improved  Burton  stills. 

The  social  features  of  the  meeting  included  a  "Get-Together" 
at  the  Engineers'  Club,  at  which  a  musical  program  was  rendered, 
followed  by  dancing  and  a  buffet  supper.  On  Wednesday 
evening  the  ladies  and  members  of  the  Institute  and  their  guests 
attended  a  theater  party  tendered  by  the  local  committee  and 
the  local  chemical  industries.  The  subscription  dinner  was 
held  on  Friday  evening  at  the  Hotel  Emerson. 

In  attendance  and  interest  the  meeting  was  the  best  which  the 

Institute  has  ever  held. 

J.  C.  OlsEn 
Polytechnic  Institute 
Brooklyn,  N.  Y. 


Officers  'of  the  Iowa  and  New  York  Sections 
of  the  A.  C.  S. 

The  officers  of  the  Iowa  Section  for  1922  are  as  follows: 
Chairman:  Edward  Bartow,  Iowa  City 
Vice  Chairman;  R.  W.  GUTciiELl.,  Cedar  Falls 
Secretary-Treasurer:  L.  Ciias.  Raikord,  Iowa  City 
Councilor:  J.  N.  Pearce,  Iowa  City 

The  recently  elected  olficeri  of  the  New  York  Section  are: 
Chairman:  Martin  Hill  Ittnkr 
Vice  Chairman:  C.  A.  Hrowne 
Secretary-Treasurer:  B.  T.  Brooks 

Executive  Committee: _R.  H.  McKEit,  Chas.  II.  Hertv,  J.  E.  Ti:ttPLB. 
H.  G.  Sidbbottom 


Mr.  Arthur  H.  Galhm 

The  following  Resolution  on  the  death  of  Mr.  Arthur  H. 
Gallun  has  been  adopted  by  the  Milwaukee  Section  of  the 
American  Chemicai,  Society. 

Whereas:  In  the  death  of  Arthur  H.  Gallun,  on  November 
9,  1921,  the  Milwaukee  Section  of  the  American  Chemical 
Society  recognizes  the  loss  of  one  of  its  most  valued  members, 
who  for  the  past  eight  years  strove  to  make  the  Section  an  in- 
strument of  service  for  the  general  good,  who  by  his  substantial 
support  assured  the  success  of  the  work  of  its  Library  Committee, 
who  was  quick  to  aid  the  deserving  and  needy,  who  was  active 
in  the  organization  of  the  Leather  Division  of  the  American 
Chemical  Society  and  had  labored  over  plans  for  a  tanning 
school  that  should  bring  about  the  cooperation  of  the  best  in 
both  chemistry  and  industry,  who  was  a  staunch  supporter  of 
scientific  research  and  encouraged  the  laboratories  of  his  own 
plant  to ,  contribute  to  the  development  of  chemistry,  who 
generously  endowed  chemical  research  at  Columbia  University 
to  be  published  without  restriction,  and  who  was  a  man  much 
loved  and  admired  by  the  Section. 

Therefore,  be  it  resolved  that  the  Milwaukee  Section  of  the 
American  Chemical  Society  wishes  to  express  its  very  deep 
sorrow  on  the  loss  of  so  valued  a  member  and  benefactor  of 
science  and  to  extend  to  his  wife  its  most  sincere  sympathy. 


The  Birmingham   Meeting  of  the  American 
Chemical  Society 

The  date  at  which  the  e.3rd  Meeting  of  the  American  Chemicai, 
Society  will  be  held  in  Birmingham,  Alabama,  has  been  fixed 
as  April  4  to  7,  1922. 


The  Chairman  and  Secretary  of  the  Cellulose  Section  are 
carefully  considering  the  advisability  of  arranging  for  a  meeting 
of  that  Section  at  Birmingham  in  April.  The  South  is  prob- 
ably the  largest  cellulose-producing  section  of  the  country,  and 
it  should  therefore  be  possible  to  have  an  enthusiastic  meeting 
to  listen  to  and  discuss  papers  on  cellulose  and  its  derived  prod- 
ucts. It  is  requested  that  anyone  planning  to  present  a  paper 
before  this  Section  advise  the  secretary  at  once,  even  though 
the  exact  title  may  not  be  available  until  later.  This  request 
is  made  so  that  it  can  be  ascertained  whether  a  sufficient  number 
who  are  interested  in  cellulose  plan  to  attend  the  Birmingham 
Meeting  of  the  Society  to  warrant  holding  a  meeting  of  the 
Cellulose  Section.  The  secretary's  address  is  Gustavus  J. 
Esselen,  Jr.,  248  Boylston  St.,  Boston  17,  Mass. 


Nichols  Medal  for  1921 

The  Committee  on  the  Nichols  Medal  Award  met  December  16 
and  decided  not  to  award  the  medal  for  1921.  The  retiring 
committee  recommends  to  the  1922  committee  that  the  last 
four  numbers  of  the  Journal  of  the  American  Chemical  Society, 
which  were  not  before  them,  be  considered  as  a  part  of  the  1922 
chemical    literature. 


Calendar  of  Meetings 

American  Institute  of  Mining  and  Metallurgical  Engineers- 
Spring  Meeting,  New  York,  N.  Y.,  week  of  February  20,  1922. 

American  Ceramic  Society— 24th  Annual  Meeting,  St.  Louis, 
Mo.,  February  27  to  March  2,  1922. 

American  Chemical  Society— 63rd  Meeting,  Birmingham, 
Ala.,  April  4  to  7,  1922. 


A.  C.  S.  Officers  for  1922 

The  newly  elected  officers  of  the  Society  are: 
President:  Edgar  F.  Smith. 
Directors:  M.  C.  Wiutaker,  W.  R.  Whitney. 
Councilors-al-large:  A.  M.  Comey,  E.  C.   Franklin,   W.   D. 
Harkins,  W.  Lee  Lewis. 
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WASHINGTON  LETTER 


By  Watson  Davis,  1418  Rhode  Island  Ave.,  Washington,  D.  C. 


The  Reduction  of  Armaments  Conference 

The  Far-Eastern  situation,  one  of  the  most  important  problems 
of  the  Washington  conference,  has  been  clarified,  if  not  settled 
for  the  next  ten  years,  by  the  Four-Povfer  Treaty  between  the 
United  States,  England,  France,  and  Japan,  which  the  Senate 
has  already  begim  to  debate.  The  reduction  of  armaments 
proposal  made  by  the  American  delegation  seems  to  be  near 
acceptance. 

Chemical  warfare,  however,  has  not  yet  been  considered  by 
the  conference  itself,  although  the  committee  of  technical 
advisers,  which  considered  chemical  warfare  and  made  studies 
for  the  delegates  to  the  conference,  has  practically  finished 
its  work.  This  committee  consisting  of  Dr.  Edgar  F.  Smith, 
President  of  the  American  Chemical  Society,  chairman; 
Brig.  Gen.  Amos  A.  Fries,  Chief  of  the  Chemical  Warfare  Ser- 
vice, U.  S.  A.;  Col.  W.  H.  Bartholomew,  Great  Britain;  Prof. 
Charles  Moureu  and  Prof.  A.  Mayer,  France;  Lieut.  Col.  N. 
Pentimalli,  Italy:  Maj.  Gen.  H.  Haraguchi,  Japan,  has  made 
its  report  to  the  heads  of  delegations  but  its  recommendations 
probably  will  not  be  made  public  for  at  least  a  week. 

While  it  is  generally  believed  that  the  report  of  the  technical 
committee  on  chemical  warfare  is  favorable  to  that  mode  of 
fighting,  current  press  reports  state  that  it  is  understood  that 
the  complete  abandonment  of  all  forms  of  chemical  warfare  has 
been  recommended  to  the  American  Arms  Conference  delega- 
tion by  its  official  Advisory  Committee.  The  Associated  Press 
report  says:  'The  Advisory  Committee  report  was  drawn  by 
General  Pershing  and  there  is  some  intimation  that  it  does  not 
reflect  the  views  of  all  other  high  army  officials.  In  general, 
army  officers  are  inclined  to  believe  that  poison  gas  or  any  other 
form  of  chemical  warfare  should  be  treated  as  any  other  military 
weapon."  It  is  regarded  as  possible  that  the  question  of  chem- 
ical warfare  will  not  come  directly  before  the  conference,  but  that 
it  will  be  referred  to  a  continuing  commission  for  study  after 
the   conference   adjourns. 

The  Senate  Dyestuffs  Investigation 

The  dyestuffs  industry  in  the  United  States  and  the  activi- 
ties of  importers  of  German  dyestuffs  will  be  investigated  by 
the  Senate  Committee  on  the  Judiciary  as  the  result  of  a  resolu- 
tion introduced  by  Senator  King  of  Utah,  and  passed  by  the 
Senate.  The  resolution  directs  the  investigation  of  the  alleged 
lobbying  activities  of  both  the  American  and  German  dye  manu- 
facturers. As  originally  introduced,  it  was  directed  at  only  the 
alleged  American  dyestuffs  monopoly,  but  the  insistence  of 
Senator  Frelinghuysen  of  New  Jersey  led  to  the  inclusion  of  the 
importers  of  German  dyestuffs.  He  charged  that  Germany  is 
seeking  by  secret  means  to  regain  her  control  of  the  American 
dyestuffs  market,  and  that  a  "carefully  organized  and  strongly 
financed  movement"  is  at  work  to  this  end.  He  urged  a  per- 
manent embargo  against  German  dyestuffs,  and  said  that  al- 
ready there  are  in  New  York  waters  ships  loaded  with  the  Ger- 
man product  waiting  to  unload,  once  the  embargo  provided  for 
in  the  Emergency  Tariff  law  is  removed. 

Senator  Moses,  in  supporting  the  original  King  resolution, 
showed  a  large  map  with  a  circle  containing  the  word  "du  Pont" 
located  at  Wilmington,  Delaware.  With  radiating  spider-like 
lines  from  this  circle,  he  diagramed  his  conception  of  the  extent 
of  the  control  exercised  by  the  alleged  American  dye  monopoly. 

"Representatives  of  the  du  Pont  interests,"  said  Senator 
Moses,  "are  connected  with  the  League  of  Nations,  the  adminis- 
tration of  the  Versailles  Treaty,  the  office  of  the  Alien  Property 
Custodian  and  other  organizations."  He  also  implicated  various 
scientific  societies  and  research  organizations  in  and  out  of 
the  Government. 

Suspension    of    Publication    of    Government    Periodicals 

A  group  of  important  scientific  periodicals  of  the  Depart- 
ment of  Agriculture  have  suspended  publication  owing  to  the 
failure  of  Congress  to  give  specific  authority  for  their  continuance 
after  December  1,  the  date  set  by  a  provision  of  the  Sundry 
Civil  Act  of  March  4,  1921,  for  the  suspension  of  all  government 
department  periodicals  except  those  approved  by  Congress 
prior  to  December  1. 

A  resolution  empowering  the  Congressional  Joint  Committee 
on  Printing  to  authorize  the  continuance  or  discontinuance  of 
these  periodicals  passed  the  Senate  but  did  not  come  to  a  vote 
in  the  House  before  the  adjournment  of  the  last  session  of  Con- 


gress. Therefore  some  forty-one  publications  issued  by  the 
government  departments  suspended  publication,  in  most  cases 
without   even   the   customary   obituary   notice. 

From  a  scientific  standpoint,  of  those  that  are  suspended, 
four  Department  of  Agriculture  publications  are  the  most  im- 
portant: The  Experiment  Station  Record,  The  Journal  of  Agri- 
ctiltutal  Research,  the  Monthly  Weather  Review,  edited  from  the 
Weather  Bureau,  and  Public  Roads.  Four  other  Department 
of  Agricultiu-e  periodicals  were  doing  a  real  ser\'ice.  The  Weekly 
News  Letter  kept  the  106,000  collaborators  and  employees  of  the 
department  in  touch  with  its  activities  and  served  to  take  current 
information  to  those  especially  interested  in  agriculture.  Weather 
data  were  carried  promptly  by  the  weekly  National  Weather 
and  Crop  Bulletin.  The  weekly  Market  Reporter  and  the  Monthly 
Crop  Reporter  went  to  those  interested  in  agricultural  statistics. 

By  the  suspension  of  the  fortv-one  periodicals,  it  has  been 
estimated  that  from  SoOO.OOO  to  51,000,000  will  be  saved  each 
year.  But  scientists  feel  that  this  is  false  and  mistaken  economy. 
It  is  not  inconceivable  that  even  the  temporary  suspension  of 
the  quartet  of  periodicals  mentioned  may  cause  a  much  greater 
loss  to  the  country  than  the  supposed  saving  on  the  entire  forty- 
one  periodicals. 

The  inability  to  publish  the  results  of  important  governmental 
researches,  even  excluding  the  suspension  of  the  scientific  period- 
icals, is  becoming  a  serious  situation.  Printing  appropriations 
of  practically  all  governmental  scientific  bureaus  have  been 
badly  cut  and  only  the  manuscripts  that  are  most  important 
can  be  published.  Even  these  are  usually  many  months  in 
appearing. 

Helium  as  a  Balloon  Gas 

The  flight  of  the  navy  dirigible,  C-7,  filled  with  helium, 
over  Washington  on  December  5  was  the  first  practical  test  of 
helium  as  a  balloon  gas  on  a  large  scale.  This  event  will  un- 
doubtedly prove  the  beginning  of  a  new  era  in  lighter-than-air 
aviation,  and  it  is  a  striking  climax  to  four  years  of  work  by 
government  chemists  and  engineers,  largely  directed  by  Dr. 
R.  B.  Moore  of  the  Bureau  of  Mines.  Helium  has  been  raised 
from  a  chemical  curiosity  to  a  practical  gas  which  surpasses 
hydrogen  by  being  absolutely  safe.  The  National  Advisory 
Committee  for  Aeronautics,  in  its  annual  report,  has  just  recom- 
mended that  the  Government  acquire  and  seal  for  future  use 
the  best  helium-producing  gas  fields,  that  the  development  of 
an  efficient  and  economical  process  for  the  extraction  and  re- 
purification  of  helium  be  continued,  and  that  the  Government 
inaugurate  without  delay  the  use  of  airships  inflated  with  helium. 

Annual  Departmental  Reports 

"The  past  jear  has  been  remarkable,"  says  Brig.  Gen.  Amos 
A.  Fries,  Chief  of  the  Chemical  Warfare  Service,  in  his  annual 
report  to  the  Secretary  of  War,  "for  the  growth  of  understanding 
of  the  fundamental  importance  of  chemistry  in  peace  and  war. 
With  that  growth  has  come  a  realization  that  the  activities  of 
peace  and  the  activities  of  war  are  no  longer  capable  of  com- 
plete segregation."  He  pointed  out  that  chemical  warfare 
materials,  as  well  as  high  explosives,  are  fundamentally  bound 
up  with  the  synthetic  organic  chemical  industry. 

The  annual  report  of  the  Bureau  of  Chemistry  of  the  Depart- 
ment of  Agriculture  tells  of  the  work  that  has  been  done  in  study- 
ing processes  used  in  industries  related  to  agriculture.  Some  of 
the  problems  reported  upon  are:  Making  adhesives,  cellulose, 
furfural,  etc.,  from  corncobs;  manufacturing  starch  from  pota- 
toes; manufacturing  a  palatable  sirup  from  the  sweet  potato; 
utilizing  waste  oranges  and  lemons;  improving  methods  of  tan- 
ning and  testing  leather;  manufacture  of  rosin  and  turpentine; 
and  study  of  the  laws  that  govern  the  chemical  reactions  em- 
ployed in  the  dye  industry. 

The  annual  report  of  the  Commissioner  of  Patents  for  the 
fiscal  year  ending  June  30,  1921,  shows  an  increase  of  34  per  cent 
in  the  number  of  applications  and  an  increase  of  85  per  cent  in 
trade-mark  applications.  There  were  at  the  end  of  the  fiscal 
year  49,334  patents  awaiting  action  out  of  a  total  number  of 
applications  of  84,248.  It  also  showed  that  the  office  had  lost 
163  scientifically  and  legally  trained  examiners,  some  of  whom 
have  been  replaced  by  inexperienced  men.  The  report  as  a  whole 
pictured  the  deplorable  condition  of  the  Patent  Office. 

A  new  division  in  the  Department  of  Commerce  has  been  es- 
tablished to  consider  simplified  commercial  practices.  It  will 
be  a  subdivision  of  the  Bureau  of  Standards,  with  William  A. 
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Durgin  of  Chicago  in  charge.  The  work  of  the  division  will  be 
devoted  entirely  to  the  elimination  of  waste  as  applied  to  com- 
mercial practices. 

According  to  the  latest  figures  there  is  a  better  trend  in  chem- 
ical exports  of  this  conntry.  but  the  volume  of  commodities  in 
this  group  which  are  going  abroad  is  still  one-third  of  the  volume 
for  the  corresponding  period  of  a  year  ago.  With  the  possi- 
bility of  tariff  legislation  there  has  been  a  decided  increase  in 
the  imports.  The  volume  of  trade,  however,  is  still  very  much 
less  than  it  was  a  year  ago. 

The  Senate  Finance  Committee  is  at  present  considering  in- 
dividual schedules  of  the  Tariff  Bill  and  will  continue  to  do  so 
until  some  time  next  month.  Further  action  on  the  chemical 
phases  of  the  tariff  cannot  be  expected  until  then  or  later. 


It  is  believed  here  that  the  Secretary  of  War  will  recommend 
to  Congress  favorable  action  on  Henry  Ford's  proposal  to  develop 
Muscle  Shoals  and  that  Congress  will  receive  the  definite  plan 
shortly. 

The  Tariff  Commission  has  been  requested  by  the  Senate 
Finance  Committee  to  jirepare  for  its  use  a  volume  similar  to 
the  Summary  of  Tariff  Information  compiled  for  the  House 
Ways  and  Means  Committee  last  January. 

The  U.  S.  Geological  Survey's  Commercial  Atlas,  Part  II, 
will  be  issued  about  Jan.  1.  This  will  give  the  distribution  of 
developed  and  undeveloped  water  power  throughout  the  world. 
Part  III  will  deal  with  resources  of  mineral  fuels  and  Part  IV 
with  the  reserves  of  the  principal  metals. 
December  14,   1921 


LONDON   LETTER 


By  Stephen  Miai,u,  157_Haverstock  Hill,  Hampstead,  N.  W  3,  England 


Industrial  conditions  here  still  form  a  large  proportion  of 
our  thoughts,  and  we  have  now  all  made  up  our  minds  that  a 
recovery  is  beginning  and  will  be  very  slow  and  irregular  in  its 
growth.  In  this  country  and  probably  in  this  continent  we  can 
look  forvvard  to  another  year  of  poor  trade  and  much  unemploy- 
ment. But  all  this  is  part  of  the  natural  cycle;  riches  beget 
pride,  pride  begets  war,  war  begets  poverty,  poverty  begets 
industry,  industry  begets  riches,  and  so  on.  'We  are  now  in 
the  state  of  poverty  but  here  we  are  trying  to  live  within  our 
incomes  and  as  a  nation  we  shall  succeed  in  doing  it  this  year 
or  next  year  or  sometime.  Our  trouble  is  that  some  of  our 
neighbors  have  not  yet  got  so  far  as  we  have.  Russia  has 
•ceased  to  have  any  income,  Austria  has  so  overspent  her  income 
that  her  currency  is  bought  by  the  kilo,  Poland  can  hardly  buy 
anything  and  is  not  emerging  yet  from  its  considerable  impe- 
cuniosity  and  Germany,  formerly  our  best  or  nearly  our  best 
customer  in  many  industries,  seems  to  be  going  on  the  same 
path  as  Austria  and  Poland.  Before  the  war  Germany  did 
not  raise  enough  money  to  cover  her  national  expenditure, 
during  the  war  of  course  no  effort  was  made  to  do  this,  and  since 
the  armistice  she  has  probably  been  both  unable  and  unwilling 
to  make  the  attempt.  The  issue  of  paper  money  on  a  large 
scale  is  analogous  in  some  respects  to  the  issue  of  bonus  share 
certificates  by  the  company  which  is  not  very  prosperous,  and 
there  is  bound  to  come  a  time  either  in  six  months  or  some  other 
number  of  months  when  this  issue  by  Germany  must  stop. 
Five  years  ago  it  would  have  been  incredible  that  Russian  rubles 
should  be  worth  only  the  paper  they  were  printed  on,  and  I 
suppose  that  Germany  will  at  any  rate  stop  printing  marks 
when  it  costs  more  to  print  them  than  they  will  fetch.  The 
time  will  surely  come,  and  it  seems  to  many  of  us  not  very  far 
off,  when  the  government  of  that  country  will  find  it  impossible 
to  carry  on  with  the  present  financial  methods.  Then  there 
will  be  political  and  labor  troubles  and  Germany  will  find  her- 
self where  we  are  now — poor,  overtaxed,  and  faced  with  con- 
siderable unemployment.  She  is  having  her  trade  boom  now; 
we  had  ours  two  years  ago;  both  were  overdone  and  to  some 
■extent  unreal.  How  much  of  the  profit  or  loss  is  a  mere  question 
of  bookkeeping  is  hard  to  say.  Ten  years  ago  I  owned  ten 
houses  worth  £.300  each,  three  years  ago  they  were  worth  £i'>M 
each,  now  they  are  worth  £450  each.  Am  I  in  fact  any  richer 
than  I  was?  The  same  sort  of  delusion  goes  on  in  Germany 
at  the  present  time;  a  man  buys  a  ton  of  some  chemical  com- 
pound for  say  20,000  marks,  the  next  day  it  is  worth  22,000 
marks,  and  a  fortnight  afterward  .30,000  marks.  It  may  pass 
through  many  hands  and  everyone  concerned  makes  a  book- 
keeping profit,  and  he  and  all  his  friends  repeat  the  transaction 
to  the  utmost  of  their  means  and  to  their  entire  satisfaction.  It 
seems  as  if  the  only  way  of  avoiding  a  heavy  loss  in  Germany 
is  for  each  man  to  buy  goods  to  the  utmost  extent  of  the  credit 
he  has,  and  he  complacently  thinks  he  is  becoming  richer.  Surely 
one  of  these  days  they  will  wake  u])!  I  met  recently  in  Geneva 
at  the  International  Labor  Conference  some  Germans  whose 
expenses  were  about  £3  sterling  per  day  or  at  the  present  rate 
of  exchange  30,000  marks  per  day.  How  long  can  the  Germans 
continue  to  travel  in  other  countries?  Another  man  I  heard 
of  recently  sjicnt  a  holiday  in  Austria  and  had  hard  work  to 
spend  about  L'lO  in  three  weeks,  I  mean  he  had  to  order  expensive 
wines  and  luxurious  dishes.  We  have  become,  whether  we  like 
it  or  not,  a  collection  of  more  or  less  .self  supporting  slates,  and 
it  is  difficult  to  know  whether,  when  we  imjiose  duties  on  chemi- 


cals imported  from  Germany,  we  are  making  the  situation  worse 
or  merely  making  it  easier  for  people  to  endure  what  is  in  fact 
a  disagreeable  necessity. 

Organization  of  Fbderal  Council 

We  are  trying  to  do  here  what  you  seem  to  have  done  very 
efficiently  in  America,  that  is,  so  to  organize  British  chemistry 
that  chemist  as  a  whole  can  make  their  voice  heard  and  in- 
fluence felt.  The  Chemical  Society,  the  Society  of  Chemical 
Industry,  the  Association  of  British  Chemical  Manufacturers, 
the  Faraday  Society,  the  Public  Analysts,  the  Dyers  and  Color- 
ists  and  the  other  societies  have  appointed  representatives  to 
form  a  Federal  Council,  which  is  gradually  getting  into  working 
order.  But  it  is  too  recent  a  creation  to  make  its  influence  felt 
in  government  circles;  otherwise  the  Safeguarding  of  Industries 
Act — so  far  as  chemicals  are  concerned — would  have  been  very 
different.  This  country  professes  to  be  a  democracy  disguised 
as  a  monarchy;  it  is  in  fact  a  bureaucracy  mainly  recruited 
from  an  aristocracy;  the  officials  who  do  the  actual  governing 
are  usually  about  as  sympathetic  to  science  as  stockbrokers  or 
brigadier  generals.  In  Parliament  the  men  who  understand 
chemistry  and  its  needs  could  be  numbered  on  one's  fingers  and 
most  of  these  are  naturally  put  into  positions  where  their  knowl- 
edge will  not  be  liable  to  bias  their  views.  Thus  Sir  .Alfred 
Mond,  who  knows  a  good  deal  about  the  chemical  industry,  is 
in  charge  of  the  Ministry  of  Health;  if  Sir  Joseph  Thomson 
or  Sir  Ernest  Rutherford  were  successful  politicians  we  should 
probably  find  them  Colonial  Secretary  and  Director  of  Poor 
Law.  The  average  politician  seems  to  regard  the  chemist  as 
something  between  an  alchemist  and  a  druggist — a  clever  crank, 
to  be  listened  to  with  the  courtesy  the  government  official  is 
accustomed  to  display,  but  who  may  be  forgotten  so  soon  as 
his  back  is  turned.  The  Federal  Council  hopes  that  in  time  it 
may  be  able  to  keep  the  country  on  the  right  track  in  matters 
pertaining  to  chemistry. 
November  15,  1921 


Review  of  Scientific  Instruments 

A  number  of  scientists  have  felt  a  need  for  adequate  reviews 
and  descriptions  of  scientific  instruments.  For  some  months 
the  matter  has  been  discussed  by  those  interested,  including  the 
makers  of  apparatus,  the  National  Research  Council,  the  Bureau 
of  Standards,  and  the  Optical  Society  of  America. 

Arrangements  have  now  been  completefi  whereby  the  Journal 
of  Ihe  Optical  Society  of  America  will  add  to  its  name  "and  Re- 
view of  Scientifrc  Instruments,"  devoting  a  .section  to  such  re- 
views in  addition  to  its  regular  editorial  pages.  The  first  num- 
ber of  the  expanded  journal  is  to  appear  April  15,  1922,  and 
monthly   thereafter. 

Paul  D.  Foote,  Bureau  of  Standards,  is  editor-in-chief,  and 
F.  K.  Richtmyer,  Cornell  University,  assistant  editor-in-chief. 


The  Mineral  Potash  Corporation  has  been  chartered  under 
the  laws  of  Maryland  with  a  capitalization  of  $700,000  to  begin 
the  building  and  operation  of  a  jilant  for  the  manufacture  from 
powdered  feldspar  of  an  abrasive  for  polishing  metals,  enamels, 
and  household  goods.  The  lands  upon  which  the  feldspar  de- 
posits are  located  are  at  llchester,  Howard  County,  Maryland. 
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Joseph  William  Richards 

Joseph  William  Richards  was  bom  in  Oldbury,  Worcester- 
shire, England,  on  July  28,  1864.  He  came  to  this  country  in 
1871,  attended  the  public  schools  of  Philadelphia,  Pa.,  and 
subsequently  received  the  following  degrees  from  Lehigh  Uni- 
versity:   A.C.   (analytical  chemist)   in  1886;  M.S.  in  1891  and 

Ph.D.  in  1893.  In  1886 
and  1887  he  was  employed 
in  his  father's  metal  refin- 
ery at  Philadelphia,  after 
which  he  was  continu- 
ously employed  in  teach- 
ing at  Lehigh  Univer- 
sity up  to  the  time  of 
his  death.  He  was  one  of 
the  founders  of  the  Amer- 
ican Electrochemical  So- 
ciety; its  first  president, 
1902-3,  and  secretary 
1907-1921.  He  held  many 
offices  in  other  societies 
and  especially  in  the  Am- 
erican Institute  of  Mining 
and  Metallurgical  Engi- 
neers, with  which  he  was 
officially  connected  for 
J.  w.  Richards  more  than  a  dozen  years 


as  councilor,  director,  and  vice  president;  for  seven  years 
he  was  chairman  of  its  Iron  and  Steel  Committee.  He  was 
also  appointed  in  several  public  capacities,  such  as  member  of 
the  Engineering  Council,  Engineering  Foundation,  American 
Engineering  Standards  Committee,  Engineering  Division  of  the 
National  Research  Council,  Naval  Consulting  Board;  president 
of  the  Chemical  Section  of  the  Franklin  Institute  and  its  pro- 
fessor of  electrochemistry  for  three  years;  member  of  the  U.  S. 
Assay  Commission,  member  of  the  Jury  of  Awards,  Department 
of  Chemistr>',  National  Export  Exhibition,  Philadelphia;  mem- 
ber Jur\'  of  Awards  and  chairman  of  subjury  on  Metallurgy, 
Panama-Pacific  International  Exposition. 

His  most  important  books  were  a  "Treatise  on  Aluminum, '^ 
which  is  the  established  authority  on  this  subject  in  English, 
and  three  small  volumes  on  "Metallurgical  Calculations"  which 
have  been  translated  into  five  foreign  languages.  He  was  also- 
a  voluminous  contributor  to  technical  literature  by  monographs 
and  discussions. 

His  chief  interest  outside  of  his  professional  work  was  fond- 
ness for  travel,  a  sympathetic  taste  for  music  and  languages,, 
and  a  deep  interest  in  the  study  of  religious  and  philosophic 
subjects.  He  was  noteworthy  for  a  seemingly  tireless  capacity 
for  painstaking  work,  but  in  his  relations  to  others  he  exhibited 
always  a  gentlemanly  courtesy  and  an  unselfish  devotion  to 
upbuilding  the  interests  of  engineers  and  chemists. 

Bradley  Stoughton 


PERSONAL  NOTES 


President  Edgar  F.  Smith,  provost  emeritus  of  the  University 
of  Pennsylvania,  has  been  elected  an  honorary  member  of  the 
Societe  de  Chimie  Industrielle,  and  also  an  honorary  member 
of  the  Chemical,  Metallurgical  and  Mining  Society  of  South 
Africa. 

Sir  William  Pope  has  been  awarded  the  "Grande  MedaUle" 
and  Dr.  F.  G.  Cottrell  has  been  elected  an  honorary  member 
of  the  Societe  de  Chimie  Industrielle. 

Dr.  Ernest  Fox  Nichols  has  resigned  the  presidency  of  the 
Massachusetts  Institute  of  Technology  and  his  resignation 
has  been  accepted  by  the  executive  committee  of  the  corporation. 
His  decision  resulted  from  the  unfavorable  condition  of  his 
health.  Dr.  Elihu  Thomson,  of  Swampscott,  chief  consulting 
engineer  of  the  General  Electric  Company,  who  served  as  acting 
president  after  the  death  of  President  Richard  C.  Maclaurin 
in  January  1920,  has  again  been  appointed  to  that  position. 

Mr.  Reuben  L.  Lindstrom,  superintendent  of  the  Point  St. 
Charles  Plant,  Canadian  Steel  Foundries  Ltd.,  died  Dec.  12, 
1921,  at  his  home  in  Montreal.  He  left  the  Bettendorf  Co.. 
Bettendorf,  Iowa,  four  years  ago  to  become  metallurgist  with 
the  Canadian  Steel  Foundries  Ltd.,  a  position  which  he  filled 
until  appointed  superintendent  of  the  St.  Charles  Works  eighteen 
months  ago. 

Dr.  J.  A.  Gunton  has  been  appointed  head  of  the  chemistry 
department  in  Transylvania  College,  Lexington,  Ky.  Dr. 
Gunton  recently  received  his  doctorate  of  philosophy  from  the 
University  of  IlHnois. 

Mr.  Lauchlin  M.  Currie  resigned  as  research  chemist  with  the 
Hooker  Electrochemical  Company  at  Niagara  Falls  to  accept  a 
position  as  assistant  professor  of  mathematics  in  Davidson 
College,  Davidson,  N.  C. 

Mr.  Paul  R.  Dawson,  formerly  teaching  fellow  in  chemistry 
at  the  University  of  North  Carolina,  has  accepted  an  appoint- 
ment as  assistant  biochemist  in  the  Soil  Fertility  Investigations, 
Bureau  of  Plant  Industr>',  Washington,  D.  C. 

Mr.  W.  S.  Mahlie,  formerly  in  the  laboratory  of  the  Buckeye 
Steel  Castings  Co.,  Columbus,  Ohio,  is  at  present  employed  as 
chemist  and  bacteriologist  for  the  City  of  Fort  Worth,  Texas. 


Mr.  L.  C.  Humphrey  has  entered  the  graduate  school  at  the 

University  of  Minnesota,  Minneapolis,  Minn.,  and  will  take 
advanced  work  in  chemistry  toward  the  doctorate  degree.  He 
will  also  do  some  assisting  in  the  School  of  Chemistry.  Mr. 
Humphrey,  previous  to  September  1,  was  instructor  in  chemistry 
at  Montana  State  College,  and  was  also  in  charge  of  the  Montana 
Oil  Laboratory  at  Montana  State  College,  Bozeman,  Mont. 
'  Dr.  Austin  Bailey,  who  has  recently  been  employed  as  super- 
intendent of  the  apparatus  division  of  the  Corning  Glass  Works,. 
Coming,  N.  Y.,  has  resigned  his  position  to  accept  an  assistant 
professorship  in  the_^physics  department  at  Kansas  University ,^ 
Lawrence,  Kans. 

Mr.  R.  F.  Render,  formerly  assistant  chemist  in  the  nutri- 
tion department  of  the  Ohio  Agricultural  Experiment  Station,. 
Wooster,  Ohio,  now  holds  an  Industrial  Fellowship  at  the  Mel- 
lon Institute  of  Industrial  Research,  Pittsburgh,   Pa. 

Mr.  R'.  E.  Wilkin,  after  receiving  his  master's  degree  at  the 
University  of  Iowa,  Iowa  City,  Iowa,  resigned  his  assistant- 
ship  there  to  accept  a  position  as  instructor  in  chemistry  at 
Kansas  State  Agricultural  College,  Manhattan,  Kans. 

Mr.  John  Jos.  Gorrell,  who  has  been  connected  with  the 
Technical  Direction  Bureau  of  the  Aluminum  Company  of  Ainer- 
ica.  New  Kensington,  Pa.,  has  accepted  a  position  as  analytical 
chemist  ^vith  the  Cambria  Steel  Co.,  Johnstown,  Pa. 

Mr.  S.  G.  Byam,  chief  chemist  at  the  Fairfield  Rubber  Works 
of  E.  I.  du  Pont  de  Nemours  &  Co.,  has  resigned  from  that 
position  to  become  chief  chemist  with  entire  charge  of  the  techni- 
cal development  at  the  Plymouth  Rubber  Co.,  Canton,  Mass. 

Mr.  Parry  Borgstrom,  formerly  research  associate  at  the 
Research  Laboratory  of  Applied  Chemistry,  Massachusetts 
Institute  of  Technology,  Cambridge,  Mass.,  is  now  mstmctor 
in  physiological  chemistry,  Tulane  University  Medical  School, 
New   Orleans,    La. 

Mr.  John  H.  Waldo  has  left  Illinois,  where  he  received  his 
undergraduate  work  and  master's  degree,  to  assume  the  position 
of  assistant  professor  in  chemistry  and  physics  in  Momingside 
College,  Sioux  City,  Iowa. 
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Dr.  Clarence  J.  Monroe  recently  received  his  Ph.D.  degree 
from  the  University  of  Chicago,  Chicago,  111  ,  and  has  been 
appointed  assistant  professor  in  physical  chemistry  at  the 
Missouri  School  of  Mines  and  Metallurgy,  RoUa,  Mo. 

Mr.  Jas.  A.  HoUaday  was  recently  transferred  from  the  Niagara 
Works  of  the  Union  Carbide  and  Electro  Metallurgical  Com- 
panies to  take  up  work  with  the  Union  Carbide  &  Carbon  Re- 
search Laboratories,  Inc.,  Long  Island  City,  N.  Y. 

Mr.  Joseph  P.  Grennan,  head  of  the  department  of  chemistry 
in  the  Charles  M.  Schwab  Laboratories  at  St.  Francis  College, 
Loretto,  Pa.,  is  now  professor  of  analytical  chemistry  at  Gonzaga 
University,  Spokane,  Wash. 

Mr.  A.  C.  Reed,  who  resigned  as  assistant  materials  engineer 
from  the  Navy  Department,  Bureau  of  Construction  and 
Repair,  last  June,  now  holds  a  similar  position  with  the  de- 
partment of  maintenance  and  repair.  Emergency  Fleet  Cor- 
poration,  New   York   City. 

Mr.  Lincoln  T.  Work  has  been  appointed  instructor  in  chemical 
engineering  at  Columbia  University  for  the  year  beginning 
October  1.  Mr.  Work  completed  three  years  of  graduate  work 
in  this  department  at  Columbia  last  June. 

Miss  Omega  Hilton  has  discontinued  work  as  chemist  of  the 
American  Nitrogen  Products  Company  to  take  a  position  as 
instructor  in  pharmacy  at  the  University  of  Washington,  Seattle, 
Wash. 

Miss  Ruth  O'Brien  recently  returned  to  the  chemistry  de- 
partment of  Iowa  State  College,  where  she  is  associate  professor 
of  household  chemistry,  after  a  year's  leave  of  absence  which  was 
spent  working  under  Dr.  Stieglitz  at  the  University  of  Chicago. 

Mr.  D.  B.  Dill,  who  has  been  in  charge  of  the  San  Diego 
branch  of  the  Food  Research  Laboratory,  conducting  investiga- 
tions in  the  canning  of  fish  and  the  handling  of  fishery  by  products, 
has  accepted  a  transfer  to  tha  Food  and  Drug  Inspection  Labora- 
tory at  Seattle,  Wash.,  the  Food  Research  Laboratory  at  San 
Diego   having   been    discontinued. 

Mr.  L.  J.  Baney  is  at  present  superintendent  of  the  Briggs 
Chemical  Co.,  Amherst,  Ohio,  manufacturers  of  coal-tar  products, 
having  resigned  from  the  Chemical  Warfare  Service  at  Edge- 
wood  Arsenal,  Md. 


Mr.  Milton  R.  Louria,  who  completed  his  chemical  engineering 
course  at  Columbia  University  last  June,  has  been  appointed 
instructor  in  chemistry  at  the  University  of  Maine  for  the  cur- 
rent   year. 

Mr.  C.  L.  Hippensteel,  following  graduation  from  the  School 
of  Chemical  Engineering  of  Purdue  University,  Lafayette, 
Ind.,  last  June,  accepted  a  position  in  the  engineering  depart- 
ment of  the  Western  Electric  Co.,  New  York  City. 

Mr.  F.  H.  Tucker  has  become  associate  chemist  in  the  Bureau 
of  Public  Roads,  Washington,  D.  C,  having  been  connected 
with  the  Chile  Exploration  Company  for  the  past  year  as  re- 
search chemist  in  their  New  York  laboratory. 

Dr.  Walter  A.  Lawrence,  associate  professor  of  chemistry 
at  McMaster  University,  Toronto,  has  been  appointed  professor 
of  chemistry  and  head  of  the  department  at  Bates  College, 
Lewiston,    Me. 

Mr.  C.  W.  Botkin,  who  has  been  doing  research  on  the  re- 
fining of  shale  oil  at  the  Colorado  School  of  Mines  for  the  past 
fifteen  months,  has  accepted  a  position  as  head  of  the  chemistry 
department  in  the  New  Mexico  College  of  Agriculture  and 
Mechanic  Arts,  State  College,  N.   M. 

Mr.  E.  Wertheim,  formerly  a  graduate  student  at  the  Univer- 
sity of  Chicago.  Chicago,  111.,  has  been  appointed  associate 
professor  of  organic  chemistry  at  the  L'niversity  of  Arkansas, 
Fayetteville,  Ark. 

Mr.  Fred  J.  Allen  recently  received  his  M.S.  degree  from 
Purdue  University  and  has  returned  to  Corvallis,  Ore.,  after  a 
leave  of  absence,  to  resume  his  work  as  instructor  in  the  chem- 
istry department  of  the  Oregon  Agricultural  College. 

Mr.  William  U.  Gallaher  has  been  appointed  chemist  at  the 
Illinois  State  Water  Survey,  Urbana,  111.,  with  the  opportunity 
of  pursuing  further  study  at  the  University  of  Illinois.  Mr. 
Gallaher  received  his  degree  of  Master  of  Science  from  the 
University  of  Iowa  last  spring. 

Mr.  Frank  Henry,  formerly  with  the  Dunlop  Tire  and  Rubber 
Corp.,  Buffalo,  N.  Y.,  is  at  present  with  the  Rochester  Gas  and 
Electric  Corp.,  Rochester,  N.  Y.,  where  he  is  doing  research 
(chemical)  work  mainly  on  gas  plant  problems. 


INDUSTRIAL  NOTES 


The  executors  of  the  estate  of  John  C.  Wiarda  have  sold  the 
assets  of  their  chemical  manufacturing  and  jobbing  business 
to  Howard  B.  Bishop  of  101  Park  Ave.,  New  York,  who  will 
continue  the  business  under  the  name  of  John  C.  Wiarda  & 
Co.,  Inc.,  and  will  enlarge  and  extend  the  manufacturing  and 
jobbing  facilities. 

A  special  faculty  research  committee  has  been  organized  at 
Oberlin  College  to  cooperate  with  the  National  Research  Council. 
Dr.  S.  R.  Williams,  head  of  the  department  of  physics,  is  chair- 
man, while  other  members  include  members  of  the  departments 
of  mathematics,  sociology,  psychology,  chemistry,  and  geology. 

The  main  building  of  the  Heyden  Chemical  Works  plant  at 
Garfield,  N.  J.,  was  destroyed  by  fire  on  December  12,  1921, 
causing  the  death  of  four  men  and  injuring  several  more.  The 
fire  was  the  result  of  an  explosion,  and  within  a  few  minutes 
the  building  was  a  mass  of  flames  which  spread  to  half  a  dozen 
other  buildings  and  threatened  nearby  tanks  of  alcohol  and  ex- 
plosive materials.  The  damage  is  estimated  at  more  than  $200,- 
000.  The  plant  was  sold  by  the  Alien  Property  Custodian  about 
two  years  ago  and  purchased  by  A.  A.  Ryan  for  $1,500,000. 

A  huge  pile  of  lava  rock  at  Husum,  Washington,  which  had 
for  years  harbored  numbers  of  rattlesnakes  was  cleared  recently 
by  the  use  of  mustard  gas.  The  gas  was  freed  in  the  porous 
formation  through  150  ft.  of  garden  hose  and  within  half  an  hour 
the  snakes  blinded  and  half  dead  came  out  and  were  killed. 
Other  communities  have  requested  the  gas  for  the  same  purpose. 

The  Dosch  Chemical  Co.,  organized  in  Delaware  with  a 
capital  of  $2,500,000,  has  purchased  the  property  of  the  Bern- 
heim  Distilling  Co.,  at  Louisville,  Ky.,  and  will  establish  a  large 
insecticide  and  spraying  plant.  The  plant  is  to  have  four  de- 
partments—manufacturing, research,  public  service,  and  ad- 
vertising. Between  12,000,000  and  20,000,000  lbs.  of  low-grade 
tobacco  will  be  used  annually.  A  Large  variety  of  preparations 
used  by  agricultm-ists  and  horticulturists  are  to  be  produced, 
in  addition  to  dusting  machines  and  other  equipment  required 
in  the  use  of  insecticides.  It  is  believed  the  plant  will  begin 
operations  in  January. 


The  building  of  the  Calco  Chemical  Co.,  at  Eggers'  Station, 
N.  J.,  was  destroyed  by  fire  recently,  with  an  estimated  loss  of 
$50,000. 

Statistics  compiled  by  The  Engineering  Agency  show  that 
the  number  of  inquiries  for  technical  help  in  manufacturing 
construction,  industrial  and  commercial  work  steadily  decreased 
from  February  1920  to  June  1921,  reaching  a  minimum  in  June, 
since  when  there  has  been  a  slow  but  comparatively  steady 
increase.  During  the  declining  period  many  employers  were 
forced  to  cancel  their  inquiries  because  of  the  falling  off  of  their 
work,  but  since  June  there  have  been  very  few  canceled  inquiries. 

After  intensive  research,  the  National  Aniline  and  Chemical 
Company  has  established  a  rubber  laboratory  which  will  co- 
operate through  consultation  and  advice  with  rubber  factories. 
Through  the  efforts  of  this  laboratory  the  National  will  be  able 
to  present  products  definitely  standardized  and  especially 
adapted  to  rubber  compoundings. 

The  Morris  Fertilizer  Company  of  Chicago  has  completed 
till*  construction  and  equipment  of  a  modern  high-grade  hy- 
draulic pebble  phosphate  mining  plant  at  Bartow,  Fla.,  where 
the  company  owns  over  2000  acres  of  high-grade  pebble  phos- 
phate running  unusually  low  in  its  content  of  iron  and  aluminium. 
The  company  will  specialize  in  the  mining,  washing,  and  diying 
of  the  material  for  export  through  the  port  of  Tampa.  Opera- 
tions have  already  been  begun  and  several  cargoes  have  been 
shipped  abroad.  A  complete  laboratory  and  corps  of  chemists 
are  maintained  in  order  to  have  at  all  times  analytical  control 
of  the  rock  mined  and  stored. 

The  Seydel  Manufacturing  Co.,  of  Jersey  City,  N.  J.,  has 
merged  with  the  Nitro  Products  Corporation,  Nitro,  W.  Va., 
to  form  the  Seydel  Chemical  Co.,  the  manufacturing  base  of 
which  will  be  located  at  Nitro.  The  general  offices  and  labora- 
tories of  the  new  company  will  be  located  at  Jersey  City.  Her- 
man Seydel,  president  of  the  Seydel  Mfg.  Co.,  is  president  of 
the  Seydel  Chemical  Co.;  the  other  officers  are  Paul  Seydel 
and  Frank  C.  Pitcher,  vice  presidents,  and  J.  B.  Pitcher,  for- 
merly president  of  the  Nitro  Proilucts  Co.,  secretary  and  treas- 
urer. 
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GOVERNMENT  PUBLICATIONS 


NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regular 
subscription  rate  for  these  Commerce  Reports  mailed  weekly  is 
$3.00  per  year,  payable  in  advance,  to  the  Superintentlent  of 
Documents. 

CONGRESSIONAL    COMMITTEES 

Metric  System.  Hearing  before  subcommittee  on  S.  2267, 
to  fi.\  metric  system  of  weights  and  measures  as  single  standard 
of  weights  and  measures  for  certain  uses.  October  11-13, 
1921.     Part    I.     50    pp. 

TARIFF  COMMISSION 
Tariff  Information  Surveys.     Revised  edition,   1921. 

C-16.  On  articles  in  paragraph  14.3  of  Tariff  Act  of  1913'and  related 
articles  in  other  paragraphs.  Aluminium,  magnesium,  calcium,  barium, 
sodium,  and  potassium,  ores,  metals,  and  manufactures.  80  pp.  Paper, 
5  cents. 

C— 17.  On  articles  in  paragraphs  144  and  145  of  Tariff  .\ct  of  1913  and 
related  articles  in  other  paragraphs.  Antimony,  antimony  alloys,  and 
antimony   salts.     76   pp.     Paper,    5    cents. 

C-21.  On  articles  in  paragraphs  132  and  153  of  Tariff  Act  of  1913  and 
related  articles  in  other  paragraphs.     Lead,     63  pp.     Paper,  5  cents. 

FL-21.  On  articles  in  paragraphs  518-537  of  Tariff  Act  of  1913  and 
related  articles  in  other  paragraphs.  Iron  ore,  pig  iron,  and  scrap.  103  pp. 
Paper,   10  cents. 

N-20.  On  articles  in  paragraph  367  of  Tariff  Act  of  1913  and  related 
articles  in  other  paragraphs.     Asbestos.     56  pp.     Paper,  5  cents. 

C-19.  On  articles  in  paragraphs  147-130  of  Tariff  .\ct  of  1913  and  re- 
lated articles  in  other  paragraphs.  Copper  and  copper  alloys.  100  pp. 
Paper,  10  cents. 

C-23.  On  articles  in  paragraph  153  of  Tariff  .\ct  of  1913  and  related 
articles  in  other  paragraphs.  Nickel  ore,  matte,  metal,  and  manufactures 
32    pp.      Paper,    5    cents. 

C-25.  On  articles  in  paragraphs  159  and  160  of  Tariff  Act  of  1913  and 
related  articles  in  other  paragraphs.     Quicksilver.     30  pp.  Paper,  5  cents. 

FL-a.  On  articles  in  paragraphs  403-40S  of  Tariff  .\ct  of  1913  and  related 
articles  in  other  paragraphs.  Arsenic  and  other  articles.  56  pp.  Paper, 
5  cents. 

FL-10.  On  articles  in  paragraphs  447-437  of  Tariff  Act  of  1913  and  re- 
lated articles  in  other  paragraphs.  Coal  and  coke.  56  pp.  Paper,  5 
cents. 

FL-20.  On  articles  in  paragraph  517  of  Tariff  Act  of  1913  and  related 
articles  in  other  paragraphs.  Platinum,  platinum  metals,  gold  and 
silver.  70  pp.    Paper,  5  cents. 

WAR  DEPARTMENT 

Air  Service 

Thermometers.  Laboratory  test  on  Hartmann  &  B»aun 
electric  thermometer.  Equipment  Section  Report.  4  pp. 
1921.  (Air  Service  Information  Circular,  Aviation,  3.  No. 
277,   October   1,    1921.) 

PUBLIC  HEALTH  SERVICE 

An  Occupational  Dermatoconiosis  among  Zinc  Oxide  Workers. 
J^A.  Turner.  Public  Health  Reports,  36  (November  4,  1921), 
2727-32.  The  following  conclusions  are  drawn  from  this  study: 
Zinc  oxide  is  considered  a  nontoxic  substance,  and  from  the  chem- 
ical analysis  it  is  evident  that  the  adulterating  substances  are 
in  insufficient  amount  to  be  harmful.  It  is  a  nonpoisonous 
material,  but  is  capable  of  acting  as  a  mechanical  conveyor  of 
bacteria.  The  zinc  oxide,  body  debris,  and  bacteria  are  forced 
into  the  sebaceous  glands,  distending  them.  This  action  is 
aided  by  free  perspiration  and  the  rubbing  together  of  two 
body  surfaces.  It  is  probable  that  the  presence  of  the  foreign 
substances,  and  the  increased  tension  due  to  the  retained  se- 
cretion, produce  sufiScient  irritation  of  the  gland  walls  to  allow 
an  invasion  of  the  bacteria  and  a  resulting  infection. 


The  Treatment  of  Leprosy  with  Chauhnoogra  Oil.  Public 
Health  Reports,  36  (November  11,  1921).  2769-70.  In  regard 
to  the  treatment  of  leprosy  with  the  ethyl  esters  of  chaulmoogra 
oil  it  is  stated  that  their  use  has  resulted  in  the  apparent  cure 
of  the  disease  in  a  considerable  number  of  cases,  but  whether 
these  "apparent  cures"  be  permanent  or  not  is  a  matter  which 
requires  time  to  determine.  The  results  have,  however,  led 
to  the  belief  that  a  therapeutic  agent  has  been  developed  which 
surpasses  in  value  everything  which  has  been  brought  forward 
up  to  the  present  time. 

DEPARTMENT  OF  THE  INTERIOR 

General  Land  Office 
Potash  Regulations  imder  Act  of  October  2,  1917.  .\pproved 
March  21,  191S.  Reprint  with  slight  changes,  1921.  Circular 
594.  21  pp.  The  circular  contains  rules  and  regulations  gov- 
erning the  issuance  of  permits  authorizing  exploration  of  public 
lands  for  potassium;  form  of  permit  authorizing  exploration 
of  public  lands  for  potassium;  regulations  pertaining  to  leases 
for  lands  containing  potash;  form  of  application  for  lease; 
form  of  lease  of  potash  lands;  regulations  for  permits  for  camp 
site  and  refining  works;  form  of  use  permit  for  camp  site  or 
refining  works;  patents  for  lands  containing  potash,  and  quotes 
in  full  the  act  authorizing  exploration  for  and  disposition  of 
potassium. 

GEOLOGICAL  SURVEY 

Iron   Ore,   Pig  Iron  and  Steel  in   1919.     E.   F.   Burch.'\rd. 

Separate  from  Mineral  Resources  of  the  L^nited  States,  1919, 
Part  1.  32  pp.  Published  October  14,  1921.  The  problem 
that  confronted  leaders  in  the  iron  and  steel  industry  in  the 
United  States  at  the  beginning  of  1919  was  readjustment  from 
war-time  to  peace-time  conditions.  Iron-ore  production  de- 
creased 13  per  cent,  a  decrease  of  1.6  per  cent  as  compared  with 
the  production  of  the  last  pre-war  normal  year. 

Zinc  in  1919.  C.  E.  Siebenthal  and  A.  Stolt,.  Separate 
from  Mineral  Resources  of  the  United  States,  1919,  Part  I. 
12  pp.  Published  October  1.3,  1921.  The  primary  zinc  produced 
from  domestic  ores  in  1919  was  valued  at  $66,032,000,  based 
on  the  average  selling  price,  as  compared  with  589,618,000  in 
1918 — a  decrease  of  26  per  cent.  The  quantity  decreased  8 
per  cent. 

Stone  in  1919.  G.  F.  Loughlin  and  A.  T.  Coons.  Separate 
from  Mineral  Resources  of  the  United  States,  1919,  Part  II. 
37  pp.  Published  October  18,  1921.  About  65,539,000  short 
tons  of  stone  were  sold  in  the  United  States  in  1919,  4  per  cent 
less  than  in  1918,  and  22  per  cent  less  than  in  1917.  The  total 
value  of  the  stone  sold  in  1919  was  $96,709,143,  a  value  greater 
than  any  previously  recorded. 

Feldspar  in  1920.  L.  M.  Beach.  Separate  from  Mineral 
Resources  of  the  United  States,  1920,  Part  II.  2  pp.  Published 
October  29,  1921.  The  quantity  of  feldspar  marketed  in  1920 
was  114  per  cent  greater  than  in  1919  and  53  per  cent  greater 
than   in    1918. 

Abrasive  Materials  in  1920.  L.  M.  Be.\ch  and  A.  T.  Coons. 
Separate  from  Mineral  Resources  of  the  United  States,  1920, 
Part  II.  5  pp.  Published  October  28,  1921.  The  following 
table  gives  the  value  of  all  abrasive  materials  consumed  in  the 
United    States,     1916-1920: 

1916  1917  191S  1919  1920 

Natural 

abrasives  $1,664,339  $2,385,165  $2,864,332  $2,887,90^  $4,299,812 
Artificial 

abrasives  2,935,909  8,137.242  6,940,000'  5,019,7792  6.269,084' 
Imports  .  .  .       555,850  812,303         1,187,632  2,237,077  4,425,409 

5,156,098     11,334,710      10,991,964        10,144,758=      14,994,305'- 
Exports..     4,4.52,741       6,621,884        6,056,242         6,138,366         7,025,621 
Apparent 
consump- 
tion          7,03,357       4,712,826        4.935.722         4,006,392         7,968,684 

^  Estimated  and  not  including  entire  production  during  second  half  of 
1918. 

'  Not  including  production  of  one  large  company. 

Mineral  Waters  in  1920.  W.  D.  Collins.  Separate  from 
Mineral  Resources  of  the  United  States,  1920,  Part  II.  6  pp. 
Published  October  29,  1921.  The  term  "mineral  water"  as  here 
used  applies  to  water  that  is  bottled  and  sold  in  its  natural  state 
or  only  slightly  altered  from  its  natural  state.  The  statistics 
given  refer  only  to  domestic  mineral  waters  that  have  been  sold. 
Three  uses  of  mineral  waters  are  recognized — table  use,  medicinal 
use,  and  use  in  the  manufacture  of  soft  drinks. 
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Gold  and  Silver  in  1919.  General  Report.  J.  P.  Dunlop. 
Separate  from  Mineral  Resources  of  the  United  States,  1919, 
Parti.  45  pp.  Published  Octol)er  31,  1921.  Domestic  smelters 
and  refiners  produced  2,918,628  fine  oz.  of  gold  and  56,tiS2,445 
fine  oz.  of  silver  from  domestic  sources  in  1919,  also  1)68,161 
fine  oz.  of  gold  and  57,806,123  fine  oz.  of  silver  from  foreign 
ores  and  bullion,  an  increase  of  101,275  oz.  of  gold  and  1,826,703 
oz.  of  silver  compared  with  the  corresponding  figures  for  1918. 
The  foreign  ores  came  mainly  from  Mexico,  Canada,  and  Peru. 

Gold,  Silver,  Copper,  and  Lead  in  South  Dakota  and  Wyoming 
in  1920.  Mines  Report.  C.  W.  Henderson.  Separate  from 
Mineral  Resources  of  the  United  States,  1920,  Part  I.  6  pp. 
Published  November  3,  1921.  The  ore  mined  and  treated 
■  yielded  in  recovered  gold  0.1668  oz.  or  S3. 45  a  ton,  as  compared 
with  S3.65  a  ton  in  1919.  The  mills  of  the  state  treated  1,356,079 
tons  of  ore,  which  yielded  as  bullion  §4,673,514  in  gold  and  87,- 
319  fine  oz.  of  silver,  valued  at  $95,178,  an  average  recovery  per 
ton  of  ?3.45  in  gold  and  0.064  oz.  in  silver,  as  compared  with 
S3.62  in  gold  and  0.086  oz.  in  silver  in  1919.  The  lead  produced 
in  South  Dakota  in  1920  was  19,735  lbs.  less  than  in  1919.  No 
gdld,  silver,  or  copper  was  produced  at  mines  in  Wyoming  in 
1920. 

Sand  and  Gravel  in  1920.  L.  M.  Beach.  Separate  from 
Mineral  Resources  of  the  United  States,  1920,  Part  II.  10  pp. 
Published  November  5,  1921.  In  spite  of  such  hampering 
conditions  as  an  insufficient  supply  of  cars,  the  high  cost  of 
transportation,  and  the  disorder  of  the  local  markets,  the  quantity 
of  sand  and  gravel  produced  in  the  United  States  in  1920  in- 
creased 16  per  cent  and  the  value  43  per  cent  over  1919. 

Lime  in  1920.  G.  F.  Loughlin  and  A.  T.  Coons.  Separate 
from  Mineral  Resources  of  the  United  States,  1920,  Part  II. 
11  pp.  Pubhshed  November  3,  1921.  Although  more  lime 
was  produced  in  1920  than  in  1919,  the  supply  was  not  large 
enough  to  meet  the  demand.  The  shortage  was  not  due  to  the 
inability  of  the  plants  to  increase  their  output  but  to  conditions 
beyond  the  control  of  the  lime  makers.  Nearly  all  lime  producers 
reported  higher  prices  in  1920  than  in  1919.  There  is  every 
reason  to  predict  better  prospects  for  the  lime  industry. 

Lead  in  1920.  General  Report.  C.  E.  Siebenthal  and 
A.  Stoll.  Separate  from  Mineral  Resources  of  the  United 
States,  1920,  Part  I.  11  pp.  Published  October  14,  1921. 
The  output  of  refined  lead  in  the  United  States  from  domestic 
ores  in  1920  was  476,849  short  tons,  valued  at  $76,296,000  at 
the  average  selling  price  of  pig  lead  in  New  York,  a  gain,  as 
compared  with  1919,  of  12  per  cent  in  quantity  and  of  70  per 
cent  in  value. 

Slate  in  1920.  G.  F.  Loughlin  and  A.  T.  Coons.  Separate 
from  Mineral  Resources  of  the  United  States,  1920.  Part  II. 
9  pp.  Published  October  12,  1921.  The  general  industrial 
conditions  in  the  slate  industry  in  1920  were  seemingly  somewhat 
better  than  in  the  three  or  four  preceding  years.  Prices  advanced 
for  all  slate  products  from  10  to  30  per  cent,  or  enough  to  cover 
advances  in  labor  and  coal.  The  total  quantity  of  mill  stock 
sold  in  1920  was  an  increase  of  33  per  cent  over  the  quantity 
sold  in  1919,  but  24  per  cent  less  than  that  sold  in  1913,  the 
record  year. 

Carbon  Black  Produced  from  Natural  Gas  in  1920.  E.  G. 
SiEVERS.  Separate  from  Mineral  Resources  of  the  United 
States,  1920,  Part  II.  5  pp.  Published  October  13,  1921. 
The  total  quantity  of  carbon  black  produced  from  natural  gas 
in  the  United  vStates  in  1920  decreased  1.4  per  cent  from  1919, 
notwithstanding  an  increase  in  the  number  of  plants.  In  1919 
the  plants  were  still  operating  at  or  near  full  capacity  on  account 
of  the  war,  but  since  normal  conditions  have  been  restored  the 
production  has  decreased.  The  output  in  1920  was  made  by 
19  producers.  The  prices  received  ranged  from  4  to  27  cents  a 
pound.  The  average  daily  production  in  1918  was  119,178 
lbs.;  in  1919,  142,621  lbs.;  and  in  1920,  140,608  lbs. 

BUREAU    OF    MINES 

Selected  Bibliography  of  OU  Shale.  Compiled  by  E.  H. 
Burroughs  and  M.  J.  Gavin.  Reports  of  Investigations. 
Serial   No.    2277.     66   pp.     Published    vSeptemlier    1921. 

The  Recovery  of  Unburned  Fuel  from  Boiler  Furnace  Refuse. 
Thomas  Eraser  and  H.  F.  Yancev.  Reports  of  Investigations. 
Serial  No.  2281.  3  pp.  Published  .September  19121.  It  is 
believed  that  the  recovery  of  unburned  fuel  from  boiler  furnace 
refuse  Ijy  the  use  of  concentrating  tables  would  pay  only  in 
large  plants.  Considering  the  present  freiglit  rates,  the  saving 
of  transportation  charges  on  fuel  recovered  at  the  jjlant  is  obvious. 
Experiments  conducted  by  washing  on  coal-washing  tables, 
however,  show  that  continuous  operation  of  a  one-table  unit 
would  be  possible  at  a  power  plant  producing  120  tons  of  refuse 
per    24    lirs. 


Natural    Gas-Gasoline    Blends.     D.    B.    Dow.     Reports    of 

Investigations.  Serial  No.  2279.  2  pp.  Published  September 
1921.  The  most  common  blending  material  now  used  in  the 
Mid-Continent  field  is  a  naphtha  ranging  in  gravity  from  50  °-52  " 
B.,  with  an  end-point  of  450°  F.  or  less. 

Hot  High-Nitrogen  Gas  in  a  Metal  Mine.  G.  E.  McElroy. 
Reports  of  Investigations.  Serial  No.  2282.  3  pp.  Pubhshed 
September  1921. 

The  Utilization  of  Waste  Slate  as  a  Filler.  Oliver  Bowles. 
Reports  of  Investigations.  Serial  No.  2283.  5  pp.  Published 
September  1921.  All  of  the  information  available  indicates 
that  waste  slate  may  be  used  to  advantage  as  a  filler  in  mechanical 
rubber  goods  and  in  some  classes  of  oilcloths,  floor  coverings, 
and  window  shades.  Apparently  it  is  not  adapted  for  use  in 
rubber  of  a  grade  used  in  automobile  tires.  For  plastic  roofing 
and  flooring  products  containing  coal  tar  it  has  long  been  in  use 
and  con.stitutes  a  very  satisfactory  filler. 

The  Determination  of  Oxides  of  Nitrogen.  V.  C.  Allison, 
W.  L.  Parker,  and  G.  W.  Jones.  Technical  Paper  249.  13 
pp.  Paper,  5  cents.  1921.  This  paper  describes  a  method  for 
determining  small  quantities  of  oxides  of  nitrogen,  other  than  N2O. 
It  has  been  developed  from  the  usual  procedure  of  water  analysis. 
With  a  250-cc.  sample  as  low  as  10  parts  of  oxides  of  nitrogen 
(other  than  N,0)  per  million  parts  of  air  can  be  determined  vdth 
an  accuracy  of  about  5  parts  per  million. 

Production  of  Explosives  in  the  United  States  during  the 
Calendar  Year  1920  with  Notes  on  Mine  Accidents  Due  to  Ex- 
plosives. W.W.Adams.  Technical  Paper  291.  44  pp.  Paper, 
5  cents.  1921.  The  production  of  explosives  in  the  United 
States  during  the  calendar  year  1920  showed  a  marked  recovery 
from  the  slump  in  1919.  The  production  (excluding  exports) 
was  537,9.54,750  lbs.,  an  increase  of  120,320,280  lbs.,  or  about 
29  per  cent,  as  compared  with  the  preceding  year.  Of  this 
47  per  cent  was  black  lalasting  powder,  43  per  cent  high  explosives 
other  than  permissible  explosives,  and  10  per  cent  permissible 
explosives.  As  compared  vnth  the  year  1919,  there  was  an 
increase  of  41  per  cent  in  the  production  of  black  powder,  15 
per  cent  in  "high"  explosives,  and  39  per  cent  in  explosives 
classified  as  "permissibles." 

Recent  Articles  on  Petroleum  and  Allied  Substances.  Com- 
piled by  E.  H.  Burroughs.  Reports  of  Investigations.  Serial 
No.    2284.     32    pp.     Issued    October    1921. 

Rate-of-Production  Curve  and  Its  Application  to  the  Valuation 
of  Oil  Properties.  W.  W.  Cutler.  Reports  of  Investigations. 
Serial  No.  2285.     5  pp.     Issued  October   1921. 

Bureau  of  Mines  Experimental  Tunnel  for  Studying  the  Re- 
moval of  Automotive  Exhaust  Gas.  A.  C.  Fieldner  and  J.  W. 
Paul.  Reports  of  Investigations.  Serial  No.  2288.  3  pp. 
Published  October  1921.  In  cooperation  with  the  New  York 
and  New  Jersey  State  Bridge  and  Tunnel  Commissions,  the 
Bureau  of  Mines  has  just  completed  the  construction  of  an 
experimental  tunnel  in  the  Bureau's  experimental  mine  at  Bruce- 
ton,  near  Pittsburgh,  Pa.  The  purpose  of  this  tunnel  is  to  make  a 
final  study  of  the  ventilation  problems  arising  in  the  adequate 
ventilation  of  vehicular  tunnels  for  automobiles  and  trucks. 

Bentonite.  R.  B.  Ladoo.  Reports  of  Investigations.  Serial 
No.  2289.  5  pp.  Issued  October  1921.  Particular  attention  is 
directed  to  the  commercial  utilization  of  bentonite  in  paper 
making,  as  a  filler  in  the  manufacture  of  soap,  as  an  ingredient 
in  gypsum  and  lime  plasters,  as  a  superior  adhesive  paste,  as  a 
water  softener,  and  its  possible  use  to  dewater  crude  petroleum. 

Viscosities  and  Pour  Tests  of  Typical  Crude  Oils  from  the 
Eastern  and  Rocky  Mountain  Producing  Fields  of  the  United 
States.  K.  W.  Dean,  A.  1).  Bauer,  and  W.  B.  Lerch.  Reports 
of  Investigations.  Serial  No.  2290.  The  figures  which  form  a 
part  of  the  report  show  that  the  crude  oils  from  the  eastern 
producing  fields  vary  only  moderately  in  viscosity  and  pour 
test.  The  pour  test  figures  for  the  Rocky  Mountain  crude  oils 
arc  noticeably  variable. 

Monthly  Statement  of  Coal-Mine  Fatalities  in  the  United 
States,  August  1921.  W.  W.  Adams.  11  pp.  Paper,  5  cents. 
1921. 

COMMERCE  REPORTS 

Statement  comes  from  Chile  lliat  an  agreement  has  been  con- 
cluded between  tlie  Association  of  Nitrate  I'roilncers  and  Euro- 
pean and  .'\merican  buyers  and  ratiticd  liy  the  producers  on 
October  27,  1921,  which  set  the  prices  of  nitrate  until  July  1922. 
Shipments  from  Cliile  are  not  likely  to  increase  greatly  until 
the  end  of  the  year  1922  unless  there  is  an  improved  demand 
for  fertilizer  in  America  and  Europe.     (P.  500) 
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There  has  been  encouraging  improvement  in  the  British 
tin-plate  trade.  Total  e.xports  for  August  were  the  largest  for 
any  month  since  .\pril.  The  local  industry  feels  the  compe- 
tition of  the  United  States  in  the  foreign  tin-plate  markets, 
finding  it  difficult  to  combat  owing  partly  to  the  high  cost  of 
production.     (P.  569) 

A  market  is  reported  in  southern  Sweden  for  imitation  leather. 
This  market  is  said  to  be  able  to  import  from  the  United  States 
$268,000   worth   annuaUy.     (P.    574) 

The  third  series  of  articles  on  the  petroleum  industry  in  Mexico 
contains  a  list  of  the  companies  operating  in  Mexico,  the  pro- 
duction of  oil  by  zones  and  companies,  and  the  number  and  ca- 
pacity of  refineries,  storage  tanks,  and  pipehnes.     (Pp.  590-7) 

The  Czechoslovak  Office  of  Foreign  Trade  has  made  the  follow- 
ing reduction  in  export  duties:  Industrial  kaolin  not  used  in 
the  manufacture  of  porcelain  and  ceramics  reduced  from  one- 
half  of  1  per  cent  to  one-fourth  of  1  per  cent  of  the  invoice  price 
(Sept.   1,  1920).     (P.  608) 

The  copra  trade  of  the  Pacific  is  reviewed,  and  the  report  is 
accompanied  by  tables  showing  the  imports  and  exports  of 
copra  in  tons  for  each  of  the  importing  and  exporting  countries 
of  the  Pacific,  including  British  and  Dutch  Malaya.  (Pp.  616-9) 

The  1921  olive  crop  in  southern  Italy  is  estimated  to  be  an 
increase  of  50  per  cent  over  that  of  last  year.  Ordinarily  the 
proportion  of  oil  varies  from  20  to  40  per  cent,  according  to  the 
quality   of  the   fruit.     (P.   650) 

The  production  of  olives  in  the  Cadiz  district  will  be  sub- 
stantially the  same  as  in  1920.  The  yield  of  ohve  oil  will  also 
be  approximately  the  same  as  in  1920.     (P.  651) 

A  decree  recently  issued  by  the  Austrian  government  permits 
the  importation  of  the  following  articles  free  of  duty:  Coconut 
and  pajm  oils,  mineral  oils,  and  lignite.     (Pp.  652-3) 

By  a  decree  of  October  3,  1921,  the  duty  of  1  cent  per  kilo 
shall  be  levied  on  copper,  bronze,  and  brass  when  imported 
into  Salvador  in  ingots  as  raw  material  for  industrial  purposes. 
(P.  654) 

Japanese  Mineral  Production 

June  January— June 

Minerals  1920  1921  1920  1921 

Gold.oz 18,000  21,000  126,000  124,000 

Silver  oz 420,  000  357, 000       2,  570,  000       2,  330,  000 

Copper,lbs 11,900,000     10,200,000     73,100,000     61,000,000 

Iron,  metric  tons 4,870  3.100  34,000  18,400 

Coal,  metric  tons 2,220,000       1.840,000     13.400,000     11,900,000 

Petroleum,  gal 7,040,000        7,480,000     44,400,000     45,100,000 

Sulfur,  metric  tons..  .  3,700  2,700  22,000  13,000 

It  is  noted  from  these  figures  that  Japan's  production  of 
minerals  and  ores  during  the  first  half  of  the  current  year  de- 
creased in  all  cases  except  that  of  petroleum,  which  registered 
a  slight  increase  of  1.5  per  cent,  compared  with  the  first  six 
months   of   the   preceding   year.     (P.    659) 

A  sUght  improvement  in  the  Japanese  chemical  market 
is  noted.     (P.  660) 

The  production  of  glycerol  in  Japan  and  China's  trade  in  it 
are  described.     (P.  660) 

A  New  South  Wales  iron  company  has  taken  up  large  areas 
on  the  west  coast  of  Tasmania,  which  contain  deposits  of  high- 
grade  iron  ore.  It  is  expected  that  at  least  20,000  tons  of  iron 
ore  monthly  will  be  drawn  from  these  deposits.     (P.  661) 

The  petroleum  industry  at  Baku  is  at  a  standstill  as  regards 
production,  and  refining  is  practically  stopped  from  lack  of 
soda  and  acid.     (P.  663) 

l*»,The  corrected  Mexican  mineral  statistics  for  the  January- 
June  1921  period  are  as  follows: 

Pounds 

Gold 22,  972 

Silver 2,  033,  129 

Copper 101,  538,  043 

Lead 267,  716,  152 

Zinc 31,665,  104 

Quicksilver 170,  261 

Antimony 3,  466,  475 

Graphite 6,  418,  777 

Tungsten 76,083 

Tin 3,501 

Arsenic 2,  642,  890 

Manganese 1,  848,  849 

(P.   666) 

The  following  lists  of  Brazilian  importers  and  dealers  have  been 
mimeographed  and  copies  may  be  obtained  from  the  Bureau 
of  Foreign  and  Domestic  Commerce: 

Importers  of  chemicals  and  dyes 

Importers    of    drugs 

Importers  and  dealers  in  oils 

(Pp.  667-8) 


An  EngUsh  translation  of  two  projects  for  petroleum  legis- 
lation presented  to  the  Argentine  Republic  by  the  President, 
September  23  and  25,  1919,  and  also  a  translation  of  the  Presi- 
dent's message  of  July  20,  1921,  on  the  same  subject,  are  on  file 
at  the  Bureau  of  Foreign  and  Domestic  Commerce.     (P.  675) 

A  favorable  market  for  American  paints  and  varnishes  is 
reported  in  South  Africa.     (P.  697) 

Portugese  East  Africa  also  offers  a  market  for  paints  and 
varnishes.     (P.  697) 

The  metal  industries  of  Finland  are  described  and  the  report 
is  accompanied  by  tables  showing  the  imports  and  exports 
of   metals  and  manufacture.     (Pp.   699-702) 

The  discovery  of  a  large  deposit  of  high-grade  iron  ore  on- 
the  shores  of  Lake  Athabasca,  Alberta,  Canada,  is  reported. 
The  ore  is  said  to  contain  64  per  cent  of  metallic  iron.     (P.  702) 

There  is  a  large  radium  content  in  the  uranium  ore  found 
at  Jachymov,  in  Bohemia,  near  the  frontiers  of  Saxony.  Al- 
though the  radium  production  in  the  Uuited  States  is  greater 
as  to  quantity,  the  ores  of  Jachymov  are  richer  in  quality. 
The  known  supply  of  radium  in  the  Jachymov  district  will  last 
for  20  yrs.,  at  the  present  rate  of  production.  There  are  several 
by-products  of  considerable  importance.  Uranium  dyes  are 
produced,  eleven  workmen  being  employed  in  the  dye  factory. 
(P.  726) 

Mineral  fertilizers  are  finding  a  growing  market  among  the 
farmers  and  orchardists  in  southern  Spain  according  to  reports 
of  the  American  consuls  at  Cadiz  and  Seville.  A  steady  in- 
crease is  noted,  and  20,000  tons  have  been  given  as  an  estimate 
as  the  probable  consumption  this  year  in  the  Seville  district 
alone.     (P.   726) 

A  market  for  copper  sulfate  is  reported  in  southern  Italy. 

(P.  726) 

An  important  meeting  was  recently  held  at  Rome  to  discuss 
means  of  assisting  the  sulfur  industry,  which  is  at  present  under- 
going a  period  of  depression.  There  are  200,000  tons  of  sulfur 
unsold  in  Sicily.  It  has  not  been  possible  to  find  a  market 
for  it  in  competition  with  American  sulfur,  which  is  dehvered 
in  Europe  at  about  520  lire  per  ton.  The  meeting  adjourned 
without   having   attained   any   results.     (P.    727) 

Reports  from  Buenos  Aires  state  that  the  Argentine  oil  market 
is  keenly  competitive  and  it  is  advisable  for  any  firm  contem- 
plating the  estabhshment  of  an  agency  to  send  a  thoroughly 
competent  expert  to  study  the  whole  oil  situation.     (P.  739) 

A  market  for  American  gasoline  is  said  to  exist  in  Natal. 
(P.  778) 

A  copy  of  the  new  petroleum  law  for  Ecuador  may  be  examined 
at  the  Bureau  of  Foreign  and  Domestic  Commerce.     (P.  779) 

French  engineers  are  endeavoring  to  discover  a  substitute- 
which  may  diminish  to  a  certain  degree  the  present  dependence 
on  German  coke.  The  possibilities  of  the  Saar-Lorraine  coal 
for  the  manufacture  of  coke  are  being  studied.     (Pp.  780-1) 

The  Japanese  copper  industry  seems  to  be  in  a  tight  place, 
and  copper  companies  are  now  agitating  for  increased  customs 
duties,  which  will  save  them  from  the  disastrous  effects  of 
foreign   competition.     (P.    793) 

The  Japanese  chemical  industries  are  showing  a  wiUingness 
to  combine  with  foreign  concerns.  The  worst  depression, 
however,  is  felt  by  the  dyestuff  manufacturers,  who,  unless- 
something  is  done  for  them,  are  faced  with  the  prospect  of  seeing 
German  imports  capture  the  entire  market.     (P.  793) 

Practically  the  entire  zinc  and  lead  industry  of  Upper  Silesia 
has  passed  to  Poland.  This  industry  is  relatively  very  impor- 
tant, the  output  of  raw  zinc  in  Upper  Silesia  in  1912  having 
been  168,500  tons,  which  was  five-eighths  of  the  tofal  production- 
of  Germany  and  more  than  one-sixth  of  the  world  production. 
(Pp.   798-9) 

The  governor  of  the  Province  of  Jujuy  has  requested  the  Ar- 
gentine Senate  to  take  measures  to  protect  the  metallurgical- 
industry  recently  established  in  the  Provinces  of  Salta  and  Ju- 
juy.    (P.  802) 

Paraguay  offers  a  considerable  source  of  supply  of  palm  oil 
for  the  American  market.     (P.  803) 

Statistics  of  Exports  to  the  United  States 
IT.ALY — (P.  650)  Constantinople — (Pp.  661,  SOI) 

Olive  oil  Borate  stone 

United  Kingdom — (P.  728)  Gum  tragacanth 

Salt,  not  table 


Lead 
Tin 


Attar  of  roses 
Glue  stock 
Opium 
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Engineering  Instruments  and  Meters.  By  Edgar  A.  GRiFifitHS. 
xxiv  +  360  pp.  D.  Van  Nostrand  Co.,  New  York,  1921. 
Price,  «7.50. 

The  author  limits  himself  to  the  measurement  of  the  funda- 
mental quantities  of  mechanical  science;  consequently  instru- 
ments in  the  fields  of  electrical  and  chemical  engineering  are 
omitted.  It  would  seem  desirable  for  the  author,  in  any  future 
editions,  to  cover  these  fields  also,  thus  making  the  subject 
matter  as  broad  as  the  title. 

The  book  consists  of  eight  chapters,  dealing  with  the  measure- 
ment of  length,  screw  threads,  area,  volume,  velocity,  force  and 
masses,  work,  and  temperature. 

Chapter  I  includes  an  interesting  historical  account  of  length 
standards  and  their  duplication.  In  addition  to  the  description 
of  the  usual  length  gages  there  is  a  good  description  of  Johanssen's 
block  gages,  whereby  any  standard  of  length  between  0.2  inch 
and  10.0  inches  in  steps  of  0.0001  inch  may  be  obtained  with 
the  accuracy  of  ±0.00004  inch  by  means  of  a  set  of  eighty-one 
blocks. 

The  chapter  on  the  measurement  of  screw  threads  gives  a 
•well-developed  account  of  the  measurement  and  inspection  of 
^crew  threads,  especially  by  means  of  optical  projection  methods. 

Of  particular  interest  in  the  chapter  on  the  measurement  of 
area  are  the  parts  dealing  with  the  accuracy  of  planimeters 
and  the  method  of  obtaining  the  mean  ordinate  for  circular  charts. 
No  area  measuring  machines  are  described,  such  as  are  in  use 
in  this  country,  for  the  area  measurement  of  hides.  The  chapter 
on  the  measurement  of  volume  discusses  such  instruments  as 
displacement  meters,  orifices,  venturi  meters  and  pitot  tubes 
in  a  thorough  manner,  in  the  light  of  the  comparatively  recent 
English  developments  on  the  flow  of  fluids.  The  chapter  also 
includes  a  section  dealing  with  the  usual  types  of  steam  flow 
rrieters,  together  with  a  section  on  the  electrical  measuring 
instruments,  such  as  the  Thomas.  Usual  and  unique  styles 
of  depth  gages  are  also  described. 

Chapter  V  gives  a  thorough  account  of  all  sorts  of  tachom- 
eters and  speedometers,  together  with  the  methods  for  the 
meas'oring  of  train  and  aircraft  velocity.  Classifying  pitot 
tubes,  etc.,  as  volume  meters  in  the  previous  chapter  and 
again  as  instruments  for  the  measurement  of  velocity  in 
this  chapter  makes  the  treatment  somewhat  scattered.  Chap- 
ter VI,  on  the  measurement  of  force  and  the  comparison  of 
masses  presents  a  well  worth  while  description  of  the  varia- 
tions in  construction  and  shows  how  these  variations  affect 
the  sensibility  and  durability  of  balances.  The  discussion  of 
the  measurement  of  work  deals  witli  indicators,  their  construc- 
tion and  errors,  together  with  the  construction  and  relative 
advantages  of  various  types  of  dynamometers. 

The  final  chapter  is  an  abbreviated  one  on  the  measurement  of 
temperature  and  is  not  up  to  the  standard  of  the  rest  of  the  book. 
It  contains  a  description  of  the  usual  types  of  thermometers 
and  pyrometers.  There  is  a  lack  of  clearness  and  effectiveness 
in  the  treatment  of  pyrometry,  since  the  author  does  not  set 
forth  clearly  that  the  difference  in  temperature  between  a  hot  and 
cold  junction  of  a  pyrometer  sets  up  an  e.  m.  f.,  not  a  "current" 
proportional  to  the  temperature  difference.  Errors  in  pyrometry 
and  methods  of  correction,  base  metal  couples  other  than  iron- 
constantin,  pyrometer  construction,  and  protection  tubes  are 
inadequately  discussed.  Radiation  pyrometry  is  overempha- 
sized, as  compared  with  the  treatment  of  optical  pyrometers. 

Following  each  chapter  is  a  complete  and  useful  bibliography 
that  will  be  highly  useful  to  one  particularly  interested  in  any 
:given  type  of  meter.     The  index  is  very  poor.     For  example. 


orifices,  although  adequately  treated  in  the  text,  are  not  men- 
tioned in  the  index.  The  index  for  Venturi  tubes  refer  to  their 
use  in  measuring  aircraft  speed,  while  the  main  development 
of  these  instruments  in  Chapter  IV  is  not  indexed  at  all. 

This  book  covers,  in  a  thorough  and  interesting  way,  an  almost 
untouched  field  of  utmost  importance  and  will  prove  itself 
of  value  to  engineers,  constructors,  and  investigators  whose 
equipment  or  problem  requires  the  measurement  of  mechanical 


force. 


R.  T.  Haslam 


The  Electric  Furnace.     By  J.  N.  Pring.     xii  -f-  485  pp.     Long- 
mans, Green  &  Co.,  1921.     Price,  $10.50  net. 

This  is  one  of  the  monographs  on  industrial  chemisiry  edited 
by  Thorpe,  whose  preface  points  out  that  the  object  is  to  eluci- 
date principles  rather  than  to  give  technical  details.  The 
author's  preface  terms  it  a  "general  technical  discussion  of  the 
position  and  prospects  of  high  temperature  industrial  chemistry." 
The  last  four  words  would  be  as  apt  a  title  as  the  one  used,  for 
the  author  does  better  in  dealing  with  the  chemistry  of  the 
electric  furnace  than  with  the  electric  furnace  itself. 

Without  the  side-excursions  into  chemistry,  the  book,  aside 
from  being  more  recent,  would  not  be  of  great  value  to  the 
reader  possessing  Stansfield's  work  of  the  same  title,  which  it 
closely  resembles.  With  them,  it  is  the  best  book  so  far  available 
for  a  chemist  who  wishes  a  general  survey  of  the  electric  furnace 
field,  or  for  a  student  starting  the  study  of  electric  furnaces. 

It  is  written  from  the  English  viewpoint  and  with  special 
reference  to  British  conditions.  The  contents  cover  a  historical 
discussion;  laboratory  furnaces  (especially  pressure  furnaces); 
current  supply;  transformers;  measurement  of  high  tempera- 
tures; calcium  carbide;  fixed  nitrogen;  iron  smelting;  electric 
steel;  ferro-alloys;  nonferrous  melting;  zinc,  copper  and  tin 
smelting;  SiC,  Si,  AI2O3,  graphite,  P,  and  CS2;  Northrup  and 
Hering  furnaces;  Al,  Na,  and  Ca;  refractories;  heat  losses, 
electrodes  and  electrode  holders;  power  expenditure;  water 
power  developments  (including  India,  Burma,  and  Tasmania, 
as  well  as  the  Severn  tidal  power  project),  and  steam  power 
stations.  The  chapters  on  nitrogen  fixation  are  perhaps  the 
best.     The  one  on  "current  supply"  is  excellent. 

The  book  is  commendably  free  from  descriptions  of  obsolete 
and  merely  "paper  and  patent"  furnaces,  though  a  few  of  them 
are  included.  In  general  the  greatest  weakness  is  not  what  has 
been  put  in  but  what  has  been  left  out.  Notwithstanding  that 
500  pages  are  filled  with  close-packed,  concisely  written  informa- 
tion, the  electric  furnace  field  is  not  covered  at  all  fully,  nor 
is  the  information  at  all  up  to  date,  especially  as  to  American 
practice.  Some  fairly  recent  developments  are  touched  on, 
such  as  the  high-frequency  furnace,  preheating  the  charge  for 
a  Snyder  steel  furnace,  the  Fulton  zinc  furnace,  and  cyanide 
from  cyanamide. 

But  a  book  aiming  to  cover  the  electric  furnace  field  certainly 
ought  to  include  the  Ajax-Wyatt  brass  furnace  and  the  Soder- 
berg  self-baking  electrode,  on  which  one  reference  each  appears 
in  the  bibliography,  but  no  mention  in  the  text.  The  reader 
would  not  guess  from  the  book  that  magnesium  and  phosphoric 
acid  are  commercial  electric  furnace  products.  What  little 
information  is  given  on  electric  brass  melting  is  three  years  old 
and  very  sketchy.  Synthetic  cast  iron  is  mentioned,  but  none 
of  the  recent  progress  in  electric  gray  iron  and  scmisteel. 
Electric  annealing  and  heat-treating  furnaces  are  entirely  ig- 
nored.    The  section  on  ferro-alloys  is  rather  inadequate. 

The  reviewer's  conclusion  is  that  a  second  volume  of  equal 
size  would  be  required  to  cover,  even  as  concisely  as  has  been 
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the  case  with  the  material  dealt  with,  that  which  has  been  omitted 
and  which  is  of  equal  importance. 

There  is  a  certain  lack  of  perspective  about  the  book.  It 
is  hard  to  tell  the  relative  importance  of  what  the  author  de- 
scribes. A  student  taking  up  electric  furnaces  for  the  first  time 
would  as  likely  as  not  assume  that  induction  furnaces  are  of  equal 
importance  in  electric  steel  practice  with  direct  arc  furnace;:. 
If  he  reads  the  tables  of  the  number  of  furnaces  of  different  types 
installed,  and  is  of  a  sufficiently  inquiring  turn  of  mind  to  wonder 
why  the  direct  arc  type  is  so  preponderant  in  steel,  he  will  not 
find  much  to  clear  up  the  question  in  the  text. 

Glaring  errors  are  rare.  One  occtu-s  in  quoting  a  figure  of  168 
kw.  hr.  per  metric  ton  for  melting  red  brass  in  a  Rennerfelt 
ftmiace.  This  figme  was  once  published,  but  is  incorrect  and 
not  claimed  to-day  by  the  makers  of  the  furnace. 

A  book  of  this  type  has  largely  to  be  written  with  a  pair  of 
scissors,  of  course,  and  the  author  intimates  as  much  in  his  pref- 
ace. Such  a  compilation  is  useful,  and  on  the  whole,  this  is  well 
done,  though  neither  complete  nor  entirely  up  to  date. 

H.    W.    GlLLETT 

Colorimetric  Analysis.     By  F.  D.  Snell.     viii  +  1.50  pp.    D. 
Van  Nostrand  Co.,  New  York,  1921.     Price,  $2.00. 

An  independent  work  on  this  subject  is  a  desirable  addition 
to  the  analyst's  reference  library.  Somewhat  of  a  Cinderella 
among  analytical  methods,  it  actually  underwent  the  destined 
transformation  in  the  evolution  of  spectroscopy.  In  fact  the 
standard  work  on  colorimetric  methods  (G.  and  H.  Kriiss, 
"Kolorimetrik  und  Spektralanalyse,"  L.  Voss,  Hamburg,  1909, 
2nd  Ed.)  dwells  largely  with  the  phases  of  instrumental  develop- 
ment from  colorimeter  to  spectrophotometer.  This  preoccu- 
pation with  instruments  and  principles  leaves  plenty  of  room  for 
a  book  of  the  present  type. 

The  first  three  chapters  cover :  conditions  of  use  of  colori- 
metric methods,  apparatus  and  methods  of  using  it,  and  figuring 
of  results .  The  differentiation  of  colorimetric  methods  into  those 
used  for  speed,  with  more  or  less  sacrifice  of  accuracy,  and  those 
used  for  precision  in  the  determination  of  very  small  quantities 
is  clearly  stated.  The  chapter  on  apparatus  is  adequate,  .if 
not  exhaustive;  it  might  have  been  more  critical,  and  in  par- 
ticular have  given  some  space  to  Dehn's  contentions'  with  regard 
to  optical  distribution  factors.  The  discussion  on  figuring  re- 
sults would  be  improved  by  reference  to  graphic  methods,  par- 
ticularly in  cases  where  speed  is  fundamental. 

The  essence  of  the  book,  however,  is  in  Chapters  IV  to  XVII, 
which  contain  valuable  compendium  of  methods  for  the  de- 
termination of  Fe,  Cu,  C  (in  steel),  Pb,  Bi,  As,  Al,  Cr,  Ni,  Co, 
Mn,  Zn,  K,  Mg,  Au,  Ti,  Vd,  Wo,  F,  CI,  P,  Si,  B,  O,  S,  beside 
oxides  and  acids  of  nitrogen,  sulfiu",  selenium,  etc.  Several 
alternative  methods  are  described  wherever  possible.  Indi- 
vidual points  invite  some  criticism,  e.  g.,  in  the  estimation  of 
iron  by  thiocyanate,  the  addition  of  a  small  amount  of  potassium 
pcrsulfate  to  a  solution  is  recommended  (p.  33)  to  keep  the  iron 
oxidized  if  it  is  desired  to  preserve  a  sample  or  standard  for  several 
days.  The  reviewer's  experience  is  that  persulfate  rapidly 
oxidizes  the  thiocyanate  radicle,  and  that  the  ferrocyanide 
method  (p.  36)  is  definitely  preferable.  In  regard  to  Atack's 
estimation  of  Al  by  alizarin  S,-  the  reviewer  and  his  collaborators 
have  been  disappointed  with  this  sensitive  and  promising  method, 
as  it  does  not  seem  to  possess  the  immunity  from  interference 
by  calcium  and  phosphates  which  is  claimed  for  it.  For  the 
estimation  of  phosphorus  and  phosphate,  the  method  of  Taylor 
and  Miller,  as  modified  by  Bell  and  Doisy'  should  be  mentioned. 
It  consists  in  the  reduction  of  phosphomolybdate  by  a  hydro- 
quinol  developer,  giving  a  blue  color,  and  is  very  satisfactory. 

1  "Fallacies  in  Colorimetry,"  J.  Am.  Chem.  Soc,  39  C1917),  1392. 
'J.  Soc.  Chem.  Ind..  34  (1915),  936. 
«  /.  Biol.  Chem.,  M  (1920),    33. 


The  last  two  chapters  on  colorimetry  proper  (color  of  water, 
oils,  dyes)  and  on  nephelometry  are  very  meager.  The  former 
suffers  from  the  total  lack  of  any  discussion  of  the  nature  of  color, 
its  specification,  and  measurement  as  such.  Nephelometry  is 
dismissed  with  a  reference  to  P.  Kober's  paper.*  Since  the  sub- 
ject matter  is  explicitly  limited  by  title  to  colorimetric  methods, 
no  criticism  can  be  made  of  this,  but  since  photometric  and 
nephelometric  methods  are  so  closely  allied  to  the  colorimetric 
ones  it  may  be  hoped  that  some  time  they  will  be  discussed  to- 
gether. The  author's  omission  of  all  but  one  or  two  applications 
of  colorimetry  to  the  estimation  of  organic  substances  is  less 
comprehensible.  Not  only  are  there  many  older  applications 
in  food,  drug,  etc.,  analysis,  e.  g.,  for  alcohols,  acids,  aldehydes, 
phenols,  alkaloids,  but  more  recently  the  number  of  special  colori- 
metric methods  in  biochemistry  has  been  greatly  increased. 
The  increasing  importance  of  colorimetric  methods  for  hydrogen- 
ion  determination  also  remains  unnoticed. 

Taking  these  limitations  into  account,  it  appears  that  the  book 
is  essentially  one  on  inorganic  colorimetric  analysis  for  the 
practicing  analytical  chemist.  As  such,  it  fills  a  need  in  a  way 
helpful  to  every  chemist  who  has  occasion  to  speed  up  analytical 
procedure. 

The  book  is  clearly  printed  on  paper  free  from  excessive  gloss, 
and  is  illustrated  with  cuts  of  various  colorimeters. 

S.  E.  SnEPPARD 

The  Chemical  and  Metallographic  Examination  of  Iron,  Steel, 
and  Brass.      By  Wm.   T.  Hall  and  R.  S.  Williams.      xiii 
+  501  pp.     McGraw-Hill  Book  Co.,  1921.     Price,  $5.00. 

A  few  years  ago  Hall  and  Williams  translated  Bauer  and  Deiss 
with  some  additions  of  their  own.  The  present  volume  retains 
emphasis  on  the  necessity  for  accurate  sampling,  and  other  good 
features  of  Bauer  and  Deiss,  but  covers  metallographic  examina- 
tion in  somewhat  greater  detail,  and  the  analytical  methods  are 
brought  up  to  date,  especially  by  a  chapter  and  bibliography  on 
electrometric   methods. 

The  book  stands  out  from  the  general  run  of  laboratory  man- 
uals and  reference  books,  because  it  is  written  from  a  broad 
viewpoint.  We  have  too  many  such  books  written  by  analysts. 
This  one  is  written  by  chemists.  The  young  chemist  who  studies 
it  cannot  avoid  understanding  that  proper  sampling  to  take 
account  of  segregation,  the  use  of  accurate  analytical  methods, 
and  consideration  of  the  microstructure,  are  all  equally  important 
steps  in  answering  questions  as  to  the  quality  of  a  metal  or 
alloy. 

The  book  is  written  in  an  orderly  fashion,  clearly  printed 
on  good  paper,  and  well  indexed.  The  authors  first  discuss  the 
chemical  principles  underlying  each  method  of  analysis,  so  that 
the  essential  precautions  and  the  interferences  are  understood 
before  the  details  of  the  method  are  given.  Four  or  five  methods 
are  given  for  most  of  the  common  elements  found  in  modern 
steels,  but  the  relative  advantages  of  each  method  are  so  clearly 
stated  that  the  reader  can  make  an  intelligent  choice.  The 
limits  of  accuracy  to  be  expected  are  usually  given  for  each 
method,  and  analytical  figures  on  the  same  material  by  different 
methods  are  often  included.  Methods  are  given  for  C,  Mn,  P, 
Si,  S,  Cu,  Cr,  Fe,  Ni,  Mo,  W,  V,  Al,  As,  Co,  Ti,  Zr,  N,  and  O  in 
steel.  The  methods  for  nonferrous  alloys  are  less  complete, 
but  standard  methods  for  common  determinations  of  elements 
in  bearing  metal,  brass,  and  bronze  are  given.  The  light  alumin- 
ium alloys  are  not  covered  either  in  the  chemical  or  metallo- 
graphic sections. 

Only  minor  criticisms  occur  to  the  reviewer.  Since  methods 
involving  separation  of  ferric  chloride  by  ether  are  numerous 
in  the  book,  it  would  have  been  well  to  point  out  that  one  can 
make  this  separation  with  a  beaker,  a  stirring  rod  and  a  siphon 
without  having  to  use  the  Rothe  shaking  funnel  and  increase 
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the  volume  of  the  solution  by  washing  out  the  original  beaker. 
Since  methods  for  zirconium  are  included,  it  would  have  been 
well  to  point  out  that  both  zirconium  and  titanium  interfere 
with  evolution  of  sulfur  even  in  an  annealed  sample,  and  that 
the  cupferron  method  given  for  zirconium  is  often  more  applica- 
ble for  titanium  than  the  methods  given  under  that  element. 

"Peptonization"  (p.  309)  might  better  be  peptization,  in  the 
interests  of  "economy  and  efficiency"  in  spelling  and  pronun- 
ciation. 

The  statement  (p.  248)  that  in  steel  "oxygen  is  present  chiefly 
as  ferrous  oxide  dissolved  in  the  crystals  of  ferrite"  may  be 
correct,  but  in  view  of  the  differences  of  opinion  on  this  subject 
among  metallurgists,  the  statement  seems  a  bit  positive. 

The  metallographic  end  of  the  book  is  a  trifle  sketchy  and 
elementary  compared  with  the  chemical  end,  but  covers  the 
essentials  clearly.  The  reviewer  would  prefer  fuller  references 
to  the  literature. 

If  you  have  an  analyst  in  your  laboratory  whom  you  wish  to 
have  analyze  whatever  samples  are  handed  to  him  without  ques- 
tion as  to  history  of  the  sample,  or  application  of  the  analysis, 
don't  let  him  use  this  book,  for  it  might  lead  him  to  become  a 
chemist   instead  of  an  analyst. 

H.  W.  GlLLETT 

Naval  Stores — History,  Production,  Distribution,  and  Consump- 
tion. Compiled  by  Thom.\s  Gamble.  286  pages.  Review 
Publishing  &  Printing  Co.,  Savannah,  Ga.,  1921.  Price, 
$3.25,  postpaid. 

Certain  industries  require  a  special  treatment  and  that  given 
to  the  naval  stores  industry  in  this  volume  is  extremely  ap- 
propriate. The  illustrations  are  profuse  and  there  is  a  wealth 
of  introductory  historical  matter  that  would  compel  the  interest 
of  the  layman  who  might  not  know  the  meaning  of  the  name 
on  the  title  page;  even  the  immortal  Samuel  Johnson  has  contrib- 
uted his  mite:  "I  remember  I  used  to  think  tar  dirty,  but 
when  I  knew  it  to  be  only  a  preparation  of  the  juice  of  the  pine, 
I  thought  so  no  longer." 

Every  comer  of  the  earth  that  grows  a  pine  capable  of  pro- 
ducing naval  stores  has  been  ransacked.  All  phases  of  the 
industry,  such  as  methods  of  production,  marketing,  standards, 
uses,  statistics  on  production,  exports  and  prices,  and  future 
sources  of  supply  receive  consideration.  The  chapters  bearing 
on  wood  turpentine  and  rosin  are  especially  valuable.  This 
phase  of  the  industry,  after  many  vicissitudes,  is  on  a  sound 
basis  and  has  the  promise  of  an  increasingly  great  future. 

It  is  a  striking  fact  that  the  first  great  improvement  in  the 
industry  resulted  through  the  introduction  of  the  cup  and  gutter 
system  in  1901  through  the  energy  of  Dr.  Herty,  and  this  step 
to-day  remains  the  high-water  mark  of  advancement.  Another 
fine  piece  of  work  was  performed  by  Miss  Eloise  Gerry  of  the 
Forest  Service.  A  microscopical  study  of  tapped  trees  showed 
clearly  the  nature  of  resin  flow,  and,  aside  from  the  investigations 
of  Tschirch,  furnished  the  first  really  scientific  information  on 
which  a  rational  method  of  tapping  could  be  based. 

Not  so  many  years  ago  turpentine  was  the  valuable  product, 
the  rosin  being  frequently  run  to  waste.  To-day  the  condition 
is  reversed.  The  chief  use  of  turpentine  continues  to  be  in 
paints  and  varnishes,  but  many  manufacturers  consider  that  only 
enough  is  necessary  to  give  their  finished  products  a  "smell." 
Rosin  has  highly  desirable  properties  for  certain  soaps  and  is 
practically  indispensable  in  the  sizing  of  the  cheaper  grades  of 
paper. 

In  the  settlement  of  a  new  country  it  is  diflicult  to  decide 
how  much  waste  is  compatible  with  proper  economic  develop- 
ment. There  is  no  question,  however,  but  that  the  exploita- 
tion of  our  forests  has  gone  beyond  the  bounds  of  reason,  and 
that  the  future  must  receive  serious  consideration.  So  many 
futile  predictions  have  been  made  regarding  the  approximate 


time  at  which  the  present  stands  of  timber  will  cease  to  be  the 
largest  factor  in  naval  stores  production,  that  it  is  useless  to 
hazard  a  guess;  but  the  end  is  just  as  certain  as  it  is  indefinite. 
Consequently  it  is  gratifying  to  know  that  steps  have  been  taken 
to  perpetuate  the  industry  through  the  growing  of  long  leaf  and 
Cuban  pines,  the  latter  being  particularly  desirable  from  the 
standpoint  of  rapidity  of  growth  and  resin  production. 

Great   credit  is   due   Mr.   Thomas   Gamble.     WhUe   he   has 
refrained  from  calling  it  a  "labor  of  love,"  it  could  hardly  have 


been  otherwise. 


A.    W.    SCHORGER 


The  Silver  Bromide  Grain  of  Photographic  Emulsions.  By  A. 
P.  H.  Triveu.i  and  S.  E.  Sheppard.  143  pages.  D.  Van 
Nostrand  Co.,  New  York,  1921.     Price,  $2.50. 

This  is  the  first  volume  of  a  series  of  monographs  on  the  theory 
of  photography  from  the  Research  Laboratory  of  the  Eastman 
Kodak  Company.  Each  is  intended  to  be  complete  in  itself,  and 
to  include  not  only  work  done  at  the  research  laboratory  of  the 
company,  but  also  that  available  in  the  literature  of  the  subject. 
If  the  standard  of  the  initial  volume  is  maintained,  the  series 
will  be  invaluable  to  students  of  the  science  of  photography. 

Since  the  silver  halide  grains  are  of  very  small  size  and  pre- 
cipitated in  a  colloid  medium,  they  have  usually  been  treated 
simply  as  colloid  aggregates.  In  the  present  volmne,  however, 
a  detailed  study  is  made  of  these  grains.  It  is  established  that 
they  are  definitely  crystalline  and  belong  to  the  regular  system, 
though  of  widely  different  final  shapes.  The  questions  of  their 
alteration  by  mechanical  strains  and  of  the  modification  of  the 
gelatin  structure  are  discussed.  A  study  of  the  course  of  de- 
velopment of  the  silver  halide  emulsion  by  ammonia  leads  to  the 
conclusion  that  the  process  is  primarily  a  recrystallization  of 
the  silver  halide  as  a  halide-ammonia  complex  on  nuclei  fur- 
nished by  the  visible  photochemical  image;  the  hypothesis  of 
mechanical  disintegration  by  light  therefore  becomes  unneces- 
sary. This  is  contrary  to  the  widely  urged  hypothesis  of  Luppo- 
Cramer. 

The  formation  of  grains  in  the  emulsion  is  studied  in  the 
light  of  the  dispersion  theory  of  von  Weimarn,  according  to 
which  the  grain-subdivision  of  the  initial  precipitate  is  deter- 
mined by  the  concentration  of  the  solutions  and  by  other  phys- 
ical conditions.  The  changes  of  this  "dispersity"  are  now  found 
to  be  connected  with  changes  in  the  content  of  adsorbed  im- 
purities present.  Crystallization  catalysis  by  nuclei  is  sug- 
gested as  an  explanation  of  some  of  the  effects  produced  by  the 
admixture  of  silver  iodide  and  silver  bromide  in  an  emulsion. 

A  bibliography  is  appended,  and  there  are  many  references 
to  original  papers.  The  study  of  the  relation  between  the  sizes 
of  grains  and  their  photographic  properties  is  reserved  for  a 
future   monograph.  l.    Derr 

Statistical  Supplement  to  the  Final  Report  of  the  Nitrogen 
Products  Committee  of  the  Ministry  of  Munitions.  By  J.  A. 
Harker,  O.B.E.,  D.S.C.,  F.R.S.,  Director  of  the  Nitrogen 
Research  Laboratory,  Ministry  of  Munitions,  London.  22 
Images.  H.  M.  Stationery  Office,  Imperial  House,  Kingsway, 
W.  C.  2.     Price,  One  Shilling. 

The  above  pamphlet  supplements  the  statistical  data  published 
in  the  Final  Report  of  the  Nitrogen  Products  Committee  of  the 
Ministry  of  Munitions  early  in  1920  and  should  be  obtained  and 
bound  with  that  Report,  which  is  one  of  the  best  compilations 
on  nitrogen  fixation  and  the  world  nitrogen  situation  that  has 
been  published  in  any  language.  The  present  pamphlet  simply 
brings  the  statistics  of  the  nitrogen  industry  as  nearly  up  to  date 
as  possible  and  covers  all  phases  of  the  industry,  including  Chile 
nitrate,  nitric  acid,  by-product  ammonia,  and  the  synthetic 
nitrogen  industry.  As  always.  Dr.  Barker's  work  has  been 
done  well.  Charubs  L.  P.\rsons 
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FIRST-HAND   PRICKS   FOR   GOODS   IN    ORIGINAL    PACKAGES   PREVAILING   IN   THE    NEW   YORK   MARKET 


Acid.  Boric,  cryst..  bbls lb. 

Hydrochloric,  com'l,  20° lb. 

Hydriodic oz. 

Nitric,  42° lb. 

Phosphoric,  50%  tech lb. 

Sulfuric,  C.  P lb. 

Chamber,  66° ton 

Oleum  20% ton 

Alum,  ammonia,  lump lb. 

Aluminium  Sulfate  (iron-free) lb. 

Ammonium  Carbonate,  pwd lb. 

Ammonium  Chloride,  gran lb. 

Ammonia  Water,  carboys,  26°.... lb. 

Arsenic,  white lb. 

Barium  Chloride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd, 35%,  works,  100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure lb. 

Calcium    Chloride,   fused,  f.  o.  b. 

N.  Y ton 

Chalk,  precipitated,  light lb. 

China  Clay,  imported ton 

Copper  Sulfate 100  lbs. 

Feldspar ton 

Fuller's  Earth 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals lb. 

Nitrate lb. 

Red  American 100  lbs. 

White  American 100  lbs. 

Lime  Acetate 100  lbs. 

Lithium  Carbonate lb. 

Magnesium  Carbonate,  tech.... lb. 

Magnesite ton 

Mercury  flask 75  lbs. 

Phosphorus,  yellow lb. 

Plaster  of  Paris 100  lbs. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc,  80-85% lb. 

Chlorate,  cryst lb. 

Hydroxide,  88-92% lb. 

Iodide,  bulk lb. 

Nitrate lb. 

Permanganate,  U.  S.  P lb. 

Salt  Cake,   bulk ton 

Silver  Nitrate oz. 

Soapstone,  in  bags ton 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76% 100  lbs. 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Chlorate lb. 

Cyanide lb. 

Fluoride,  technical lb. 

Hyposulfite,  bbls 100  lbs. 

Nitrate,  95% 100  lbs. 

Silicate.  40° lb. 

Sulfide,  60%  fused lb. 

Bisulfite,  powdered lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude long  ton 

Talc,  American,  white ton 

Tin  Bichloride.. 60%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


INOBQANIC  CHEMICALS 

Dec.   1 
.  12»/« 
.OIV. 
.19 
.06>/« 
.12 
.07 
17.00 
22.00 

•.031/, 
.03 

•.07 

•.07 'A 
.071/1 
.06 
•50.00 

*.07 
28.00 

2.25 
.05V« 
.20 


28.75 

.031/, 

18.00 

5.30 

8.00 

1.00 

3.50 

.12 

.15 

.08 

.06'/, 

1.75 

1.50 

.06 

72.00 

•45.00 

•.28 

1.50 

.10>/> 
*.14 

.04'/l 
*.06 
*.05>/, 
2.60 
.08 
*.16 
17.00 

.45V, 

12.00 

*2.00 

•3  90 

.04 

'     2.25 

.08 

07  Vi 

*.27 

•.10 

3.50 

2.25 

.01 'A 
•04  "A 
.041/, 
•.11 
3.00 
20.00 
18.00 
.09 'A 
.38 
.35 
.08 


ORGANIC  CHEMICALS 

AceUnilide lb.  • .  29 

Acid,  Acetic.  28  p.  c 100  lbs.  2.60 

Glacial lb.  .10 

Acetylsalicylic lb.  .65 

Benzoic,  U.  S,  P.,  ex-toluene,  .lb.  .86 

Carbolic,  cryst.,  U.  S.  P.,drs..lb.  .10 

60- to  110-Ib   tins lb.  .21 

Citric,  crystals,  bbls lb.  •.45 


Dec.  15 

.12V. 

.01"/, 

.19 

.06V« 

.12 

.07 
17.00 
22.00 
*.03V4 

.03 
*.07 
•.07 

.07 'A 

.OSV, 

•50.00 

•07 

28.00 

2.26 

.05V4 

.20 

28.75 

03 'A 

18.00 

5  55 

8.00 

1.00 

3.80 

.12 

.15 

.08 

.O6V1 

1.75 

1.50 

.06 

72.00 

•52.00 

•  28 

1.50 

.lOVi 
•.14 

.04V« 
•.06 
•.05  V, 
2.90 
.08 
•.15 
17.00 

.44'/. 

12.00 

•1.86 

•3.83 

.01 

2.25 

.08 

.07'/. 

♦.27 

•.10 

3.50 

2.25 

.OlVi 
*.04V. 
.04'/, 
•.11 
3.00 
20.00 
18.00 
.09V< 
.38 
.35 
.08 

•.29 
2.60 

.10 

.70 

.60 

.10 

.21 
•.44 


Dec.    1 
Acid  (Concluded) 

Oxalic,  cryst.,  bbls lb.  .14Vi 

Pyrogallic,  resublimed lb.  1.75 

Salicylic,  bulk,  U.  S.  P lb.  .22 

Tartaric,  crystals,  U.  S.  P lb.  *.27 

Trichloroacetic,  U.  S.  P lb.  4.40 

Acetone,  drums lb.  .  12Vi 

Alcohol,  denatured,  complete.  . .  .gal.  .44 

Ethyl,  190  proof gal.  4.85 

Amyl  Acetate gal.  2.15 

Camphor,  Jap.  refined lb.  .90 

Carbon  Bisulfide lb.  .O6V1 

Tetrachloride lb.  .  IOVj 

Chloroform,  U.  S.  P lb.  *.36 

Creosote,  U.  S.  P lb.  .40 

Cresol,  U.  S.  P lb.  .17 

Dextrin,  corn 100  lbs.  2.4S 

Imported  Potato lb.  .08'/i 

Ether,  U.  S.  P.,  cone,  100  lbs lb.  .14 

Formaldehyde lb.  .IOV2 

Glycerol,  dynamite,  drums lb.  .12V 

Methanol,  pure,  bbls gal.  .86 

Pyridine gal.  1 .  75 

Starch,  corn 100  lbs.  1.88 

Potato,  Jap lb.  .08 

Rice lb.  .18 

Sago lb.  .04 

OILS,  WAXES.  ETC. 

Beeswax,  pure,  white lb.  .35 

Black  Mineral  Oil,  29  gravity gal.  .22 

Castor  Oil,  No.  3 lb.  .lOV. 

Ceresin,  yellow lb.  .08 

Corn  Oil,  crude,  tanks,  mills lb.  .07V« 

Cottonseed  Oil,  crude,  f.  o.  b.  mill.  .lb.  .06V8 

Linseed  Oil,  raw  (car  lots) gal.  .67 

Menhaden  Oil,  crude  (southern)  .  gal.  .33 

Neat's-foot  Oil,  20° gal.  1.26 

Paraffin,  128-130  m.  p.,  ref lb.  .06 

Paraffin  OH,  high  viscosity gal.  .45 

Rosin,  "F"  Grade,  280  lbs bbl.  5.60 

Rosin  Oil,  first  run gal.  .35 

Shellac,  T.  N lb.  .66 

Spermaceti,  cake lb.  .30 

Sperm  Oil,  bleached  winter,  38°.  .gal.  1.73 

Stearic  Acid,  double-pressed lb.  .10 

Tallow  Oil,  acidless gal.  .82 

Tar  Oil,  distilled gal.  .60 

Turpentine,  spirits  of gal.  .  80 

METALS 

Aluminium,  No.  1,  ingots lb.  .17 

Antimony,  ordinary 100  lbs.  4.55 

Bismuth lb.  1.56 

Copper,  electrolytic lb.  .  13V« 

Lake lb.  .13Vi 

Lead,  N.  Y lb.  .04V. 

Nickel,  electrolytic lb.  .41 

Platinum,  refined,  soft OZ.  80.00 

Quicksilver,  flask 75  lbs.  ea.  45.00 

Silver,  foreign oz.  .66'/« 

Tin lb.  .30 

Tungsten  Wolframite per  unit  2.50 

Zinc,  N.  Y 100  lbs.  6.10 


FEBTILIZEB  MATERIALS 


Ammonium  Sulfate,  export.  ..100  lbs. 

Blood,  dried,  f.  o.  b.  N.  Y unit 

Bone,  3  and  50,  ground,  raw ton 

Calcium  Cyanamide,  unit  of  Am- 
monia   

Fish  Scrap,  domestic,  dried,  f.  o.  b. 

works unit 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton 

Tennessee,  78-80% ton 

Potassium  Muriate,  80% unit 

Pyrites,  furnace  size,  imported,  .uoit 
Tankage,    high-grade,    f.    o.    b. 
Chicago unit 


2.60 

3.50 

30.00 

2.26 

3.26  &  .10 

6.00 
8.00 

.78 

.14 

3.00  &  .10 


Dec.   16 

.14  V, 
1.75 

.24 
•.26 
4.40 

.12V> 

.46 
4.85 
2.16 

.90 

.06  V, 

.  lOVi 
•.36 

.40 

.17 
2.45 

.08'/« 

.14 

.  lOVi 

.14 

.85 
1.75 
1.88 

.08 

.18 

.04 


.33 

.22 

.  lOVi 

.07Vi 

.07V4 

.07 

.67 

.33 
1.25 

.06 

.46 
5.40 

.35 

.65 

.30 
1.73 

.10 

.82 

.60 

.81 


.17 
4.65 
1.66 

.  13V. 

.  13V< 

.04  V. 

.41 
78.00 
52.00 

.66V« 

.32 
2.60 
6.26 


2.60 

3.60 

30.00 

2.25 

3.26  &  .10 

8.00 
8.00 

.76 

.14 

3.00  ft  .1* 


•Resale  or  Imported  (not  an  American  maker's  price). 
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COAL-TAR  CHEMICALS 


Dec.  1 


Dec.  15 


Crudes 

Anthracene.  80-85% lb. 

Benzene,   pure gal. 

Cresol,  U    S.  P lb. 

Cresylic  Acid,  97-99% gal. 

Naphthalene,  flake lb. 

Phenol,  drums lb. 

Toluene,   pure gal. 

Xylene,  2  deg.  dist.  range gal. 

Intermediates 

Acids  : 

Anthranilic lb. 

Benzoic  tech lb. 

Broenner's lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Naphthionic,  crude lb. 

Nevile  &  Winther's lb. 

Phthalic lb. 

Picric lb. 

Sulfanilic lb. 

Tobias' lb. 

Aminoazobenzene lb. 

Aniline  Oil lb. 

Aniline  Salt lb. 

Anthraquinone lb. 

Bayer's  Salt lb. 

Benzaldebyde,  tech lb. 

U.  S.  P lb. 

Benzidine  ( Base) lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dianisidine lb. 

P-Dichlorobenzene lb. 

Diethylaniline lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Dinitrotolueoe lb. 

Diphenylamine lb. 

GSalt lb. 

Hydroquinol lb. 

Metol  (Rhodol) lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

a-Naphthylamine lb. 

6-Naphthylamine  (Sublimed) lb. 

6-Naphtbol,  dist lb. 

ffl-Nitroaniline lb. 

^-Nitroaoiline lb. 

Nitrobenzene,  crude lb. 

Rectified  (Oil  Mirbane) lb. 

^-Nitrophenol lb. 

P-Nitrosodimethylaniline lb. 

o-Nitrotoluene lb. 

^-Nitrotoluene lb. 

m-Phenylenediamine lb. 

P-Phenylenediamine lb. 

Phthalic  Anhydride lb. 

Primuline  (Base) lb. 

A.  Salt lb. 

Resorcinol,  tech lb. 

U.  S.  P lb. 

Schaeffer  Salt lb. 

Sodium  Naphthionate lb. 

Thiocarbanilide lb. 

Tolidine  (Base) lb. 

Toluidine,  mixed lb. 

o-Toluidine lb. 

p-Toluidine lb. 

m-Toluylenediamine lb. 

Xylidioe,  crude lb. 


Dec.  1 


.76 

.75 

.27 

.27 

.17 

.17 

.80 

.80 

.O6V2 

.06'/> 

.10 

.10 

.28 

.28 

.45 

.45 

1.10 

.50 
1.55 
1.50 
2.25 
1.00 
1.60 
2.40 

.65 
1.35 

.40 

.30 

.27 
2,00 
1.15 

.171/s 

.26 
1.60 
1.00 

.45 
1.25 
1.00 

.75 
5.50 
4.75 

.15 
1.10 

.42 

.21 

.25 

.65 

.70 

.90 
3.00 

.10 
1.00 

.30 
1.50 

.30 

.85 

.77 

.10 

.11'/! 

.75 

.16 

.70 
1.10 
1.70 

.38 
3.00 

.60 
1.60 
2.00 

.70 

.70 

.40 
1.20 

.30 

.20 
1.25 
1.10 

.45 


COAL-TAR  COLORS 

Acid  Colors 

Black lb.  .80 

Blue lb.  1 .  60 


1.10 

.50 
1.55 
1.50 
2.25 
1.00 
1.60 
2.40 

.65 
1.30 

.38 

.30 

.27 

2.00 

1.15 

17 

.26 
l.SO 
1.00 

.45 
1.25 

.90 

.70 
6.50 
4.75 

.15 
1.00 

.40 

.21 

.25 

.60 

.70 
1.35 
3.00 

.10 
1.00 

.30 
1.60 

.30 

.85 

.77 

.10 

.U'A 

.75 

.15 

.70 
1.10 
1.60 

.38 
3.00 

.60 
l.SO 
2.00 

.70 

.70 

.40 
1.20 

.30 

.20 
1.2s 
1.10 

.45 


.80 
1.50 


Acid  Colors  (Concluded) 

Puchsin lb. 

Orange  III lb. 

Red lb. 

Alkali  Blue,  domestic lb. 

Azo  Carmine lb, 

Azo  Yellow lb. 

Ery  throsin lb, 

Indigotin.  cone lb. 

Paste lb. 

Naphthol  Green lb. 

Ponceau lb. 

Scarlet  2R lb. 

Direct  Colors 

Black lb. 

Blue  2B lb. 

Brown  R lb. 

Fast  Red lb. 

Yellow lb. 

Violet,  cone lb. 

Chrysophenine,  domestic lb. 

Congo  Red.  4B  Type lb. 

Primuline.  domestic lb. 

Oil  Colors 

Black lb. 

Blue lb. 

Orange lb. 

Red  III lb. 

Scarlet lb. 

Yellow lb. 

Nigrosine  Oil,  soluble lb. 

Sulfur  Colors 

Black lb. 

Blue,  domestic lb. 

Brown lb. 

Green lb. 

YeUow lb. 

Chroma  Colors 

Alizarin  Blue,  bright lb. 

Alizarin  Red,  20%  paste lb. 

Alizarin  Yellow  G lb. 

Chrome  Black,  domestic lb. 

Chrome  Blue lb. 

Chrome  Green,  domestic lb. 

Chrome  Red lb. 

Gallocyanin lb. 

Basic  Colors 

Auramine,  O,  domestic lb. 

Auramine.  OO lb. 

Bismarck  Brown  R lb, 

Bismarck  Brown  G lb. 

Chrysoidine  R lb, 

Chrysoidine  Y lb. 

Green  Crystals,  Brilliant lb. 

Indigo,  20%  paste lb. 

Fuchsin  Crystals,  domestic lb. 

Magenta  Acid,  domestic lb. 

Malachite  Green,  crystals lb. 

Methylene  Blue,  tech lb. 

Methyl  Violet  3  B lb. 

Nigrosine,  spts.  sol lb. 

Water  sol.,  blue lb. 

Jet lb. 

Phosphine  G,,  domestic lb. 

Rhodamine  B,  extra  cone lb. 

Victoria  Blue,  base,  domestic lb. 

Victoria  Green lb. 

Victoria  Red lb. 

Victoria  Yellow lb. 


Dec.  18 


2.00 

2.00 

.50 

.50 

1.00 

1,00 

4.50 

4.50 

4,00 

4.00 

1,50 

1.50 

7.50 

7.50 

2.50 

2.50 

1.50 

l.SO 

1.60 

1.60 

,80 

.80 

.70 

.70 

.70 

.70 

.60 

.60 

.85 

.86 

2.35 

2.35 

1.50 

1.50 

l.IO 

1.10 

1.10 

1.10 

.90 

.90 

3.00 

3.00 

.70 

.70 

1.25 

1.25 

.95 

.95 

1.65 

1.65 

1.00 

1.00 

1.25 

1.25 

.90 

.90 

.20 

.20 

.70 

.70 

.35 

.35 

1.00 

1.00 

.75 

.75 

5.00 

6.00 

.60 

.60 

.85 

.85 

.65 

.65 

.75 

.78 

l.SO 

1.60 

1.78 

1.75 

2.30 

2.30 

1.80 

1,80 

3,00 

3.00 

.70 

.70 

1.00 

1. 00 

.75 

.75 

.75 

.75 

3.50 

3.50 

.45 

.45 

3.00 

3.00 

2.00 

2.00 

2.25 

2.25 

l.SO 

1.50 

1.75 

1.75 

.70 

.70 

.60 

.60 

.90 

.90 

2.50 

2,50 

8.50 

8.50 

5,40 

6.40 

2.00 

2.00 

7.00 

7.00 

7.00 

7.00 

^7 
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EDITORIALS 


Our  Unemployment  Problem 

No  profession  or  class  is  free  from  the  ill  effects  of  such 
extensive  unemplo3rment  as  has  occurred  in  the  last  year, 
but  fate  seems  to  have  dealt  in  a  particularly  unkind  fashion 
with  the  chemist.  It  has  been  something  of  a  shock,  after 
all  of  our  efforts  to  have  industry  understand  and  appreciate 
what  the  chemist  has  done,  to  find  him  given  so  little  con- 
sideration and  in  many  cases  among  the  very  first  to  be  dis- 
missed with  the  approach  of  business  curtailment. 

The  situation  presents  one  of  our  principal  tasks  for  the 
future.  We  cannot  create  new  places  for  our  unemployed 
chemists  directly  by  such  plans  as  have  been  proposed  for 
the  reduction  of  unemployment.  The  business  before  us 
is  to  convince  the  average  business  man  that  he  can  far 
better  afford  to  dispense  with  nearly  any  other  department 
than  to  close  his  research  and  control  laboratories. 

It  is  obvious  that  the  chemists  themselves  must  aid  in 
such  a  campaign.  Indeed,  they  must  do  the  work.  This 
JouHNAL  will  endeavor  to  assist  them  in  every  possible  way. 
We  shall  henceforth  devote  space  each  month,  under  the 
heading  "The  Earning  Power  of  Research,"  to  the  recital 
of  instances  where  genuine  scientific  research  conducted 
in  educational  institution  or  plant  has  proved  of  real  com- 
mercial value,  and  more  than  justified  the  expense  involved. 
We  realize  that  much  that  will  be  offered  will  contain  nothing 
new  for  many  of  our  readers.  We  know,  however,  that  a 
specialist  in  one  field  frequently  knows  little  of  what  his 
neighbor  is  doing;  so  we  urge  readers  to  send  us  in  detail 
examples  from  their  own  experience  and  reading  which  will 
enable  our  fellow  chemists  to  recommend  scientific  research 
and  laboratory  control  to  their  executives,  on  the  basis  of 
past  performance  and  future  promise.  This  Journal, 
on  its  part,  will  endeavor  to  supply  information  on  topics 
of  current  chemical  interest,  for  the  same  purpose. 

We  chemists  need  someone  to  pray  for  us  as  did  a  pastor 
for  a  revivalist.  He  said,  "Brother  Jones,  before  you  be- 
gins this  discourse,  there  are  some  powerful  bad  negroes 
in  this  here  congregation,  and  I  want  to  pray  for  you,"  which 
he  did  in  this  fashion:  "0  Lord,  give  Brother  Jones  the  eye 
of  the  eagle,  that  he  may  see  sin  from  afar.  Glue  his  ear 
to  the  gospel  telephone,  and  connect  him  with  the  central 
skies.  Illuminate  his  brow  with  a  brightness  that  will 
make  the  fires  of  hell  look  like  a  tallow  candle.  Nail  his 
hands  to  the  gospel  plough,  and  bow  his  head  in  some  lone- 
some valley  where  prayer  is  much  wanted  to  be  said,  and 
anoint  him  all  over  with  the  kerosene  oil  of  Thy  salvation 
and  set  him  afire." 


The  War  on  Chemical  Warfare 

Neither  the  chemist  nor  the  chemical  manufacturer  in- 
troduced chemical  warfare  to  our  Government.  Our  country 
called  upon  the  scientists  to  provide  new  means  of  defense 
and  adequate  means  of  offense  to  cope  with  the  enemy. 
The  chemists  one  and  all  responded.  The  result  is  a  matter 
of  history.  Notwithstanding  the  facts  presented  and  sup- 
ported by  ample  data  to  prove  the  humaneness,  efficiency, 
and  comparatively  low  cost  of  being  prepared  to  defend 
ourselves  by  chemical  methods  approved  and  adopted  by 
other  nations,  a  popular  sentimental  feeling  against  chemical 
warfare  has  been  aroused  in  our  country  by  factors  which 
we  do  not  yet  fully  understand.  The  carefully  considered 
recommendations  of  the  committee  of  experts,  of  which 


the  President  of  our'Society  was  chairman,  were  disregarded. 
Submarines  and  aircraft  were  treated  gently  as  compared 
with  chemical  warfare,  it  being  admitted  that  neither  of 
these  devices  could  be  controlled  at  this  time  by  agree- 
ment, and  that  their  development  is  more  easily  followed  than 
chemical  warfare,  which  can  be  perfected  without  publicity. 
On  the  7th  of  January  the  Committee  on  Limitation  of 
Armament  passed  the  following  resolutions: 

The  use  in  war  of  asphyxiating,  poisonous  or  other  gases  and 
all  analogous  liquids,  materials  or  devices,  having  been  justly 
condemned  by  the  general  opinion  of  the  civilized  world  and  a 
prohibition  of  such  use  having  been  declared  in  treaties  to  which 
a  majority  of  the  civilized  powers  are  parties; 

Now  to  the  end  that  this  prohibition  shall  be  universally 
accepted  as  a  part  of  international  law  binding  alike  the  con- 
science and  practice  of  nations,  the  signatory  powers  declare 
their  assent  to  such  prohibition,  agree  to  be  bound  thereby 
between  themselves  and  invite  all  other  civilized  nations  to 
adhere  thereto. 

These  resolutions  brought  out  some  illuminating  discus- 
sions in  which  Mr.  Sarraut  and  Mr.  Balfour  spoke  at  length. 
While  these  gentlemen  supported  the  resolutions,  their  re- 
marks seemed  to  make  it  clear  that  they  could  see  nothing 
harmful  in  the  effort  to  discourage  chemical  warfare  by 
agreement,  but  that,  after  all,  the  time  has  not  come  when 
research  with  defense  as  the  main  objective  can  be  discon- 
tinued. The  proposals  made  by  the  resolutions  simply 
reaffirm  admitted  principles  of  international  law  and  a  mere 
confirmation  of  the  law  without  adding  any  sanctions  to  it 
cannot  relieve  the  nations  from  taking  precautions  against 
those  who  are  prepared  to  break  the  law  and  who  might 
easily  dominate  the  world  by  their  indifference  to  law. 

Mr.  Balfour  pointed  out  the  fact  which  has  been  empha- 
sized as  well  by  the  Committee  of  the  League  of  Nations  at 
Geneva,  that  it  is  perfectly  impossible  to  prevent  a  nation 
bent  upon  this  method  of  warfare  from  making  its  prepara- 
tions in  time  of  peace,  no  matter  what  the  rules  of  war  may 
be.  No  nation,  therefore,  can  forego  the  duty  of  examining ' 
how  such  attacks  can  be  effectively  met. 

It  seems  to  us  that  in  undertaking  to  set  a  laudable  example 
to  the  rest  of  the  world  in  matters  of  so-caUed  humane  war- 
fare, we  are  in  no  way  relieved  of  the  necessity  of  continu- 
ing scientific  research  to  the  end  that  we  may  at  least  obtain 
for  ourselves  that  advanced  knowledge  which  is  undoubtedly 
our  greatest  defense.  The  research  chemist,  unlike  the  mili- 
tarist, is  not  impelled  by  a  desire  to  test  his  discoveries  in 
the  field.  He  has  ot  her  ways  of  determining  their  efficiency, 
and  many  of  them  will  find^commercial  application. 

It  seems  unfortunate  that  we  are  to  be  denied  the  as- 
sistance of  nontoxic  materials  such  as  harmless  lachryma- 
tors  and  smokes  which  may  save  life  when  employed  for 
defense.  If  applied  literally,  the  resolutions  may  debar 
high  explosives  which  give  rise  to  large  amounts  of  carbon 
monoxide.  The  effects  of  this  gas  may  easOy  lead  to  charges 
of  gas  warfare  by  an  enemy  anxious  for  such  an  excuse  for 
retaliation  in  order  to  employ  super-gas  developed  in  secret. 

However  the  resolutions  may  be  interpreted  by  those 
holding  different  views  on  chemical  warfare,  we  urge  chem- 
ists to  seize  every  opportunity  to  make  the  general  public 
realize  the  position  of  research  in  the  whole  problem  and  the 
necessity  for  its  continuance  upon  an  adequate  scale. 

To  us,  the  endeavor  to  abolish  chemical  warfare  throughout 
the  world  by  the  resolutions  of  the  present  conference  re- 
minds us  of  the  experience  of  King  Canute  in  commanding 
the  tides  not  to  rise. 
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Criticism  from  Germany 

A  review  of  Whitraore's  monograph  on  "Organic  Mercury 
Compounds"  was  published  in  No.  43,  p.  443  (1921)  of 
Apotheker  Zeitung.  At  the  close  of  the  review  the  author, 
F.   Dietze,   says: 

That  American  chemists  should  desire  to  create  a  literature 
of  their  own,  independent  of  other  countries,  is  easily  under- 
stood. From  different  signs  one  can  conclude,  however,  that 
this  is  to  be  done  almost  exclusively  at  the  cost  of  German  science 
and  German  industry.  That  the  whole  undertaking  is  in  its 
foundation  directed  against  Germany  follows  from  the  fact 
that  the  ."Interallied  Conference"  has  been  godfather  of  the 
plan.  The  war  which  was  ended  three  years  ago  is  to  be  carried 
further  in  scientific  and  industrial  lines!  In  view  of  this,  one 
cannot  welcome  the  publication  of  these  monographs. 

During  the  last  half  of  the  nineteenth  century  such  men 
as  J.  P.  Cooke,  S.  W.  Johnson,  Wolcott  Gibbs,  Nef,  and 
many  others  still  hving,  received  their  training  and  in- 
spiration to  research  in  chemistry  in  German  laboratories. 
These  men  organized  instruction  and  research  in  America 
after  models  they  had  seen  in  Germany.  We  owe  to  Ger- 
many a  debt  for  this  inspiration  to  research,  which  must 
never  be  forgotten.  There  is  some  need  to  recall  this  at 
a  time  when,  because  of  Germany's  glaring  faults  in  other 
directions,  some  are  inclined  to  behttle  and  condemn 
everything  that  Germany  has  done.  I  have  no  apology  to 
make  for  Germany's  bad  faith  and  wrong  aims  in  the  conduct 
of  the  war,  but  we  must  be  on  our  guard  against  some  Ameri- 
cans who  wish  to  copy  her  faults  rather  than  her  virtues. 

American  students  contributed  a  not  insignificant  amount 
to  the  experimental  researches  which  gave  Germany  such 
preeminence  in  chemistry  at  the  beginning  of  the  twentieth 
century.  Some  American  chemists  thought  they  could 
secure  a  better  audience  for  their  papers  if  these  were  pub- 
lished in  German  and  this,  to  superficial  observers,  contrib- 
uted still  further  to  the  apparent  volume  of  chemical 
achievements  in  Germany.  From  1880  onward,  however, 
a  steadUy  increasing  number  of  American  students  were 
trained  at  home  and  the  demand  for  chemists,  both  for 
teaching  and  for  the  industries,  has  been  such  that  at  the 
beginning  of  the  war  there  were  nearly  half  as  many  chemists 
in  America  as  in  Germany.  From  the  statistics  available, 
there  were  less  than  one-fifth  as  many  in  England  and  less 
than  one-tenth  as  many  in  France  as  there  were  in  Germany. 

Under  the  conditions  which  obtained  at  the  beginning 
of  the  twentieth  century  it  is  not  surprising  that  some  Ger- 
man chemists  assumed  the  attitude  that  chemistry  was  a 
German  science  and  that  researches  not  published  in  Ger- 
man could  be  ignored.  To  Americans  such  an  attitude  is 
very  closely  related  to  the  attempt  of  Germany's  poUtical 
leaders  to  impose  German  imperiahsm  on  other  countries 
by  force.  Any  similar  spirit  on  the  part  of  Englishmen, 
Frenchmen  or  Americans,  either  in  the  political  field  or 
in  science,  is  just  as  intolerable  as  it  was  in  Germans. 

If  the  determination  of  Americans  that  we  shall  do  our 
full  share,  in  friendly  cooperation  with  other  countries,  in 
the  development  of  chemistry,  and  that  we  shall  win  recog- 
nition on  the  basis  of  the  genuine  value  of  our  research  work 
and  of  our  publications,  is  considered  in  Germany  as  "a 
continuation  of  the  war  in  the  scientific  domain"  we  must 
acknowledge  that  it  is  our  intention  to  do  this.  But  German 
chemists  will  find  no  chemists  in  the  world  more  ready  than 
Americans  to  cooperate  with  them  in  a  spirit  of  friendly 
rivalry  for  the  promotion  of  chemical  science,  provided  only 
that  they  will  meet  us  in  the  same  spirit. 

William  A.  Noyes 

Editor,  Scientific  Series, 
A.  C.  S.  Monograph 


Teach  Appreciation 

For  some  time  we  chemists  have  been  telling  each  other 
how  little  our  science  is  appreciated  and  we  have  found  it 
both  profitable  and  necessary  to  use  various  means  for 
popularizing  chemistry.  The  A.  C.  S.  News  Service  has 
been  invaluable.  Books  like  "Creative  Chemistry"  have 
done  great  service,  and  there  have  been  feature  stories, 
popular  lectures,  etc.  The  results  have^fully  justified  the 
efforts,  but  have  we  begun  at  the  right  place? 

It  seems  to  us  that  little  real  progress  has  been  made  in 
teaching  chemistry  to  those  who  may  never  become  chemists. 
Potential  doctors,  lawyers,  merchants,  and  chiefs  are  given 
the  same  courses  in  beginning  and  general  chemistry  as 
are  the  men  who  have  years  of  chemistry  definitely  before 
them.  Might  we  not  do  well  to  begin,  even  in  high  school, 
by  teaching  chemistry  as  a  series  of  practical  problems,  so 
that  an  interest  in  the  apphcation  of  the  science  might  be 
kindled  and  developed  before  the  disjointed  courses  in  general 
chemistry  are  started?  Would  it  not  be  well  also  to  ofi'er 
chemical  courses  in  our  colleges  and  universities  designed 
primarily  to  teach  appreciation  for  what  chemistry  means, 
what  it  has  done,  and  what  it  may  do?  We  cannot  prepare 
all  men  to  become  chemists,  but  it  is  highly  important 
that  all  men  have  a  sympathetic  understanding  of  the  sub- 
ject, so  that  the  trained  chemist  may  be  received  as  a  pro- 
fessional man  and  given  a  professional  man's  opportunity. 

There  is  ample  material  to-day  from  which  to  build  lec- 
ture courses  popular  in  nature  and  well  illustrated,  which 
will  interest  any  group  of  people  in  industrial  chemistry  and 
the  fundamental  science  upon  which  it  rests.  These  courses 
would  encourage  the  embryonic  chemist  in  his  own  work 
and  could  be  made  to  serve  to  emphasize  the  necessity  for 
real  fundamental  research.  They  would  certainly  bring 
to  many  who  can  devote  but  an  hour  or  two  a  week  to  the 
subject  a  real  appreciation  of  chemistry  and  help  to  acquaint 
those  who  are  to  become  engineers,  financiers,  and  business 
men  with  the  field  occupied  by  the  chemist  and  the  relation 
of  his  work  to  theirs.  Then,  indeed,  the  chemist  will  step 
into  his  proper  place,  and  when  soft  times  pass  he  will  not 
be  summarily  dismissed  along  with  the  plumber's  helper. 
Who  win  make  this  interesting  experiment  in  pedagogy? 


An  Example 

A  short  time  ago  there  appeared  at  one  of  our  universi- 
ties a  dealer  in  scientific  apparatus  who  urged  importation, 
and  in  stressing  his  capabiUties  as  an  importer  claimed  that 
he  was  buying  for  all  the  Jesuit  colleges  of  the  United  States, 
importing  their  needs  from  foreign  sources. 

The  position  of  This  Journal  has  frequently  been  stated, 
namely,  that  so  long  as  the  manufacturers  of  American 
scientific  apparatus  and  supphes  deal  fairly  with  educational 
institutions,  we  shall  vigorously  support  the  pohcy  of  buying 
only  American-made  equipment  from  American  firms.  Con- 
sequently we  wanted  to  know  how  correct  the  importer's 
statement  might  be,  and  we  corresjionded  with  one  of  the 
councilors  of  the  Society  who  is  in  a  position  to  determine 
what  is  taking  place.  As  a  result  of  his  activity,  question- 
naires were  returned  to  him  from  41  colleges  and  institutions 
with  the  unanimous  statement  that  they  are  committed  to 
the  exclusive  purchase  of  American-made  apparatus  and 
supplies  in  so  far  as  their  needs  can  be  met.  The  personal 
letters  received  with  the  questionnaires  breathe  an  admir- 
able spirit  of  loyalty  and  patriotism.  It  would  be  inter- 
esting to  know  to  what  extent  the  excellent  example  set 
by  the  Jesuit  institutions  is  being  followed  at  our  other 
seats  of  learning. 
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The  Earning  Power  of  Research 

There  is  at  least  one  textile  null  in  America  which  has 
continued  to  run  at  capacity.  It  has  experienced  no  season 
of  slack  orders  and  it  has  made  no  reduction  in  its  scientific 
staff.  The  president  of  this  null — Joseph  Bancroft  &  Sons 
Co. — tells  us  that  this  success  has  been  due  to  the  fact  that 
his  scientists  by  continued  research  have  kept  his  mill  four 
or  five  years  ahead  of  the  procession.  He  is  producing  ma- 
terials that  have  no  competition.  He  Ls  offering  uniquely 
dyed  fabrics  which  are  in  a  class  by  themselves  and  when 
there  is  a  buyers'  market,  a  mill  in  this  position  has  an  un- 
usual advantage.  The  president  of  this  mill  proposes 
to  increase  research,  for  he  knows  he  cannot  possibly  afford 
to    curtail    it. 


The  world's  largest  producer  of  sulfite  pulp,  the  Brown 
Corporation,  installed  a  research  and  control  laboratory 
some  years  ago,  after  the  chemical  engineer,  who  now  is 
director  of  research  as  well,  had  demonstrated  the  utility 
of  science  in  the  establishment.  Tiiis  manufacturer  has 
been  quick  to  realize  that  in  research  he  holds  two  trump 
cards.  First,  he  is  able  to  produce  such  good  pulp  that 
in  a  buyers'  market  his  product  is  preferred.  Second,  he 
has  been  able  to  reduce  his  costs  so  that  he  has  an  advantage 
in  competition,  and  at  the  same  time  he  has  so  increased 
his  quality  as  to  be  granted  a  premium  on  nearly  all  markets. 
The  research  staff  of  this  nxill  has  been  steadily  enlarged 
and  strengthened  and  year  by  year  has  been  responsible 
for  the  creation  of  new  industries  based  upon  the  ^utihzation 
of  by-products  to  an  extent  where  they  rival  in  commercial 
importance  the  industry  which  was  formerly  the  sole  ac- 
tivity of  the  establishment. 


Only  a  few  years  ago  the  rare  elements  occurring  in  the 
atmosphere  were  merely  laboratory  curiosities  for  which 
no  one  dreamed  of  industrial  appUcation.  One  by  one  these 
elements  have  found  their  place  in  commerce  and  now 
after  some  months  of  intensive  research  neon  appears  as 
a  bread  winner.  Ignition  gages  have  been  devised  in  which 
purified  neon  is  used  in  a  tube  which  glows  when  brought 
into  contact  with  spark  plugs  and  other  points  where  current 
is  passing.  The  Air  Reduction  Company  has  developed 
a  gage  in  which  there  are  no  wires,  while  the  Westinghouse 
Company  has  used  neon  in  a  Geissler-like  tube  for  a  similar 
purpose.  Beginning  with  the  use  of  this  gage  in  detecting 
ignition  troubles  in  gas  engines,  it  now  appears  that  the 
field  of  usefulness  is  much  wider.  The  discovery  of  static 
charges  around  factories  where  inflammable  vapors  are  pres- 
ent, or  on  fire  doors,  belting,  and  machinery  which  is  not 
properly  grounded  suggests  possible  appUcations.  The 
neon  tube  glows  when  applied  to  the  outside  insulation  of 
wires  carrjdng  over  2000  volts.  It  will  be  seen  that  the  num- 
ber of  appUcations  means  a  large^  number  of  such  gages, 
and  there^is  no  doubt  that  research  in  this  instance  will 
return  a  large  percentage  on  the  investment. 


Business  Men  Speak 

The  1420  constituent  organizations  of  the  Chamber  of 
Commerce  of  the  United  States  have  just  voted  upon  a 
referendum  submitted  by  the  Committee  on  Tariff  Principles. 
By  a  vote  of  I84OV2  to  27V2  the  Chamber  of  Commerce 
is  committed  in  favor  of  reasonable  protection  for  American 
industries  subject  to  destructive  competition  from  abroad 
and  of  benefit  to  any  considerable  section  of  the  country, 
1846  V2  to  37 '/a  in  favor  of  maintaining  in  principle  the 
anti-dumping  legislation  of  May  1921,  and  by  1868  to  20  for 


tariff  legislation  framed  and  administered  with  a  view  to 
meeting  discriminations  direct  or  indirect  by  other  countries 
against  American  trade.  By  a  vote  of  IVQS'A  to  59V2 
the  Chamber  of  Commerce  recommends  that  the  principle  of 
maintenance  and  encouragement  of  om'  export  trade  should 
be  observed  in  tariff  legislation  so  far  as  consistent  with 
reasonable  protection  for  American  industries  of  benefit  to 
any  considerable  section  of  the  country  and  subject  to 
destructive  competition  from  abroad. 

In  the  Chamber  an  organization  has  one  vote  for  the  first 
25  members,  an  additional  vote  for  each  200,  but  no  organi- 
zation, however  large,  can  have  more  than  ten  votes.  It  is 
obvious,  therefore,  that  this  vote  represents  the  business  men 
of  the  country  and  even  Congress  can  hardly  fail  to  take 
notice  of  the  demand  for  the  prompt  enactment  of  suitable 
tariff  legislation. 

The  Technical  Press 

It  is  a  privilege  to  publish  in  this  issue  the  excellent  paper 
on  "The  Technical  Magazine  and  Its  New  Relation  to  In- 
dustry," by  H.  C.  Parmelee.  We  like  the  presentation, 
applaud  the  high  standard  of  ethics  set  up  for  the  modern 
technical  paper,  and  agree  with  most  of  the  conclusions 
reached  by  the  author. 

At  the  same  time,  we  wish  to  make  our  own  position 
clear,  since  we  do  not  experience  the  editorial  restrictions  in 
This  Journal  which  the  author  stresses  in  the  fourth  para- 
graph under  "The  Functions  of  the  Technical  Paper." 
It  may  easily  be  that  editors  of  other  scientific  society  maga- 
zines are  less  fortunate  than  we  are,  but  with  our  Committee 
on  National  PoUcy  empowered  to  act  for  the  Society,  official 
opinions  can  be  had  whenever  they  are  necessary.  There 
is  neither  delay  nor  difficulty  in  obtaining  action,  and  when 
we  do  speak  for  the  Society  a  message  goes  forth  with  the 
full  strength  of  the  world's  largest  scientific  body. 

Fortunately  also  the  interests  of  our  individual  members, 
our  Society,  and  the  industry  which  we  serve  are  identical. 
Our  members  and  readers  represent  the  industry,  and  it 
might  almost  be  said  that  they  are  stockholders  directly 
concerned  in  the  success  of  This  Journal  and  the  extension 
of  its  influence. 

The  support  of  our  strong  Society  gives  us  confidence 
and  courage  to  undertake  many  a  campaign  and  to  strike 
out  into  new  fields  to  advance  science  and  industry.  We 
welcome  an  opportunity  to  unite  with  Chemical  and  Metal- 
lurgical Engineering  and  with  other  modern  technical  papers 
in  the  distribution  of  authoritative  and  constructive  news, 
in  a  manner  satisfactory  to  the  scientist  and  public  alike. 


Reinforcements 


Burt  P.  Garnett  has  been  appointed  to  succeed  John 
Walker  Harrington  as  Technical  Manager  of  the  A.  C.  S. 
News  Service,  Mr.  Harrington  having  left  the  Service  Janu- 
ary 1  after  a  service  which  places  us  under  many  obUgations. 
Mr.  Garnett  comes  to  us  with  extensive  experience  in  news- 
paper work,  in  pubUcity,' and  other  Unes  which  well  qualify 
him  to  carry  on  this  important  activity  of  the  Society. 

Wilkinson  Stark  has  been  appointed  Associate  Editor 
with  offices  at  One  Madison  Avenue,  New  York  City.  He 
has  had  extensive  laboratory  and  plant  experience  and  will 
represent  the  Journal  in  the  field.  When  he  calls  upon  you, 
give  him  your  best  cooperation  and  keep  him  informed  as 
to  events  in  the  field  of  industrial  chemistry,  new  processes, 
and    research. 

Dr.  R.  P.  Fischehs,  who  has  been  a  member  of  this  staff 
for  the  past  year  in  the  capacity  of  special  writer,  will  con- 
tinue in  the  same  capacity. 
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ORIGINAL  PAPERS 


Electric  Heat  for  Thermal  Processes' 

By  E.  F.  Collins' 

GKNBRAI,  E1.BCTRIC  Co.,  SCHBNBCTADV,  NEW  YoRK 


Heat  energy  application  in  tliis  country  has  been  largely 
the  composite  result  of  promotion  and  advertisement  rather 
than  of  engineering.  We  have  had  fuel  oil  advocates,  gas 
burning  experts,  powdered  coal  enthusiasts,  fuel  oil  special- 
ists, etc.,  but  have,  until  recently,  lacked  the  competent 
furnace  engineer  familiar  with  all  types  of  furnaces,  who 
could  sit  as  court  of  appeal  and  give  unbiased  decisions  re- 
garding the  true  economic  value  of  various  heat  sources  for 
a  specific  work.  To  operate  with  gas  a  process  that  miglit 
much  more  advantageously  be  carried  out  with  other  forms 
of  energy  is  not  economy,  yet  many  such  cases  exist  to-day. 

Fig.  1  shows  the  relative  costs  of  four  common  sources  of 
heat,  vis.,  coal,  gas,  fuel  oil,  and  electricity,  in  terms  of  dol- 
lars per  100,000  B.  t.  u.  utilized  in  baking  ovens  and  fur- 
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naces.  Tliis  chart  in  itself  is  evidence  of  the  fact  that  con- 
siderations other  than  B.  t.  u.  cost  determine  the  true  effi- 
ciency of  thermal  processes.  For,  were  this  not  true,  how 
could  the  electric  furnace  exist,  and  how  could  it  show  the 
greater  over-all  economy  that  it  does  in  many  processes 
to-day?  Neither  could  the  other  two  fuels  compete  with 
bituminous  coal,  did  not  the  apphcation  of  fuel  oU  or  gas 
carry  with  it  inherent  advantages  that  completely  outweighed 
the  difference  in  cost  of  the  B.  t.  u.  supply.  This  is  the  true 
reason  for  the  use  of  oil  and  gas  rather  than  bituminous 
coal  for  many  thermal  processes.    For  the  same  reason  elec- 

*  Presented  before  the  Division  of  Industrial  and  EnKinecring  Cliem- 
istry  at  the  62nd  Meeting  of  the  American  Chemical  Society,  New  York, 
N.  v..  September  0  to  10,  1921. 

'  Consulting  Engineer  in  Industrial  Heating,  General  lilectric  Co. 


trio  heat  is  to-day  recognized  by  competent  engineers  as  the 
"last  word"  in  carrjdng  through  many  thermal  processes 
with  maximum  safety,  uniformity,  and  economy. 

It  is  a  matter  of  no  distant  time  when  the  use  of  electric 
heat  for  important  thermal  processes  will  be  adopted  with 
no  more  hesitation  than  now  occurs  when  the  householder  de- 
cides in  favor  of  the  electric  light  instead  of  the  gas  lamp 
for  his  home,  even  though  the  cost  of  current  consumed  be 
greater  than  the  cost  of  the  gas. 

Fig.  1  also  illustrates  well  a  valuable  characteristic  of  elec- 
tric heat.  It  will  be  noted  that  the  cost  of  burning  fuels 
varies  widely,  depending  upon  the  amount  of  air  admitted 
to  furnace  and  the  resultant  combustion,  e.  g.,  the  cost  of 
city  gas  for  100,000  B.  t.  u.  effective  rises  to  double  its  value 
with  an  increase  of  50  per  cent  in  air,  and  such  excess  per- 
centage of  air  is  by  no  means  rare.  Fuel  oil  likewise  increases 
its  cost  roughly  four  times  at  the  same  temperature  (2800° 
F.^  and  the  same  excess  of  air  (50  per  cent).  Thus  it  is 
seen  to  how  great  an  extent  the  economic  operation  of  the  fuel 
furnace  is  in  the  hands  of  the  operator.  This  handicap  does 
not  exist  with  the  electric  furnace,  where  the  ratio  of  con- 
version from  power  to  heat  is  100  per  cent  perfect  and  tlie 
operator  cannot  affect  this  efficiency  of  conversion. 

Features  of  Electric  Heating 

Some  of  the  more  important  features  of  electric  heating 
which  distinguish  it  from  fuel-fired  equipment  are  the  follow- 
ing: 

Heat  Generation 

1 — Released   at  points   to   give   uniform   or   nonuniform   temperature. 

2 — Heat    generation    balanced    against    heat    absorption. 

3 — Heat  generated  at  or  near  potential  of  heating  chamber. 

4 — Generated  in  inactive  or  dead  atmosphere — no  contamiualioii  of 
charge.  Heating  chamber  may  be  a  vacuum  or  under  heavy  pressure.  Ar- 
tificial atmospliere  possible,  as  hydrogen  gas,  nitrogen  gas,  and  no  combustion 
gases. 

Heat    Conservation    RESui.TiNa    in    High    Thermal    Efficiency 

1 — High  heat  lagging,  no  local  high  temperatures. 

2 — Small  beating  chamber  and  no  combustion  chamber. 

3 — No  hot  gases  leaving  furnace,  save  for  ventilation  (when  necessary). 

4 — Automatic  control  of  temperature  so  that  supply  balances  demand. 

Method  of  Electric  Heat  Transmission  and  Delivery  to  Charge 
1 — Convection   of   liquids   and   gases    (natural). 
2— Circulation    of    liquids    and    gases    (forced). 
3 — Radiation    and    convection    in    air. 
4 — Direct  radiation  to  work. 
5 — Direct  and  reflected  radiation  to  work. 

6 — Heat  generated  directly  in  charge  by  current  flowing  through  it. 
7 — Complete  heat  saturation  of  charge   without  surface  overheating, 
due  to  perfect  automatic  heat  control. 

Heat  Generation 

In  the  electric  furnace,  heat  generation  can  be  kept  nicely 
balanced  against  heat  adsorption  by  the  charge.  The  im- 
portance of  this  fact  cannot  be  overemphasized,  since  the 
problem  of  heat  absorption  is  of  first  importance  in  all  heat- 
ing and,  especially,  combustion  furnaces.  It  goes  without 
saying  that  efficient  generation  or  development  of  heat  units 
by  chemical  oxidation  means  little,  unless  the  B.  t.  u.  released 
are  in  a  minimum  constant  proportion  to  the  B.  t,  u.  ab- 
sorbed in  doing  useful  work.  Hence  the  rate  of  heat  genera- 
tion and  heat  absorption  must  be  skilfully  controlled  to 
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guarantee  maximum  over-all  efficiency.  To  burn  fuel  cor- 
rectly is  therefore  only  the  first  step  that  has  an  immediate 
bearing  upon  practical  results.  This  very  fundamental 
truth  should  be  recognized  by  all  furnace  users. 
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Heat  Transmission  to  Charge 

Heat  is  transmitted  by  three  means,  viz.,  (.1)  convection 
in  liquids  or  gases,  (2)  conduction  in  liquids  or  solids,  and 
(3)  radiation  through  space  or  the  ether. 

When  nonuniform  heating  occurs  at  different  points  in  a 
fluid,  uniformity  of  heating  may  or  may  not  be  established 
as  a  result  of  convection  currents  set  up  by  difference  in  spe- 
cific gravity  resulting  from  the  difference  in  temperature. 
Thus  heat  itself  may  establish  and  furnish  the  motive  power 
for  propelling  currents  of  fluid,  which  in  turn  carry  and  dis- 
tribute heat  throughout  the  body  of  the  fluid,  or  other 
forces  may  act  to  set  the  fluid  in  motion  and  thus  distribute 
the  heat.  In  the  first  case,  gravity  determines  the  direction 
of  currents,  whereas,  in  the  second,  currents  may  be  made 
to  travel  more  or  less  as  desired.  In  general,  uniformity 
of  heating  by  convection  is  made  more  sure  by  the  second 
method  or  by  continuous  agitation  of  the  fluid,  usually 
mechanical. 

If  the  fluid  be  the  product  of  combustion,  as  in  a  fuel  fired 
furnace,  consisting  largely  of  carbon  dioxide,  water  vapor, 
and  nitrogen,  currents  and  eddies  exist  in  the  combustion 
chamber  owing  to  changes  in  densities  depending  in  part  on 
variation  in  temperature.  These  gases  have  a  continuous 
flow,  and  practical  results  are  obtained  by  removing  as 
much  heat  as  possible  from  such  streams  while  they  are 
passing  through  the  furnace  to  the  stack.  Complete  and 
properly  regulated  envelopment  of  the  charge  by  the  hot 
gases  is  necessary  to  a  uniform  and  high  rate  of  heat  absorp- 
tion, which  is  dependent  upon  the  heat  conductivity  of  the 
charge  and  the  area  of  surface  contact.  If  only  parts  of 
the  body  he  in  the  stream  or  if  the  streams  vary  in  velocity 
or  temperature,  nonuniform  heating  may  be  expected.  It 
should  be  remembered  that  in  fuel  fired  furnaces,  especially 
where  forced  draught  is  used,  these  currents  of  hot  gases 
have  a  cyclonic  violence  and  continuously  shift  as  errati- 
cally. 

CONVECTED     VERSUS    RADIANT    HEAT — ConVCCtcd    heat    is 

deposited  at  the  surface  of  the  body  being  heated.  If  the 
body  is  a  solid,  this  heat  must  penetrate  it  by  thermal  con- 
duction. Radiant  heat,  such  as  may  be  employed  in  the 
electric  furnace,  has  a  penetrating  characteristic  that  enables 
it  to  pass  directly  into  the  charge  more  or  less  without  be- 
ing deposited  on  the  surface.  This  results  in  a  more  rapid 
heating  and  a  better  or  more  complete  penetration  or  distri- 
bution through  the  charge  without  excessive  surface  heating. 

Importance  of  Heat  Insulation 

Heat  must  flow  into  or  through  a  sohd  against  a  certain 
resistance  which  is  caUed  "the  thermal  resistance"  of  the 
body.  As  in  electricity  we  call  low  resistance  materials 
conductors  and  high  resistance  materials  insulators,  so  in 


the  thermal  circuit  we  call  materials  of  low  thermal  ohms 
per  unit  length  and  cross  section  "conductors  of  heat," 
while  those  of  high  thermal  ohms  per  unit  length  and  cross 
section  are  known  as  "insulators  of  heat"  or  "thermal  in- 
sulators." Some  heat  insulators  may  be  injured  by  low 
temperatures;  others  may  be  subjected  to  high  temperatures 
without  injury,  mechanical  or  otherwise.  The  latter  class 
are  usually  called  "heat  insulating  refractories."  Certain 
refractory  materials  are  also  exceptionaUy  good  heat  con- 
ductors. Many  good  refractories  at  moderate  temperatures 
become  relatively  good  heat  conductors  when  heated  to  a 
considerably  higher  temperature.  In  other  words,  they  pos- 
sess a  high  thermal  resistance  when  cold  and  a  very  low  ther- 
mal resistance  when  hot.  Hence  the  furnace  designer  must 
select  proper  heat  insulating  materials. 

Knowing  definitely  the  thermal  resistance  of  refractories 
and  heat  insulators,  we  may  calculate  the  heat  which  will 
flow  into  or  through  such  material  under  any  assumed 
difference  in  temperature  or  thermal  potential,  as  follows: 


Heat  quantity  in  B.  t.  u.: 


.Thermal  potential  difference 
Thermal  ohms 


Such  a  method  allows  the  selection  of  proper  materials 
and  the  proper  combination  to  form  a  simple  or  composite 
furnace  wall  construction  suited  to  withstand  desired  tem- 
peratures with  a  heat  leakage  through  the  walls  which  may 
be  calculated  with  all  the  accuracy  that  practical  considera- 
tions require. 

This  insulation  of  heat  becomes  important  in  the  electric 
furnace  because  with  high  heat  insulation  and  perfect  conver- 
sion of  heat,  the  stand-by  loss  becomes  a  fixed  minimum 
for  any  temperature  and  constantly  corresponds  to  a  defi- 
nite input  of  electric  power,  independent  of  the  operator. 
Hence  the  performance  of  the  electric  furnace  may  be  defi- 
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nitely  predicted  very  accurately  for  any  load.  Owing  to 
the  variable  combustion  efiBciency  of  the  fuel  fired  furnace 
(Fig.  1),  uniform  performance  and  thermal  efficiency  is  at  the 
mercy  of  the  furnace  operator,  the  fuel,  and  the  air  supply. 
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Applications  of  Electric  Heat 


Many  successful  working  installations  of  electric  heat 
exist  to-day,  and  it  is  predicted  that  many  more  indus- 
trial processes  will  be  improved  and  made  more  economically 
productive  by  the  application  of  electrically  generated  heat. 
A  few  of  the  many  such  installations  are  illustrated  herewith. 
Fig.  2  shows  a  design  for  the  application  of  electric  heat 
to  hot  plates,  hot  presses,  molds,  vulcanizers,  etc.,  which 
require  alternate  heating  and  cooling.  The  system  is  very 
simple  and  has  a  partial  regenerative  character,  returning 
all  heated  oil  to  the  tank  before  cooling  the  mold;  thus  it 
tends  to  require  less  cooling  water  in  addition  to  affording 
a  saving  of  heat.  This  arrangement  has  a  higher  inherent 
thermal  efficiency,  especially  at  high  temperatures,  than  if 
heated  and  cooled  alternately  by  steam  and  water. 

Fig.  3  is  a  japan  baking  oven  for  telephone  instrument 
parts.  This  oven  is  equipped  with  18  kw.  of  heaters,  and  its 
dimensions  are  7  ft.  10  in.  high,  6  ft.  wide,  and  6  ft.  3  in.  deep. 
Fig.  4  shows  one  of  a  battery  of  ovens  in  use  for  making 
automobile  engine  cores.  Core  weights  vary  from  3  to  128 
lbs.  each.  A  very  heavy  linseed  oil  binder  is  used  which 
makes  it  necessary  to  provide  ventilation,  and  hence  heat 
in  excess  of  the  requirements  of  the  ordinary  core  compounds. 
The  inside  dimensions  of  the  oven  are  5  ft.  wide,  10  ft.  deep, 
and  7  ft.  high.  The  connected  load  in  heaters  is  86  kw. 
Automatic  temperature  control  is  used.  A  baking  temper- 
ature of  425°  F.  is  used,  which  reduces  the  baking  time 
from  1  to  3  hrs.  over  that  required  by  the  gas  oven  operating 
at  350°,  the  highest  practical  baking  temperature  with  gas 
heating.  Four  of  these  ovens  work  at  efficiencies  varying 
from  10.9  to  14.6  lbs.  of  green  cores  baked  per  kw.  hr.  of 
power  consumed.  The  total  cores  baked  in  four  ovens  for 
1  wk.  were  108,730  lbs.,  and  the  power  consumption  cor- 
responded to  9389  kw.  hrs.,  giving  an  efficiency  of  11.6  lbs. 
of  cores  per  kw.  hr.  During  a  year  period,  these  ovens  did 
not  turn  out  a  car  of  burned,  cracked,  or  imperfectly 
baked  cores. 

Electric  heat  makes  a  highly  efficient  protective  zinc 
coating  possible  by  the  sherardizing  process.  Uniformity  of 
coating  and  consequent  long  life  is  secured  by  virtue  of  the 
close  control  to  repeat  the  heat  cycle  again  and  again  under 
the  same  conditions. 

Fig.  5  Ulustrates  a  large  japanning  oven  such  as  is  used  by 
automobile  manufacturers  to  bake  the  finish  on  the  cars. 
This  oven  has  252  kw.  connected  capacity,  and  work  is  car- 
ried through  it  continuously  by  conveyor.  Ovens  turning  out 
a  car  per  minute  and  requiring  over  3000  kw.  to  heat  have 
been  in  use  for  several  years  in  one  automobile  shop.  The 
electric  baking  of  japan,  paints,  lacquers,  varnish,  etc.,  has 
come  to  be  considered  a  standard  process  in  many  lines  of 
manufacture. 

Tests  made  on  a  vertical  type  of  electrically  heated  glass 
annealing  lehr  show  a  reduction  in  over-all  cost  of  product 
of  20  per  cent  over  that  in  the  gas-heated  lehr.  This  saving 
was  equivalent  to  seventy-five  times  the  cost  of  the  electric 
power  for  heating  the  lehr.  This  type  of  lehr  for  anneahng 
glass  presents  many  positive  advantages  for  rapid,  uniform, 
and  economic  annealing  of  most  commercial  glass.  The 
box  type  oven  or  lehr,  electrically  heated,  serves  with  equal 
advantage  for  other  types  of  glass,  including  optical  and  tel- 
escopic lenses.  Some  of  these  advantages  are  as  follows: 
(1)  High  thermal  economy,  (2)  satisfactory  heat  distribu- 
tion, (3)  small  floor  space,  (4)  possibility  of  location  near 
fabricator,  receiving  the  ware  at  higher  temperature,  (5) 
reduction  in  labor,  (6)  lack  of  opportunity  for  ware  to  ab- 
sorb products  of  combustion,  (7)  low  temperature  gradi- 
ents, (8)  automatic  heat  control  (±2.5°  C.  may  be  secured), 
(9)    annealing  time  less  than  one-half  of  the  present-day 


fuel  fired  lehr,  (10)  practical  elimination  of  rejects,  distor- 
tion, and  breakage  due  to  heat  treatment,   (11)  freedom 
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from  sulfuring  of  the  ware  and  the  production  of  a  bright 
polished  surface  requiring  no  subsequent  cleaning  and  wash- 
ing, and  (12)  a  sterile  and  absolutely  clean  product,  such  that 
prescriptions  where  this  is  important,  as  in  medicinals,  may 
be  filled  in  and  sealed  immediately  after  leaving  lehr. 

A  portable  metallic  resistor  furnace,  with  a  hearth  dimension 
of  10.5  in.  wide  by  21  in.  long,  is  ideally  suited  for  annealing, 
hardening,  and  tempering  or  drawing  files  or  small  tools 
in  the  ordinary  tool  room.  It  is  likewise  suited  to  any  heat- 
ing requirements  where  the  charges  do  not  require  more 
than  1800°  F.  Some  of  its  advantages  over  fuel  fired  uii- 
muffled  furnaces  are  as  follows:  (1)  Radiant  heat,  (2)  sat- 
isfactory heat  distribution,  (3)  automatic  control  of  tem- 
peratures if  desired,  (4)  practically  nonoxidizing  atmosphere 
if  desired,  (5)  small  amount  of  heat  given  off  to  the  room,  (6) 
no  products  of  combustion  or  obnoxious  gases  given  off 
to  heating  chamber  or  room,  (7)  ratio  of  heat  generation 
to  heat  absorption  by  charge  correctly  maintained,  (8) 
uniform  and  complete  penetration  of  heat  through  charge 
without  overheating  of  corners,  fins,  or  surfaces,  (9)  ability 
to  repeat  desired  heat  cycle  giving  uniformity  of  product, 
(10)  a  reduction,  generally,  in  labor,  and  (11)  a  better  over-all 
economy  and  the  production  of  higher  quality  product  at 
the  same  or  slightly  higher  cost  or  the  same  quality  at  a 
lesser  over-all  cost. 

Fig.  6  is  a  view  of  the  interior  heating  units,  hearth  and 
walls,  of  a  furnace  with  a  rotating  hearth  wliich  is  being  used 
for  heat  treating  parts  in  an  automobile  factory.  Its  re- 
sistors are  metaUic  and  its  temperature  limit  is  180°  F.  It 
operates  normally,  at  1550°  F.,  3  phase,  440  volts  with  270 
kw.  connected  capacity.  The  furnace  has  automatic  tem- 
perature control  and  operates  to  heat  such  parts  as  engine, 
crank-shafts,  etc. 
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Electrically  heated  furnaces  are  well  adapted  to  baking 
vitreous  enamels.  One  of  the  chief  disadvantages  of  the  coal, 
gas,  or  oil  fired  furnace  is  that  the  muffle  periodically  sags 
and  breaks,  with  resultant  loss  of  product  and  of  time   for 
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repairs.  This  is  avoided  in  the  electric  furnace.  Another 
disadvantage  which  is  not  met  in  the  electric  furnace  is  the 
presence  of  sulfur  fumes.  Furthermore,  even  distribution 
of  heat  can  be  obtained  only  with  electric  installation.  The 
furnace  can  be  loaded  from  the  rear  wall  almost  to  the  door 
and  burned  down  to  a  finish,  leaving  a  clean  white  enamel. 
The  cost  of  the  electric  furnace  is  considerably  higher  in 
original  investment,  but  the  saving  in  space  and  cleanliness 
soon  make  the  difference  in  price  a  matter  of  secondary  im- 
portance. The  power  cost  is  also  higher.  However,  with 
the  additional  output,  tests  show  that  the  actual  cost  per 
pound  of  metal  handled  will  compare  very  favorably  with 
any  other  form  of  fuel.  When  the  electric  furnace  is  able  to 
handle  at  least  170  heats  in  10  hrs.  against  130  heats  by  the 
coal  furnace,  with  a  25  per  cent  greater  weight  of  charge,  and 
without  a  single  reject,  the  comparison  in  cost  of  fuel  assumes 
a  different  proposition,  and  a  value  actually  in  favor  of  elec- 
tric heat.  The  electric  furnace  can  be  brought  from  cold  to 
1700°  F.  in  12  hrs.  A  coal  furnace  would  require  about  3 
days,  an  oil  furnace  24  hrs.,  and  a  gas  furnace  16  to  20 
hrs.  The  outstanding  features  of  the  furnace  have  been  the 
extreme  speed  at  which  it  can  be  heated  up,  and  at  which  it 
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can  be  operated.     Heats  have  been  completed  in  1  min.  50 
sec.  that  would  have  taken  3  min.  40  sec.  in  an  oil  furnace. 

The  muffled  arc  type  of  electric  furnace  is  used  as  a  melt- 
ing furnace,  both  of  the  laboratory  type  and  in  larger  units. 
A  furnace  with  a  hearth  capacity  of  2000  lbs.  of  brass  and 


with  250  kw.  connected  will  melt  yellow  brass  in  pig  or  heavy 
scrap  form  at  the  rate  of  1500  lbs.  per  hr.,  with  a  metal  loss 
of  less  than  1.5  per  cent  and  a  power  consumption  not  in  ex- 
cess of  270  kw.  hrs.  per  ton.  Copper  is  melted  at  the  rate 
of  1300  lbs.  per  hr.  with  a  power  consumption  of  350  kw.  hrs. 
per  ton. 

This  power  consumption  is  based  on  melting  not  less  than 
1500-lb.  charges  and  allowing  20  min.  per  heat  for  charging, 
pouring,  and  foundiy  delays.  Such  a  furnace  is  normally 
provided  with  a  tilting  motor  and  three  electrode  motors, 
all  of  which  are  of  AC  type,  so  that  the  necessity  for  a  DC 
motor  generator  set,  usually  required  for  furnishing  direct 
current  to  the  control  motors,  is  eliminated.  This  type 
of  furnace  operates  at  a  temperature  up  to  and  including 
that  required  for  melting  nickel  and  monel  metal.  A  power 
factor  of  95  per  cent  and  better  is  realized,  together  with 
freedom  from  lead  fluctuations. 

Other  appUcations  of  electric  heating  include  cartridge  unit 
heaters  (similar  in  shape  to  the  ordinary  gun  cartridge), 
which  are  used  in  shoe  making  machines,  cigaret  making 
machines,  stills,  sterilizers,  paper  cup  machines,  etc.  Elec- 
trically heated  compound  melting  pots  find  extensive  use  for 
glue  in  wood  working  shops,  in  battery  works,  book  binding 
and  printing  houses,  and  piano,  paper  box,  and  automobile 
factories. 

Conclusion 

These  few  illustrations  out  of  the  many  working  instaDa- 
tions  in  various  processes  have  been  used  to  indicate  the  ap- 
phcabihty  of  electric  heat  to  advantage  throughout  the  whole 
industrial  heating  field.  It  is  not  to  be  inferred  that  elec- 
tric heat  is  without  a  competitor  in  all  places  and  under  all 
conditions.  There  are,  however,  a  very  great  number  of 
applications  where  electric  heat  may  be  used  to  advantage. 
These  applications  in  various  processes  occur  with  so  great 
frequency  that  it  behooves  the  user  of  heat  processes  to 
question  his  furnace  engineer  thoroughly  concerning  the  pos- 
sibiUties  of  electric  heating  before  revamping  existing  in- 
stallations or  adding  new  thermal  process  equipment. 


Biscuit  and  Cracker  Manufacturers'  Association 

As  a  next  step  in  the  development  of  The  Technical  Bureau 
of  the  Biscuit  &  Cracker  Manufacturers'  Association,  the  Techni- 
cal Committee  has  been  authorized  to  secure  the  services  of 
A.  V.  H.  Mory,  well  known  for  his  success  in  the  organization  and 
direction  of  industrial  laboratories.  A  good  start  has  already 
been  made  in  the  work  of  the  Bureau,  which  was  launched  in 
1919,  as  another  step  in  the  direction  of  insuring  the  highest 
quality  and  uniformity  for  the  Association's  products. 

Mr.  Mory  has  had  broad  experience  as  head  of  the  chemical 
department  of  Armour  &  Company's  Kansas  City  plant,  chief 
of  the  Government  Food  and  Drug  Inspection  Laboratory  at 
Kansas  City,  Mo.,  director  of  the  Technical  Laboratories  of 
Sears,  Roebuck  &  Co.,  and  more  recently  with  the  Procter  & 
Gamble  Company. 

The  new  Technical  Bureau  Director,  who  is  well  known  for 
his  belief  in  directness,  simplicity,  and  common  sense  in  all  the 
relations  of  science  to  industry,  will  find  in  his  new  field  plenty 
of  opportunity  for  accomplishment. 


St.  Louis  Meeting,  American  Ceramic  Society 

The  advance  announcement  of  the  24th  Annual  Meeting 
of  the  American  Ceramic  Society,  February  27  to  March  3, 
1922,  includes  three  days  devoted  to  the  presentation  and 
discussion  of  papers  on  manufacturing  problems,  and  two  days 
of  visiting  industrial  plants.  Round-table  discussions  are  planned 
on  a  large  number  of  subjects,  such  as  heat  conductivity  and 
insulation,  abrasives,  feldspar  resources  and  deposits,  raw 
materials  for  the  glass  industry,  wet  process  enamels  for  cast  iron, 
and  glass  house  refractories.  Forty  papers  are  at  present  in- 
cluded on  the  program,  and  more  are  being  added. 
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The  Flow  of  Fluids  through  Commercial  Pipe  Lines" 

By  Robert  E.  WUson,'  W.  H.  McAdams  and  M.  Seltzer 

R«SBAKC«  LABO.ATOKV  O,  APPU.BD  Ch.M.STKV,  MASSACHOSBTTS  lNST.ruT«  O.  TBCHNO.OOV.  CAMBMDCB,  MASS. 


The  information  at  hand  concerning  the  flow  of  fluids  in 
nine  lines  is  discordant,  scattered,  and  incomplete  except 
in  a  few  special  fields.  The  great  bulk  of  the  work  to  date 
has  been  devoted  to  the  flow  of  water,  from  which  empirical 
relationships  and  constants  have  been  derived,  but  even  in 
this  case  a  study  of  the  results  reveals  considerable  disagree- 
ment among  the  investigators.  Another  range  which  has 
been  carefuUy  studied  is  the  flow  of  viscous  liqmds,  such  as 
heavy  oUs  and  glycerol,  through  comparatively  smaU  tubes. 
Comparatively  Uttle  reliable  experimental  work  has  been 
pubUshed  on  the  flow  of  very  \-iscous  liquids  through  com- 
mercial pipes,  and  practically  none  has  touched  on  the  fnc- 
tional  resistance  of  elbows  in  viscous  flow. 

Certain  general  principles  with  regard  to  the  flow  ot 
fluids  are,  of  course,  generally  recognized.  Thus  it  is  weU 
known  that  there  are  two  general  types  of  motion  for  hquids-- 
usually  caUed  viscous  and  turbulent  flow.  Viscous  flow  is 
characteristic  of  low  velocities,  small  pipes,  or  very  viscous 
liquids.  In  this  form  of  motion,  aU  the  particles  move  in 
lines  paraUel  to  the  movement  of  the  mass  as  a  whole,  though 
the  velocity  of  motion  drops  off  rapidly  from  a  maximum 
at  the  center  to  zero  at  the  outside  of  the  pipe.  The  average 
velocity  over  the  entire  cross-section  of  the  pipe  is  one-half 
the  maximum  value  at  the  center  of  the  pipe.'  This  form 
of  motion  is  shown  graphicaUy  in  Fig.  1.  It  is  to  be  noted 
that  there  are  no  "cross"  or  mixing  currents.  It  is  weU 
established  that  Poiseuille's  formula  holds  for  this  type  of 
motion.  Expressed  in  convenient  engineering  units,  this 
takes  the  modified  form:' 


case  the  velocity  occurs  as  the  square  rather  than  the  first 
power,  while  the  diameter  of  the  pipe  occurs  as  the  first 
power  rather  than  the  square.  Furthermore,  the  viscous 
flow  formula  includes  the  viscosity  of  the  fluid  as  one  factor 
and  does  not  require  any  variable  coeflicient,  while  the 
turbulent  flow  formula  apparently  disregards  the  viscosity 
of  the  liquid,  and  adds  a  variable  friction  factor,  /,  which  is 
a  rather  complicated  function  of  velocity,  pipe  diameter, 
viscosity,  density,  and  the  condition  of  the  pipe  surface. 

It  is  thus  apparent  that  the  above  formula  for  turbulent 
flow  is  only  a  rough  approximation  of  its  true  law  of  motion, 
and  the  results  can  be  made  accurate  only  by  varying  the 
values  used  for  the  friction  factor  /.  Attempts  to  formulate 
a  general  equation  have  resulted  in  the  use  of  fractional 


J/ra^fj^/  L/Ae  MoJia/^ 


Thi-JcrJen^  MoAirJi 


P   = 


0.000668  z/f 


D' 


In  the  case  of  every  fluid,  as  the  velocity  is  increased  a 
point  is  eventuaUy  reached  where  a  rapid  transition  takes 
place  from  viscous  flow  to  an  eddying,  mixing  type  of  niotion 
known  as  turbulent  flow,  and  here  the  net  velocity  distri- 
bution curve  is  much  flatter,  the  average  velocity  bemg 
about  80  per  cent  of  that  at  the  center.  (Seel'"ig.  1.)  J  tie 
transition  velocity  is  caUed  the  critical  velocity  and  its 
magnitude  depends  upon  the  viscosity  and  density  of  the 
liquid  and  the  size  (and  roughness)  of  the  pipe  (increasing 
in  direct  proportion  to  the  first  factor,  and  in  inverse  pro- 
portion to  the  other  two).  ,    ,    ^  a 

The  formula  most  frequently  used  for  turbulent  flow  is 
that  of  Fanning,  which  in  engineering  units  can  be  expressed : 

0.323// ^ti' 
P  =         D 
It  will  be  noted  that  the  principal  differences  between  the 
formulas  for  viscous  and  turbulent  flow  are  that  in  the  latter 
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.  This  may  be  proved  mathematically,  from  the  definition  of  absolute 
viscosity  (see  Lamb,  •Hydromechanics  of  Fluids,"  IDlfi)  and  has  been 
verified  cperimentally  by  Stanton  and  PanncU  Co  lected  Researches, 
National  Physical  Laboratory,  Tcddlngton,  England,  U   (1914)1. 

•  The   following   nomenclature    is   used   throughout  this  paper- 


/  =    friction  factor  (Fanning) 

I  =   length  of  pipe  (ft.) 

t  =   average  linear  velocity  in  pipe 

line  (ft. /sec.) 
t  «=    viscosity    in     ccntipoises     (" 

relative  to  water  at  08°  F.) 
p  -     pressure  drop  (Ibs./sq.  in.) 


specific    gravity   of   liquid 
n  =  inside    pipe    diameter     (in.) 
Q  =    6ow  (gal./min.) 
'j'he  precise  definition  and  measure- 
ment of  these  quantities  is  discussed 
later. 


FlO.   1— COMPAMSON  OF  VISCOUS  AND  TORBULBNT  FlOW  IS  PiPB  LiNBS 

exponents  for  v  and  D,  but  no  two  writers  agree  as  to  the 
exact  magnitude  of  the  exponents,  except  to  place  that  of  v 
generally  between  1.6  and  1.9,  and  that  of  D  between  1.4  and 
1  1     These   attempts   have   fafled,   since   these   exponents 
hold  approximately  constant  only  over  a  Umited  range  of 
velocity  and  diameter.    Corrections  for  roughness  are  also 
a  disturbing  factor.    One  or  two  writers  suggest  putting  z 
into  the  numerator  of  Fanning's  equation  with  a  small 
fractional  exponent  in  the  neighborhood  of  0.4.    The  ditti- 
culty  of  using  such  equations  in  practical  work  is  obvious. 
The  object  of  the  experimental  work  described  herein 
was  to  fill  in  the  gaps  in  the  existing  data  on  the  flow  of 
fluids  in  pipes  of  commercial  size  and  roughness,  especi.illy 
for  very  viscous  liquids  and  in  the  critical  region  betwwn 
viscous  and  turbulent  flow;  and  to  determine  with  reasonable 
accuracy  correction  factors  for  the  pressure  drop  aroun. 
bends     By  combining  these  data  with  a  critical  survey  ot 
existing  information,  it  has  been  found  possible  to  deye  op 
a  simple  but  comprehensive  method  of  treatment  of  the 
whole  subject  of  the  flow  of  all  types  of  fluids  through  com- 
mercial pipe  Unes,  using  a  dngU  method  of  calculation  for 

all  types  of  flow.  ,.,..•        c  i^    w  v: 

This  work  was  undertaken  at  the  instigation  ot  Dr.  U  .  iv. 
Lewis  and  has  profited  greatly  by  his  suggestions  aiid  advice. 
Acknowledgments  are  also  due  to  the  Natural  lube  Coni- 
nany  who  supplied  most  of  the  pipe  and  financed  the  bulk 
of  the  experimental  work;  to  the  Hammcl  Oil  Burning  I'.quii)- 
ment  Company,  who  paid  for  the  installation  of  the  4-in. 
pipe  line  and  for  some  additional  experimental  work;  aiu.  to 
the  Parks-Cramer  Company  and  The  Texas  Company, 
who  supplied  the  oils  used. 

Apparatus 
The  instaUation  for  the  expcrimontal  work  is  shown  dia- 
crainmatically  with  essential  dimensions  in  T'lg.  -,  and  bv 
photographs.  Figs.  3  and  4.  It  included  a  35-h.p.  mo  .,r 
driving  a  rotary  gear  pump  connected  on  the  surt,...n  m  li 
by  4-in.  pipe  to  a  10-ft.  by  ^M.  diameter  storage-  tank.  I  He 
discharge  of  the  pump  was  connected  by  convenient,  valves 
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to  about  150  ft.  each  of  4-in.,  2-in,  and  1-in.  "Welding  Scale 
Free"  standard  steel  pipe,  made  by  the  National  Tube 
Company.  The  actual  diameters  were  measured  and  found 
to  correspond  within  the  limits  of  error  to  the  standard 
dimensions  (Table  II).  These  lines  led  to  a  common  4-in. 
riser  equipped  with  quick-acting  valves  leading  to  two  weigh- 
ing tanks  5  ft.  by  4  ft.  in  diameter.  The  weighing  tanks  were 
on  the  floor  above  storage  tank,  which  conveniently  allowed 
the  liquid  to  flow  back  to  the  storage  tank  by  gravity. 
The  pressure  drop  was  measured  by  means  of  a  vertical 
glass  U-tube  about  10  ft.  high  containing  water  on  mercury, 
which  measured  pressure  differences  up  to  100  lbs.  per  sq.  in. 
This  manometer  was  connected  by  Vs-in.  pipe  lines  to  in- 
clude either  42.04  ft.  of  4-in.  straight  pipe,  50.21  ft.  of  2-in. 
straight  pipe,  or  51.42  ft.  of  1-in.  straight  pipe  by  valve 
manipulation.  The  straight  pipe  was  continued  about  10 
ft.  on  each  side  of  manometer  connections  to  eliminate  all 
effect  of  the  bends.  The  manometer  pipe  lines  containing 
oil  led  to  a  3-in.  diameter  chamber  above  the  manometer 
half  full  of  water,  while  the  lines  from  this  chamber  to  the 
mercury  manometer  were  full  of  water.  Tl:is  scheme  allowed 
instantaneous  pressure  readings,  despite  the  high  viscosity 
of  the  oils.     The  pressure  drop  in  lbs.  per  sq.  in.  for  this 


system   can   readily   be   shown   to   be 


(13.6-1)  X  14.7 


or 


13.6  X  2.54  X  30 
0.179  times  the  manometer  reading  (R)  in  cm.  A  similar 
but  smaller  manometer  measured  the  pressure  drop  around 
the  bends,  which  in  each  case  consisted  of  two  standard  90° 
elbows  (in  the  three  pipe  sizes  listed  above)  connected  by  a 
close  nipple,  with  straight  pipe  leading  to  the  manometer 
connections  which  were  from  6  ft.  to  10  ft.  on  each  side 
of  the  bends.  The  storage  tank  was  equipped  with  a  steam 
coil  for  heating  the  liquids.  Mercury  thermometers  were 
provided  to  indicate  the  temperatures  of  the  oO  at  entrance 
and  ejdt,  while  a  by-pass  around  the  pump  afforded  adequate 


control  of  the  flow.    A  large  air  chamber  beyond  the  pump 
served  to  damp  out  pressure  fluctuations. 
Procedure 

A  series  of  runs  was  made  at  a  definite  oU  temperature 
varying  from  low  to  high  rates  of  flow  and  vice  versa.  The 
whole  system  was  first  brought  to  a  condition  of  steady 
flow,  and  then  suddenly  switched  into  the  empty  weighing 
tank,  recording  the  time  with  a  stop  watch.  The  average 
duration  of  an  individual  run  was  from  1  to  4  min.,  during 
which  time  the  discharge  was  accurately  weighed,  the  pres- 
sure drops  in  the  straight  pipe  and  around  the  bend  were 
noted,  and  the  entrance  and  exit  temperatures  were  read. 
A  series  of  seven  to  ten  runs  at  different  velocities  was  made 
with  each  oil  at  each  temperature.  The  total  number 
runs  made  in  the  course  of  the  experiments  was  about  400. 

As  noted  previously,  the  "pressure  drop  around  the  bend" 
included  the  drop  due  to  two  elbows  and  three  connecting 
sections  of  straight  pipe.  In  order  to  calculate  the  effect 
due  to  the  elbows  alone,  a  correction  obviously  had  to  be 
made. 

The  pressure  drop  through  the  straight  pipe  between  ma- 
nometer connections  (excluding  the  two  elbows)  was  calcula- 
ted from  the  data  secured  at  the  same  time  on  straight  pipe 
alone,  and  this  amount  was  subtracted  from  the  total  pressure 
drop  around  the  bend  as  measured  by  the  manometer. 
This  value  divided  by  two  gave  the  pressure  drop  for  one 
standard  90°  elbow. 

Four  different  oils  were  used  in  the  course  of  this  inves- 
tigation.   They  may  be  briefly  described  as  follows: 

1 — Mexican  petroleum,  a  crude  asphalt  base  oil,  one  of  the 
most  viscous  oils  handled  commercially,  was  used  to  obtain 
data  in  the  upper'  viscous  flow  region. 


'  The  words  "upper"  and  "lower"  in  this  paper  refer  to  regions  with 
comparatively  high  or  comparatively  low  values  of  /  as  indicated  on  Fig. 
12,  etc. 
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2 For  the  lower'  part  of  the  viscous  flow  region,  recourse 

was  had  to  Meprolene,  a  refined  paraffin  base  oil  used  in  oil 
heating  systems.     This  oil  had  a  somewhat  lower  viscosity  than 


Fio  3 — Showing  Two  Weighing  Tanks  (Abovb),  Storagb  Tank, 
AND  One  End  or  Pipe  Lines 

the  Mexican  petroleum  and  could  be  heated  much  hotter  without 
changing  in  composition,  so  it  was  used  over  a  wide  range  of 
viscosities. 

3 — Port  Arthur  light  crude,  a  rather  fluid  fuel  oil,  was  used 
to  cover  the  upper  portion  of  the  turbulent  flow  region,  in  which 
few  data  were  available. 

4 — Modified  Port  Arthur,  made  by  adding  one  barrel  of  Mex- 
ican petroleum  to  fourteen  barrels  of  the  above  oil,  was  employed 
in  order  to  get  a  series  of  points  in,  and  on  both  sides  of,  the 
critical   range. 

Table  I  summarizes  all  essential  information  with  regard 
to  the  four  oils. 

Table  I 


Viscosity 

Gravity 

SAYBOI.T 

at  70 

"F. 

Ckntipoisbs 

Seconds 

Oil 

Source 

Sp.Gr. 

°Bfi. 

70°  F.  100°  K. 

70°  F.   100° F 

Mexican 

Hammel  Oil 

Petroleum 

Burning 

Equip.  Co. 

0.962 

15.7 

4370       970 

20700      4700 

Meprolene 

Parks- 

Cramer  Co 

0.900 

25.4 

3400       815 

17100       4200 

Port  Arthur 

The  Texas 

Light  Crude 

Company 

0.903 

25.0 

65.7     30.7 

330         157 

Modified 

The  Texas 

Port  Arthur 

Company 

0.910 

23.8 

SG.O     39.6 

430         202 

The  viscosity-temperature  curves  for  the  four  oils  are 
shown  on  Fig.  5. 

The  results  obtained  from  the  400  runs  on  the  four  oils, 
together  with  those  in  the  literature  on  the  flow  of  water, 
air  and  steam,  and  a  little  on  oil,  were  sufRcient  to  cover 
the  whole  range  of  conditions  likely  to  be  encountered  in 
commercial  practice. 

Discussion   oi''  Results 

METHOD  OF  PRESENTATION — The  reader  who  is  interested 
solely  in  the  practical  use  of  the  methods  of  calculation  herein 


recommended  may  well  refer  at  once  to  the  later  section  de- 
scribing only  the  recommended  methods  of  calculation. 
However,  in  order  to  present  the  basis  for  and  show  the 
validity  of  these  final  conclusions,  it  is  necessary  to  discuss 
in  some  detail  the  theory  and  existing  data  pertaining  to  the 
flow  of  fluids. 

The  engineer  who  is  habitually  making  calculations  for 
the  flow  of  a  given  type  of  fluids  through  pipe  lines  is  usually 
able  to  assemble  from  various  sources  some  data  or  empirical 
equations  applicable  with  fair  accuracy  to  the  particular 
set  of  conditions  in  which  he  is  interested,  and  to  develop 
a  reasonably  satisfactory  procedure  for  making  the  neces- 
sary calculations.  Even  for  the  comparatively  simple  case 
of  water,  however,  interpolations  must  be  made  from  values 
given  in  tables  for  arbitrary  friction  factors,  and  the  values 
given  by  two  different  references  are  Ukely  to  vary  by  as 
much  as  30  or  40  per  cent.  Furthermore,  no  mention  is 
made  in  most  texts  on  hydraulics  of  the  possibility  of  straight 
line  flow  for  water,  which  does  take  place  in  small  tubes  at 
moderate  velocities.  The  use  of  the  customary  formula 
in  this  range  will  cause  enormous  errors. 

Much  less  fortunate,  however,  are  the  majority  of  chem- 
ists and  engineers  who  have  but  infrequent  occasion  to  make 
such  calculations,  especially  if  they  venture  out  of  the  beaten 
path  of  the  flow  of  water,  air,  or  steam.  Fundamental 
exposition  of  the  general  laws  of  flow  are  rare,  usually  highly 
mathematical,  and  expressed  in  absolute  units.  Practical 
data,  on  the  other  hand,  are  scattered  in  many  different 
periodicals,  expressed  in  a  wide  variety  of  units,  and  generally 
cover  only  a  narrow  range  of  data  on  a  given  article.  In 
the  typical  reference  handbooks  different  empirical  formulas 
are  given  for  the  flow  of  air,  steam,  and  water,  but  even  with 
the  aid  of  all  the  foregoing  information  it  is  unpossible  for 
one  unfamiliar  with  the  subject  to  calculate  the  rate  of 
flow  of  an  oil,  knowing  merely  the  Saybolt  seconds,  or  of  a 
gas,  knowing  its  viscosity.  As  a  result  of  this  situation, 
the  average  engineer  has  almost  completely  lost  sight  of 
the  fact  that  all  fluids  obey  identically  the  same  fundamental 
laws  of  flow. 


Fig.  4 — Showing  Pump  and  Manomhtkrs 
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Mo.st  of  the  foregoing  difficulties  are  due  simply  to  the 
failure  to  treat  the  whole  subject  of  the  flow  of  fluids  in  a 
comprehensive  manner  and  in  a  place  readily  accessible  to 
the   average   individual.    There   are,    however,   two   more 
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serious  difficulties  which  are  somewhat  harder  to  solve  satis- 
factorily: first,  the  fact  that  the  two  kinds  of  motion  follow 
two  different  formulas,  which  greatly  complicates  the  cal- 
culations required  to  be  certain  of  the  correct  result;  and 
second,  the  fact  tiiat  in  the  formula  for  turbulent  flow  there 
is  a  variable  coefficient  /,  which  is  a  somewhat  indefinite 
function  of  velodty,  pipe  diameter,  viscosity,  density,  and 
condition  of  the  pipe  surface. 

When  deoling  with  water  alone,  where  the  density  is 
substantially  constant,  and  variations  in  viscosity  are  usually 
disregarded  (though  they  should  not  be),  it  is  of  course 
possible  to  meet  the  situation  fairly  well  by  the  use  of  tables 
showing  the  value  of  /  for  different  velocities  and  pipe  sizes. 
When,  however,  au  attempt  is  made  to  extend  the  formula 
to  cover  ether  liquids  and  gases,  thus  bringing  in  two  addi- 
tional variables,  viscosity  and  density,  which  affect  /,  the 
situation  apparently  becomes  well-nigh  hopeless.  As  a 
result  the  common  practice  has  been  to  work  out  separate 
formulas  or  flow  tables  holding  over  certain  ranges  for  each 
of  the  common  fluids,  and  to  leave  the  rest  of  the  subject 
to  be  covered  by  some  very  rough  general  formulas,  fre- 
quently with  fractional  exponents  applicable  only  over  a 
limited  range. 

Fortimately,  however,  it  has  been  predicted,  apparently 
first  by  Stokes'  in  England  abou<  seventy  years  ago,  and 
since  then  rediscovered  by  several  others'  interested  in  the 
theoretical  side  of  the  flow  of  fluids,  that  although  the  vari- 
able   friction    factor  /  is  a  function  of  the  four  variables 

«  Math,  and  Phys.  Papers,  Vol.  Ill  (1850),  17. 

•  Reynolds,  Trans.  Roy.  Soc.  London,  1883,  935;  Helmholtz,  "Wis- 
senschafUiche  Abhandlungen."  I  (1873),  158:  Rayleigh,  Phil.  Mag.,  48 
(1889),  321;  Lamb,  "Hydrodynamics  of  Fluids,"  Cambridge  Univ.  Press, 
4th  Ed.,    638. 


above  mentioned,  it  is  not  an  independent  function  of  these 

quantities,   but   a  function   only  ofthe  expression  .'" 

z 

This  obviou.'sly  makes  possible  a  great  simplification  in  the 
treatment  of  the  subject,  but  it  has  unfortunately  been  men- 
tioned almost  exclusively  in  highly  mathematical  papers 
dealing  primarily  with  the  theoretical  side  of  the  flow  of  fluids. 
In  1912  Blausius"  gave  a  good  re^'iew  of  the  theory,  re- 
calculated the  data  of  Saph  and  Schoder^''  for  water  in 
smooth  brass  and  galvanized  iron  pipes  and  the  data  of 
Nussett"  for  compressed  air,  and  showed  that/ was  a  function 

of ,  as  required  by  the  theory.   This  paper  has  apparently 

z 

been  almost  completely  overlooked  out.-ide  of  Germany. 
By  far  the  most  thorough  existing  treatment  of  the  sub- 
ject from  this  point  of  view  is  in  connection  with  the  recent 
work  (during  the  war)  of  the  British  National  Physical 
Laborafory,"  who  used  the  method  in  the  presentation  of 
accurate  data  over  a  wide  range.  This  work  of  the  N.  P.  L., 
primarily  on  air  and  water,  in  very  smooth  tubes  up  to  3  in. 
in  diameter,  definitely  substantiated  for  these  conditions 
the  prediction  of  Stokes  and  others  that  the  friction  factor  / 
is,  within  the  limits  of  error,  a  function  of  the  simple  ratio 

rather  than  an  independent  function  of  the  separate 

variables.    These  important  results  have  received  surprisingly 
little  attention  in   this   country.'^ 

While  the  method  of  treatment  hereinafter  followed  is 
based  primarily  on  this  valuable  work  of  the  National  Physi- 
cal Laboratory,  the  following  modifications  or  amplifications 
ct  that  work  have  been  made  in  this  article: 

1 — For  the  sake  of  convenience  in  practical  use,  all  results 
are  expressed  in  English  engineering  units,  rather  than  absolute 
or  metric  units. 

2 — Less  emphasis  is  placed  on  the  imstable  region  of  flow 
between  viscous  and  tiurbuleut  motion. 

.3 — Extensive  data  have  been  obtained  on  commercially  smooth 
pipes  with  standard  couplings,  which  are  shown  to  give  different 
results  from  the  extremely  smooth  drawn  brass  tubes  used  by 
the  N.  P.  L. 

4 — Data  have  been  secured,  mainly  from  the  literature,  on 
much  larger  sizes  of  pipe  than  the  comparatively  small  tubes 
used  by  the  N.  P.  L. 

5 — -Many  more  data  have  been  secured  on  the  flow  of  highly 
viscous  liquids  through   commercial   pipes. 

6 — ^CompIete  details  are  given  to  make  possible  the  use  of  a 
single  method  of  calculation  for  all  types  of  flow,  which  is  highly 
desirable  from  a  practical  standpoint. 


"  This  is  due   to   the   fact  that  /  is  a   factor    "without    dimensions," 

and  hence  can  only  be  a  function  of  another  expression  without  dimensions. 

The  only  combination  of  the  four  factors  D.  V,  s,  and  z  which  cancels  out  all 

.        D   V  s 

dimensions,  is  the  expression  


It  is  not  necessarily  independent  of 


the  units  used,  unless  consistent  absolute  (either  English  or  French)  units 
are  used  for  all  quantities,  which  is  not  the  case  in  this  article. 

11  Z.   Vcr.  deul.  Ing.,  66  (1912),  639. 

IS  Trans.   Am.    Soc.    Civil   Eng.,   SI    (1903),  253. 

'>  "Mitteilungen    uber    Forschungsarbeiten,"    44. 

'*  Collected  Researches,  National  Physical  Laboratory,  Teddington, 
England,  Stanton  and  Pannell,  Vol.  11  (1914),  and  Pannell  and  Hifgins 
Vol.   13  (1916).     This  is  hereafter  called  the  "N.  P.  L."  data  and  curves. 

'•  Since  this  paper  in  preliminary  form  was  presented  at  the  Chicago 
meeting  of  the  American  Chemical  Society  (September  1920)  an  article 
by  A.  C.  Preston  has  appeared  in  Chemical  and  Metallurgical  Engineering, 
for  September  29  and  October  6,  1920,  which  presents  some  of  these  results 
in  graphic  form.  The  Kinney  Manufacturing  Company  and  the  King- 
Knight  Company  have  also  published  two  editions  of  an  excellent  booklet 
of  the  flow  of  oils  which  makes  use  of  these  N.  P.  L.  data  and  method  of 
presentation.  Buckingham  also  discusses  these  data  mathematically  in  the 
Trans.  Am.  Soc.  Mech.  Eni..  37  (1915),  263. 
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In  making  use  of  the  fortunate  fact  that  /  in  Fanning's 
equation  is  a  function  of rather  than  of  all  the  variables 

independently,  the  obvious  way  to  present  experimental 
data  is  to  plot  the  values  of  /,  calculated  from  Fanning's 
equation  for  a  given  set  of  observations,  against  the  cor- 
responding value  of  —J- . 

z 

At  first  sight  this  method  of  presentation  would  seem 
applicable  only  in  the  region  of  turbulent  flow,  since  a  differ- 


0.000668  -FT7),is  known 


ent  law,  Poiseuille's  (where  p 

to  hold  for  the  region  of  viscous  flow 

paring  this  equation  ^\^th  Fanning's  (p  =  0.323 


However,  by  com- 

flsv\ 


it  will  be  noted  (as  pointed  out  by  Blausius)  that  if  /  = 
z 


0.00207 


Dvt 


the  two  equations  become   identical.      Fur- 


thermore, values  of  /  which  fulfil  the  latter  equation  must  all 
lie  on  a  line  (straight  on  a  logarithmic  plot)  on  the  above- 

D  V  s 
mentioned  plot  of  /  against .      It  is  therefore  possible  to 

calculate  all  experimental  results,  regardless  of  the  tj'pe 
of  flow,  on  the  basis  of  Fanning's  equation,  and  plot  the 
resulting  values  of  /,  wliich  should  approximate  the  above- 
mentioned  line  if  Poiseuille's  law  holds  for  a  given  case. 
Conversely,  by  referring  to  such  a  diagram  for  the  values 

of  /  corresponding  to  a  given  value  of    -,  it  becomes 

possible  to  calculate  the  pressure  drop  for  any  condition  of 
flow  using  only  a  single  formula  (Fanning's). 

This  method  of  presenting  data  is  therefore  used  through- 
out the  following  discussion.  It  may  be  well  at  this  point 
for  the  reader  to  refer  to  Fig.  12,  wliich  shows  the  value  of 
/  (plotted  logarithmically)  over  substantially  the  entire 
range  of  conditions  met  with  commercially.  For  convenience 
in  the  presentation  of  experimental  results,  this  curve  has 
been  enlarged,  divided  into  three  sections,  and  the  data  per- 
taining  to   each   one   discussed   separately. 


Se  S9    0     <u    a^    aa  of    es  oe  ffy  a« 
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DATA  IN  VISCOUS  FLOW  REGION — Three  sets  of  runs  have 
been  made  by  this  Laboratory  in  the  viscous  flow  region — 
one  with  Mexican  crude  in  the  highest  viscosity  region; 
one  with  Meprolene  over  a  wide  intermediate  range  of  vis- 
cosities obtained  by  varying  the  temperature;  and  a  few 
results  with  modified  Port  Arthur  in  the  smaller  sizes  of  pipe. 


V    e    ^    jt?  ^  y^  y.j 


The  individual  observations  on  the  first  two  oils  are  most 
definitely  shown  in  Figs.  6  and  7,  where  the  logarithm  of 
the  velocity  is' plotted  against  the  logarithm  of  the  pressure 
drop  in  each  series  of  runs  in  which  the  viscosity  and  pipe 
size  were  kept  constant.  This  is  a  convenient  method  of 
checking  up  on  the  variability  of  indi\'idual  results  and 
showing  a  large  number  of  points  in  which  all  the  data  with 
regard  to  a  given  run  are  evident  from  an  inspection  of  the 
plot  (which  is  not  true  when  the  observed  value  of  /  is  merely 

plotted  against  ,  as  in  Fig.  8).  ' 

z 

Through  each  of  these  series  of  points  the  best  repre- 
sentative line  has  been  drawn  and  the  slope  is  indicated  in  the 
figures.  According  to  PoiseuUle's  law  the  pressure  drop 
should  be  proportional  to  the  velocity  and  these  slopes  should 
equal  1.00.  Actually  they  are  found  to  vary  from  0.95  to 
1.06,  with  an  average  of  1.01.  As  far  as  the  velocity-pressure 
drop  relationships  are  concerned,  therefore,  Poiseuille's 
formula  appears  to  hold  within  the  limit  of  error  of  the 
experiments,  which  is  rather  high  in  case  of  the  heated  oils 
in  viscous  flow  because  of  the  nonuniform  distribution  of 
temperature  throughout  tlie  pipe.  It  will  be  noted  that  the 
concordance  of  the  individual  points  with  the  line  is  satis- 
factory in  substantially  all  cases.  Data  on  the  Mexican 
petroleum  in  1-in.  lines  are  omitted  because  (on  account  of 
the  high  frictional  resistance)  the  temperature  of  the  oil 
rose  as  much  as  10°  or  12°  in  passing  through  the  i)ipe  and 
it  was  impossible  to  get  rei)roducil)le  or  concordant  results. 

It  will  also  be  noted  that  two  of  the  lines  show  breaks 
in  the  slope,  indicating  a  cliange  from  viscous  to  turbulent 
flow  in  the  cases  of  the  2-in.  and  4-in.  pipes  with  the  hottest 
oil  (165°  F.). 

Since  the  number  of  imliviilual  observations  in  this  range 
was  so  large,  the  method  of  ('hecking  up  the  results  as  a 
wliolc  (as  to  the  effect  of  viscosity  and  i^ipe  size  as  well  as 
velocity)  by  plotting  the  calculated  values  of  /  was  not  ap- 
plied to  each  imlividMiil  ol)servation,  but  to  three  points — 


no 
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one  from  the  middle  and  one  from  either  end  of  each  of  the 
lines  shown  in  Figs.  6  and  7.  The  points  thus  obtained  are 
shown  graphically  in  Fig.  8.  It  vn]l  he  noted  that  in  the 
upper  portion  of  the  plot  they  agree  very  well,  but  in  the 
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lower  portion  the  majority  of  the  points  determined  by 
Seltzer  and  Kendall  fall  below  the  theoretical  Une.  This 
deviation  is  unquestionably  due  to  the  fact  that  all  results 
lying  in  this  region  were  obtained  by  the  use  of  the  Mepro- 
lene  heated  to  a  fairly  high  temperature.  In  such  cases  there 
is  a  very  wide  temperature  gradient  between  the  warm  center 
and  the  cold  outside  of  tlie  pipe,  due  to  the  absence  of  any 
convection  or  mixing  currents  in  viscous  flow,  and  it  is  practi- 
cally impossible  to  make  an  accurate  measurement  or  cal- 
culation of  the  effective  average  temperature.  The  temper- 
atures used  in  the  calculations  were  measured  by  thermom- 
eters in  weUs  in  the  4-in.  pipe  line  just  beyond  the  entrance 
and  exit  of  the  2-in.  and  1-in.  Unes,  as  indicated  in  Fig.  2. 
The  thermometer  therefore  recorded  a  temperature  nearer 
to  that  of  the  pipe  and  the  outside  cool  layers  of  the  oU  than 
to  the  true  average  effective  temperature,  since  most  of  the 
flow  was  undoubtedly  taking  place  in  the  hot  center  core. 
The  theoretical  values  of  the  friction  factor  corresponding 
to  these  high  values  for  the  viscosity  were,  therefore,  higher 
than  the  observed  points  in  the  region  where  measurements 
were  made  on  hot  oil.  The  deviation  averaged  about  17 
per  cent  in  the  highest  temperature  runs,  and  was  worst,  as 
might  be  expected,  in  the  1-in.  pipe,  where  the  velocity 
through  the  4-in.  exit  line  was  extremely  low.  An  error  of 
only  3°  or  4°  in  the  effective  average  temperature  would 
account  for  the  above  divergence. 

In  order  to  obtain  some  further  data  another  brief  series 
of  runs  was  made  by  Kite  and  Kennedy  covering  the  lower 
portion  of  this  region,  using  the  modified  Port  Arthur  oU 
at  ordinary  temperatures.  For  some  unexplained  reason 
(possibly  an  error  in  the  viscosity  determinations)  the  re- 
sults of  this  series  of  runs  (hollow  squares  on  Fig.  8)  were 
about  as  much  above  the  theoretical  line  as  the  other  series 
were  below,  the  average  of  the  two  checking  the  theoretical 
line  very  closely. 

The  only  other  satisfactory  data  on  xascous  flow  of  heavy 
oUs  through  commercial  pipes  appear  to  be  the  single  set 
of  experiments  of  the  N.  P.  L.,  and  some  results  of  the  Stand- 
ard Oil  Company  of  California  on  pipes  up  to  12-in.  diam- 
eter, pubhshed  in  their  bulletin  on  the  California  Oil 
Pipe  Line.  Representative  points  from  both  of  these  sources 
are  also  recorded  on  Fig.  8.  In  calculating  over  the  latter 
results  use  was  made  of  a  table  of  ■vdscosities,  privately  com- 


municated by  the  Standard  OU  Company,  correcting  the 
data  given  in  the  booklet. 

Considering  the  results  as  a  whole,  while  there  is  con- 
siderable variation  both  above  and  below  the  line,  due  to 
factors  such  as  frictional  heating  in  the  pipe  and  variations 
in  temperature  between  the  inside  and  the  outside,  there 
can  be  no  real  doubt  as  to  the  essential  validity  of  PoiseuiUe's 
formula  for  xdscous  flow  in  pipes  of  commercial  size  and 
roughness.  Since  the  same  law  has  been  checked  up  very 
closely  for  all  types  of  hquids  in  extremely  smooth  gla.ss  and 
metal  tubes,  it  is  evident  that  the  roughness  of  the  pipe  is  a 
comparatively  small  factor  in  determining  the  resistance  to 
viscous  flow — as  might  indeed  be  anticipated  on  theoretical 
grounds,  since  there  is  in  anj'  case  a  practically  stationary 
and  fairly  thick  film  of  oil  on  the  inside  surface  of  the  pipe. 
It  will  be  noted  that  tliis  conclusion  is  quite  different  from 
that  drawn  from  results  obtained  in  the  turbulent  flow  region. 

DATA  IN  CRITICAL  AND  UPPER  TURBULENT  FLOW  REGIONS — 

Possibly  the  most  interesting,  and  at  the  same  time  the 
most  troublesome,  portion  of  the  subject  of  the  flow  of  fluids 
is  the  critical  region  between  ^dscous  and  turbulent  flow. 
Fig.  8a  brings  out  the  essential  facts  as  they  appear  from  a 
careful  study  of  the  various  experiments  (usuaUy  in  small 
tubes)  described  in  the  literature.'*  The  solid  lines  are  the 
portions  of  the  viscous  and  turbulent  flow  curves  about  which 
there  is  httle  doubt;  the  turbulent  flow  line  extended  to  the 
left  intersects  the  viscous  flow  line  at  Point  1  frequently 
referred  to  as  the  "minimum"  critical  point.  The  weight 
of  evidence  seems  to  indicate  that  these  two  intersecting 
Unes  represent  the  most  stable  conditions  of  flow,  it  being 
noteworthy  that  the  type  of  motion  giving  the  largest  value 
of  /  (and  hence  the  greatest  dissipation  of  energy)  for  a  given 

value  of  is  the  one  which  tends  to  prevail. 

z 

Actually,  however,  it  is  observed  in  careful  laboratory 
experimentation  that  viscous  flow  has  a  marked  tendency 
to  perpetuate  itself  under  conditions  where  turbulent  flow 
would  be  expected,  while  the  opposite  tendency  has  never 
been  noted.     If,  for  a  given  liquid  flowing  through  a  given 

pipe,  the  velocity  (and  hence  )  is  gradually  increased 

z 

and  no  disturbing  influences  are  present,  the  observed  values 
of  /  tend  to  follow  the  dotted  extension  of  the  viscous  flow 
hne  for  some  distance  beyond  the  lower  critical  point,  and 
observations  to  determine  the  type  of  flow  by  means  of 
colored  threads  of  liquid  indicate  that  it  is  still  \'iscous. 
Sooner  or  later,  however,  a  point  is  reached  where  the  flow 
suddenly  changes  to  turbulent  and  the  values  of  /  quickly 
rise  to  the  turbulent  flow  hne,  as  indicated  on  Fig.  8a.  There 
is  mde  disagreement  as  to  the  exact  location  of  this  "higher" 
critical  point,"  the  evidence  indicating  that,  as  would  be 
expected  for  an  essentially  unstable  type  of  flow,  it  varies 
greatly  mth  conditions;  many  disturbing  factors,  such  as 
surface  rouglmess  in  the  pipe,  the  presence  of  valves  and 
fittings,  changes  in  cross-sectional  area,  \'ibrations,  turbulence 
of  the  entering  water,  all  tend  to  make  the  change  from  vis- 
cous to  turbulent  flow  come  sooner  than  under  more  ideal 
conditions. 

Properly  speaking,  therefore,  reference  should  be  made  to 
a  critical  region,  rather  than  to  a  critical  point  or  points. 
Furthermore,  most  authorities  state  that  if  tliis  critical 
region  is  entered  by  gradually  loicering  the  velocity  from  the 

"Lamb,  "Hydrodynamics,"  4th  EJ.  (1916),  Cambridge  Univ.  Press. 
651;  Russell,  "Textbook  of  Hydraulics"  (1908),  110:  Reynolds  and  Osborne, 
Proc.  Roy.  Soc.  London,  35  (1SS3),  94;  Barnes  and  Coker,  rbid.,  7* 
(1904-S),  341. 

"  There  is  also  some  disagreement  in  the  literature  as  to  whether  Point 
2  or  3  should  be  called  the  higher  critical  point. 
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turbulent  flow  side,  the  tendency  is  to  follow  the  dotted  tur- 
bulent flow  line  clear  over  to  the  point  of  intersection,  with- 
out any  abnormal  dip  in  the  observed  values  of  /.  Experi- 
mental results  seem  to  indicate,  however,  that  while  turbulent 


/^ 
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Fig.  8a — Diagrammatic  Rbpresentation  of  Different 

Flow  Curves  Obtained  in  the  Critical 

Flow    Region 

flow  tends  to  persist  longer  under  these  conditions,  it  may 
nevertheless  return  to  viscous  flow  before  Point  1  is  reached. 
The  N.  P.  L.,  working  with  extremely  smooth  tubes,  have 
obtained  the  most  consistent  series  of  data  in  this  region 
which  has  thus  far  been  available,  practically  all  their 
points  falling  within  3  or  4  per  cent  of  the  curve  shown  in 
Fig.  9.  (The  number  of  points  determined  by  the  N.  P.  L. 
is  so  large  that  reference  must  be  made  to  the  original  article 
for  such  details.)  The  recalculated  data  of  Saph  and  Scho- 
der'^  also  check  this  curve  very  well,  showing  that,  with 
very  smooth  pipe,  even  the  critical  region  gives  fairly  con- 
sistent values  of  /  when  plotted  against .      The  abnor- 

z 

mal  dip  in  the  curve  as  determined  by  them  is  both  wider  and 
deeper  than  would  be  indicated  by  a  few  experiments  under 
commercial  conditions,  though  it  is  less  pronounced  than 
has  been  found  by  some  experimenters  under  ideal  conditions 
in  glass  tubes. 

In  view  of  the  almost  complete  lack  of  accurate  data  for 
commercial  pipes  in  this  region,  this  I-aboratory  undertook 
a  rather  extensive  investigation  of  the  phenomenon  in  1-in., 
2-in.,  and  4-in.  pipes,  with  the  Port  Arthur  light  crude  and 
modified  Port  Arthur  oils,  the  results  of  which  are  shown 
in  Fig.  9.  Since  the  observed  points  indicate  a  much  smaller 
dip  in  the  critical  region  for  commercial  pipe  than  is  found 
by  the  N.  P.  L.  (undoubtedly  due  to  surface  roughness,  the 
presence  of  couplings,  vibrations,  etc..)  and  furthermore, 
since  the  presence  of  other  disturbing  factors  or  special 
operating  conditions  are  at  any  time  likely  to  bring  the 
pressure  drop  up  to  the  theoretical  line  for  turbulent  flow, 
it  appears  to  the  authors  that  the  propci-  treatment  of  this 
region  for  practical  ijurjjoses  in  commercial  i)ipc  lines  is  to 
assume  the  turbulent  flow  line  as  extending  .straight  over 
to  the  viscous  flow  line,  thus  simplifying  the  treatment  and 
being  on  the  safe  side  in  all  calculations.  This  would,  of 
course,  lead  to  slight  errors  if  the  pressure  drop  through 
a  commercial  pipe  line  were  used  as  a  measuring  system  in 
this  region  of  flow,  but  no  such  method  of  measurement, 
regardless  of  the  friction  factors  assumed,  can  give  reliable 
and  reproducible  results  in  this  unstable  region. 


This  method  of  treatment  indicates  that  the  critical  ve- 

D  V  s 


locity  for  commercial  pipes  occurs  when 
0.12  z 


0.12  or 


V  = 


Ds 


■,  which  is  much  lower  than  the  values  based  on 


work  in  glass  tubes,  which  are  the  ones  customarily  quoted 
in  reference  books.    As  indicated  above,  however,  the  flow 


is  variable  and  uncertain  for  values  of 


Bvs 


between  0.12 


and  0.4  (or  possibly  even  higher  under  ideal  conditions) 
and  reference  should  be  made  to  a  critical  region  rather  than 
to  a  critical  point  or  points.  Fortunately,  in  the  method  of 
calculation  recommended  hereinafter  there  is  no  need  what- 
ever of  knowing  the  critical  velocity,  since  the  same  formula 
is  used  for  both  types  of  flow. 

Considering  next  the  upper  part  of  the  turbulent  flow  re- 
gion, also  shown  in  Fig.  9,  the  data  obtained  in  this  Labora- 
tory by  Kite  and  Kennedy,  and  by  Lewis,"  appear  to  be 
the  only  reliable  data  for  commercial  pipes  in  this  region, 
although  there  are  a  considerable  number  available  in  the 
lower  part  of  the  turbulent  flow  region.  It  will  be  noted 
that  the  concordance  of  the  points  (except  a  few  of  Lewis') 
is  much  better  than  it  was  in  the  viscous  flow  region,  owing 
to  the  fact  that  in  turbulent  flow  the  temperature  is  substan- 
tially constant  throughout  the  pipe,  and  that  variations  in 
viscosity  have  much  less  effect  in  turbulent  than  in  viscous 
flow.  Furthermore,  there  is  no  consistent  difference  between 
2-in.  and  4-in.  pipes,  though  the  1-in.  results  appear  to  aver- 
age very  slightly  higher.  The  results  are,  however,  con- 
sistently higher  than  those  obtained  by  the  N.  P.  L.  on  smooth 
pipe  in  the  same  region — the  divergence  averaging  about  15 
per  cent.  Unfortunately,  practically  no  other  data  are 
available  to  serve  as  a  check  upon  these  results,  but  as  will 
be  noted  later  from  a  consideration  of  Fig.  10,  the  results 
are  entirely  consistent  with  those  obtained  by  many  ob- 
servers in  the  lower  part  of  the  region. 

DATA  IN  LOWER  TURBULENT  FLOW  REGION — This  Labora- 
tory has  secured  no  original  data  in  the  lower  turbulent 
flow  region,  primarily  because  this  appeared  to  be  well 
covered  by  the  results  of  a  number  of  other  experimenters 
both  in  very  smooth  and  in  commercial  pipe. 
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Again,  for  very  smooth  pipe,  the  lower  line  in  Fig.  10 
represents  very  well  the  accurate  and  liighly  satisfactory 
data  of  the  N.  P.  L.,  which  are  sulistantially  idpntica!  with 
the  curve  obtained  on  recalculating  the  results  of  Saph 
and  Schoder  in  smooth  brass  pipe. 

There  arc  certain  other  experimenters  whose  data  appear 
to  be  thoroughly  reliable  and  can  be  satisfactorily  represented 

D  V  s 
by  a  smooth  curve  in  plotting/  against  .    It  should  be 

understood  that  most  of  these  data  were  not  (iresentod  in 
this  form  by  the  original  authors,  but  have  liocn  rocalculativl 

"This  Journal,   S   {1916).  627. 
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1— N.  P.  L.,  Phil.  Trans..  1914,  A,  199. 

2— Saph  and  Schoder,  Proc.  .Am.  Soc.  Civil  Eng..  61   (1903).  2.53. 

3 — Lander,  Proc.  Roy.  Soc.  London,   1916,  A,  337. 

4 — Le  Baufre  and  Stuart.   Trans.  Am.  Soc.  Mech.  Eng.,  1919,   655. 


5 — D'Arcy,  Compl.  rend.,  38,  407. 

6— Gibson,  Proc.  Inst.  Meek.  Eng.,  1914,  201. 

7 — Hamilton  Smith  and  Fanning,   "Hydraulic  Tables." 

S — Hughes  and  Safford,  "A  Treatise  on  Hydraulics,"  331. 


either  by  the  N.  P.  L.  or  by  this  Laboratory  to  put  it  in  this 
more  convenient  form.  Curves  are  in  no  cases  drawn  un- 
less there  is  a  reasonably  good  concordance  among  the  points 
when  thus  calculated  and  plotted. 

Considering  briefly  the  other  lines  on  Pig.  10,  the  results 
of  Gibson  with  brine  solutions  in  smooth  copper  tubing  are 
also  only  slightly  above  the  N.  P.  I;,  curve.  The  work  of 
Le  Baufre  and  Stuart  on  condenser  tubes  of  Admiralty  metal 
is  still  slightly  higher  than  these  results. 

Undoubtedly,  the  best  results  on  commercial  steel  pipes 
are  the  comparatively  recent  and  extensive  results  of  Lander, 
in  England,  who  used  steam  and  water  flowng  through  steel 
pipe  and  obtained  a  very  concordant  series  of  results  when 

plotted  against .    It  will  be  noted  that  the  upper  part 

of  Lander's  curve  checks  very  closely  with  that  derived  in 
this  Laboratory  for  oil,  while  the  lower  part  is  still  further 
above  the  curves  for  smooth  pipe. 

It  would  logically  be  expected  that  the  tables  given  in 
reference  books  on  hydraulics  for  the  values  of  /  as  a  function 
of  pipe  diameter  and  \-iscosity  would  be  the  most  satis- 
factory for  the  purpose  of  determining  the  proper  curve  to 
represent  the  extensive  results  on  water  in  commercial  pipes. 
The  tables  compiled  by  Fanning  and  those  by  Hamilton  Smith 
are  those  most  generally  recognized  and  copied  for  this 
purpose." 

It  was  soon  found,  however,  that  plotting  the  values  given 

by  these  authors  against  gave  widely  scattering  points, 

as  is  shown  in  Fig.  9.  Furthermore,  deviations  between 
the  values  given  by  the  two  authors  were  sometimes  as  great 
as  30  per  cent  (mostly  in  large  pipes) .  A  careful  consideration 
of  the  results  indicated  further  that,  if  these  tables  are  correct, 

/  is  not  a  function  of  — ^—  for  very  large  pipes  such  as  are 

z 

used  in  water  mains. 

Being  somewhat  reluctant,  however,  to  accept  this  con- 
clusion, the  authors  made  an  effort  to  resurvey  the  original 
data  on  which  Fanning  and  Hamilton  Smith  based  their 

'•  For  both  sets  of  tables  see  Hughes  and  Safford,    "A  Treatise  on 
Hydraulics,"  p.  331. 


tables.  This  inspection  readily  showed  the  difficulties  en- 
countered in  attempting  to  work  out  these  tables  for  very 
large  pipes.  In  practically  every  case  the  data  obtained  by 
a  given  experimenter  covered  only  one  size  of  pipe,  and, 
furthermore,  no  attempt  was  made  to  measure  the  tempera- 
ture of  the  water.  Since  the  viscosity  of  water  varies  about 
25  per  cent  for  a  variation  of  20°  F.  it  is  undoubtedly  an 
important  cause  of  the  discordant  results  reported.  Other 
variations  were  undoubtedly  caused,  even  in  comparatively 
new  pipes,  by  wide  variations  in  roughness  due  to  tubercula- 
tions,  etc.,  on  the  surface  of  the  pipes.  Being  compelled 
to  derive  formulas  from  tliis  kind  of  scattered  and  unreliable 
data,  especially  for  the  larger  pipes,  it  is  obvious  that  con- 
siderable errors  might  be  made  in  interpolating  and  extra- 
polating results   to   cover  the   whole   field. 

The  authors  therefore  reached  the  conclusion  that  the 
tables  derived  by  Fanning  and  by  Hamilton  Smith  were  as 
good  as  could  be  worked  out,  considering  the  type  of  data 
which  was  available  to  them,  but  that  the  wide  scattering 

D  V  s 
of  the  values  of  /  when  plotted  against  — —  does  not  in  any 


sense  prove  that  /  is  not  a  function  of 
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Typical  in- 


dividual points  from  the  tables  of  these  two  authors  are 
shown  in  Fig.  10.  While  the  deviations  are  obviously  large, 
their  average  deviation  from  the  recommended  curve  for  / 
is  no  greater  than  that  between  the  two  tables  themselves 
in  the  cases  of  the  larger  pipes.  The  results  also  indicate 
clearly  that  for  commercial  pipes,  especially  for  high  values  of 

— —,  the  values  of  /  are  very  much  higher  than  those  ob- 

2 

tained  by  the  N.  P.  I-.  in  smooth  pipe. 

,T>vs 

It  should  be  pointed  out  that  for  a  given  value  of  "y" 

both  tables  tend  to  give  higher  f's  for  pipes  of  smaller  diani- 
eter  working  at  correspondingly  higher  velocities.  This 
might  appear  to  indicate  that  for  very  large  pipes  the  effect 
of  a  given  degree  of  surface  roughness  became  relatively 
less,  and  that  all  large  pipes  gave  results  similar  to  the  N.  P.  L. 
for  very  smooth  pipe;  on  the  other  hand,  it  might  merely 
be  due  to  the  fact  that  the  large  pipes  were  usually  bitumen- 
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covered  wood  and  hence  somewhat  smoother  than  ordinary 
cast  iron  or  steel.  These  results  cannot,  however,  be  given 
as  much  weight  as  those  of  Lander,  which  were  obtained  under 
much  more  carefully  controlled  conditions,  although  not  in 
such  very  large  sizes  of  pipe. 

From  a  careful  consideration  of  these  results,  this  Lab- 
oratory has  determined  (see  Fig.  12)  what  it  believes  to  be 
the  best  values  of  /  for  clean  commercial  pipes,  at  least  those 
from  1  in.  to  8  in.  in  diameter,  in  the  light  of  all  experi- 
mental data  at  present  available.  For  larger  pipes  the  best 
value  of/  probably  deviates  toward  the  lower  ciu've  for  very 
smooth  pipes.  For  very  rough  or  tulierculated  pipes  the 
friction  factors  may,  of  course,  be  much  higher  than  the 
values  given  for  connnercially  smooth  steel  or  cast-iron  pipes. 
The  recommended  line  is  not  drawn  in  Fig.  10  because  it  would 
tend  to  ol>scure  the  other  lines,  but  the  solid  circle  indicates 
its  location  as  drawn  in  Fig.  12. 

This  completes  the  consideration  of  the  data  on  the  flow 
of  all  fluids  in  both  smooth  and  commercial  pipe  lines.  The 
recommended  friction  factors  for  use  under  all  conditions 
are  shown  in  Fig.  12,  as  above  noted.  The  mathematical 
significance  of  these  lines,  and  the  recommended  methods 
of  calculation,   are  discussed  in  later  sections. 

RESISTANCE     TO     FLOW     THROUGH     ELBOWS — The     Subject 

of  the  flow  through  elbows  is  another  on  which  the  data  are 
very  incomplete.  The  most  convenient  method  of  express- 
ing the  frictional  resistance  due  to  an  elbow  of  given  size 
is  in  terms  of  the  equivalent  length  of  straight  pipe  which 
will  give  the  same  resistance  to  the  flow  of  a  given  liquid. 
The  pubUshed  results  on  this  subjrt;t  have  indicated  that 
the  equivalent  length  of  pipe  in  feet  was  nearly  independent 
of  velocity,  but  was  almost  directly  proportional  to  the 
size  of  the  elbow,  and  it  has  therefore  become  customary  to 
express  tliis  equivalent  length  in  terms  of  pipe  diameters, 
rather  than  feet,  so  that  the  figure  will  be  substantially  the 
same  for  all  sizes  of  pipe. 

Expressed  on  this  basis,  the  customary  recommendation 
of  handbooks  is  to  allow  from  30  to  50  pipe  diameters  for 
each  elbow  in  a  line.  An  inspection  of  the  data  indicates 
that  this  rule  is  fairly  well  justified  for  the  case  of  water 
(though  the  figure  of  50  pipe  diameters  is  well  on  the  safe 
side  of  most  of  the  results).  There  are,  however,  compara- 
tively few  data  in  the  upper  part  of  the  turbulent  flow 
region,  and  apparently  none  whatever  in  the  critical  or  viscous 
flow  regions. 

Fig.  11  presents  in  graphic  form  the  results  of  the  ex- 
perimental runs  in  this  Laboratory,  in  which  the  equivalent 
length  of  straight  pipe  in  pipe  diameters  is  plotted  against 

D  t"  s 

.     For  reasons  discussed  in  the  next  section,  the  re- 

2 

sistance  of  the  equivalent  length  of  straight  pipe  was  cal- 
culated from  the  recommended  average  line  on  Fig.  12, 
and  not  from  the  observed  value  in  the  simultaneous  reading 
on  the  straight  pipe  in  a  particular  experiment.  A  con- 
siderable proportion  of  tlie  observed  data  had  to  be  omitted 
from  Fig.  11  to  prevent  the  points  from  becoming  crowded, 
but  the  points  as  given  are  strictly  representative  of  all  the 
results.  In  the  lower  turbulent  flow  region  data  are  also 
added  from  other  investigators  which  arc  quite  consistent 
with  the  points  determined  by  this  Ijaboratory. 

Of  the  points  determined  in  this  Laboratory,  the  results 
by  Kite  and  Kennedy  in  4-in.  pipes  at  fairly  high  velocities 
appear  to  be  distinctly  lower  than  the  results  for  1-in.  and 
2-in.  pipes,  which  agree  very  well.  This  effect  is  almost 
certainly  due  to  the  fact  that  the  distance  between  the 
two  elbows  of  the  4-in.  line  (see  Fig.  2)  was  too  small  to 
permit  the  full  disturbing  influoiicn  of  the  first  elbow  to  mani- 
fest itsc^lf,  and   the  average  pressure  droj)  per  elbow  was 


therefore  low,  especially  at  high  velocities,  compared  With 
that  in  1-in.  and  2-in.  lines  where  the  distance  between 
the  two  elbows  was  comparatively  large.  This  would  also 
indicate  that  the  resistance  of  a  standard  return  bend  would 
be  distinctly  less  than  that  of  two  elbows  placed  some  dis- 
tance  apart. 

From  a  careful  consideration  of  these  results  it  appears 
to  be  fairly  conclusive  that  the  elbow  correction,  Hke  /,  is  a 
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Fig.  11 
1 — Balch,  University  of  Wisconsin,   Bull.   Eng.  Series,  7,  No.  3,  25 

Paper  No.  57S. 
2^Giesecke,  University  of  Texas,  Bull.  1769  (Oct.  20,  1917). 
3— Daly,  Schoder  and  Bain,  Cornell  Civil  Eng.,  20  (1911-12),  107. 
4 — Davis,"  University  of  Wisconsin,  Bull.  Eng.  Series,  6,  No.  4,    115. 


function  primarily  of  the  modulus 


D  y  .s 


The  rule  of  30 


pipe  diameters  per  elbow  appears  to  be  about  as  good  as 
can  be  derived  for  the  entire  region  of  turbulent  flow.  (The 
data,  while  apparently  indicating  the  slight  curvature  as 
drawn,  do  not  really  justify  anything  more  than  a  straight 
horizontal  line.)  However,  Fig.  12  brings  to  light  a  hitherto 
unsuspected  fact — namely,  the  existence  of  a  sharp  break 
in  the  correction  curve  at  the  critical  velocity  for  commer- 

D  V  s 
cial  pipes  beyond  which,  as decreases  into  the  region  of 

z 

viscous  flow,  the  magnitude  of  the  correction  rapidly  grows 

less,  apparently  flattening  off  for  very  small  values  of 

z 

to  about  2  or  2.5  pipe  diameters,  which  is  little  more  than 

the  actual  length  of  the  elbow  itself.'"' 

Theoretical  Aspects  of  the  Results 

In  the  course  of  evolving  the  method  of  presentation  given 
in  the  previous  sections  and  recommended  for  practical  use 
in  the  following  section,  a  number  of  interesting  points  of 
theoretical  importance  have  come  to  light  and  seem  to  justify 
at  least  passing  comment.  In  most  cases  they  atnount  to 
alternative  methods  of  presentation  of  the  same  results, 
which  need  not  concern  one  interested  merely  in  the  practical 
aspects  of  the  jiroblem. 

The  preceding  results  show  clearly  that  for  a  very  wide 

range  of  conditions  /  is  a  function  of '- .   What  function? 

'»  The  complete  tabulated  data  on  the  100  0[1<1  runs  arc  obviously  too 
bulky  for  reproduction,  but  arc  available  for  inspection  at  any  time  in  the 
files  of  this  Laboratory. 
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Fig.  12 — Recommended  Friction 
Factors  (/)  for  Commercial  Pipe 
Lines, 

For  use  in  formula 


0.323  f  I  s  gg 


0.0538//  5  Q! 


where 


P    =    pressure  drop  in  Ibs,/sq.  in, 

/    =    friction  factor  (Fanning) 

I     =    length  of  pipe  in  feet 

s    =    specific  gravity  referred  to  water 

V    =    average  linear  velocity  in  pipe  line 

(ft./sec.) 
D  =    inside  pipe  diameter  in  inches 
e   =    relative  viscosity  to  water   at  68° 

F,  (centipoises) 
Q    =    flow  in  gal./min. 


.J-  .er       G     U 


T  0-     a   ^<^ 


£i^ 


O^     -rfl?  .St^^t^     <37  UCO 


This  important  point  and  its  significance  have  scarcely  been 

mentioned. 

Referring  to  Fig.  12,  since  the  line  for  the  viscous  flow 
region  is  straight  and  at  an  angle  of  45°  (slope  =  —1)  it 
can  readily  be  shown  that  its  equation  is 

/=  0.00207    5-^. 

^  Substituting  this  value  of  /  in  Tanning's  equation,  it  is 
possible  to  derive  a  general  equation  for  flow  for  this  region 
which  is,  as  noted  pre\aously,  simply  the  mochfied  Poiseuille's 
equation, 

.        0.000668  zlv 
p  =  _ _. 

Deriving  an  equation  for  the  cur^'ed  line  in  the  turbulent 
flow  region  is  not,  hov/ever,  such  a  simple  matter.  The 
best  form  for  the  equation  appears  to  be 


/  =  „  +  ,  (Eff)". 


where  n  is  a  negative  exponent.     Using  this  form  of  equation 
and  deriving  the  constants,  it  is  found  that  the  best  equation 


for    urbulent  flow  in  smooth  pipes  (as  already  worked  out 
by  i^ees^')  is: 

/  -  \0.3S5 

/  =  0.0018  +  0.00662  (^377  j 

Appljdng  the  same  method  to  the  recommended  line  for 
commercial  pipe  gives  the  new  equation  of  the  form: 


/  =  0.0035  +  0.0059i 


T)vs) 


Substituting  the  latter  value  of  /  in  the  Fanning  equation 
gives  as  the  most  accurate  general  equation  for  turbulent 
flow  in   commercial   pipes   the  following: 


P  = 


D 


0.0035  +  0.00594 


ii^T"] 


A  similar  equation  can  readily  be  derived  for  turbulent  flow 
in  smooth  pipes.  It  is  obvious,  however,  that  tliis  equation 
is  too  complicated  for  any  practical  calculations — or  indeed 
for  giving  a  clear  picture  as  to  the  comparative  effects  of  the 
different  variables.  In  order  to  secure  such  a  semiquantita- 
tive visuahzation  for  the  case  of  commercial   pipes,  it  is 

>'  Proc.  Roy.  Soc.  London.   1914,   406. 
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possible  to  draw  a  straight  line  which  is  fairly  representative 
of  the  turbulent  flow  curve  for  commercial  pipes  in  Fig.  12, 
which  has  the  equation: 

/  Dv  s  \»-2 

/  =  o.oi(-v-) 

Substituting  this  value  for  /  in  the  Fanning  equation,  we 
obtain 

0.00323  .S»-«  2«-2  /  2)'-8 


discussion  of  Fig.   12.)     For  values  of 


D: 


less  than  0.002, 


P  = 


D>-2 


which  is  a  reasonably  accurate  formula  for  the  middle  range 
of  turbulent  flow  in  commercial  pipes.  Actually,  of  course, 
the  slope  and  the  intercept  of  the  curved  line  are  continually 
changing,  which  changes  the  value  of  the  constant  in  the 
above  equation  for  /  from  0.01  to  0.007,  while  the  e.xponent 
varies  from  0.13  to  0.26.  This  accounts  for  the  fact  that 
many  investigators  studying  a  comparatively  narrow  range 
of  data  have  proposed  formulas  with  fractional  exponents 
similar  to  that  given  above,  but  each  writer  gives  different 
values  for  the  constant  and  for  tlie  exponent,  depending  on 
the  particular  part  of  the  region  and  condition  of  pipe  sur- 
face with  which  they  were  working.  When  working  with 
water  alone,  as  in  most  of  the  experiments,  z  and  s  have  both 
been  erroneously  assumed  to  be  constant  and  therefore 
became  part  of  the  proportionality  constant. 

There  are  also  certain  matters  of  interest  in  connection  with 
the  flow  through  elbows.  As  noted  in  that  section,  the  re- 
sistance through  an  elbow  was  figured  in  terms  of  the  equiv- 
alent resistance  of  straight  pipe  as  calculated  from  the  straight 
line  in  Fig.  12,  rather  than  in  terms  of  the  resistance  of  a 
straight  pipe  as  measured  in  the  same  run.  This  made  little 
difference,  except  in  the  critical  region,  but  when  the  equiv- 
alent length  of  pipe  was  figured  in  terms  of  the  abnormally 
low  resistances  actually  measured  in  this  critical  region,  the 
points  in  this  \dcinity  formed  a  sharp  hump  for  values  of 

between  0.12  and  0.35,  as  compared  with  the  smooth 

z 

curve  obtained  when  using  the  theoretical  line  as  a  basis. 
The  latter  method  of  presentation  was  not  used  merely  on 
account  of  this  fact,  however,  but  because  if  the  recommended 
line  is  used  in  making  the  calculations  for  the  straight  pipe, 
the  elbow  effect  should  also  be  figured  in  terms  of  that  line. 
Furthermore,  although  in  straight  pipe  there  is  unquestion- 
ably a  tendency  toward  perpetuating  viscous  flow  into  the 
turbulent  flow  region,  this  unstable  tendency  is  undoubtedly 
less  pronounced  during  flow  through  an  elbow  and  the  pipe 
immediately  beyond  it,  which  will  very  probably  force  the 
liquid  into  turbulent  motion.  The  method  of  presenting 
the  results  is  therefore  sound  on  theoretical  grounds  and 
confirms  the  belief  that  elbows  tend  to  diminish  the  im- 
portance of  the  dip  in  the  critical  flow  region. 

Recommended  Methods  of  Calculation 

general  procedure  for  calcul.\ting  pressure  drop  in 
ANY  PIPE  LINE — With  the  data  and  charts  previously  pre- 
sented, the  calculation  of  the  pressure  drop  through  a  pipe 
line  under  any  specified  set  of  conditions  is  a  very  simple 
matter.     The  steps  involved  may  be  outlined  as  follows: 

,     ^  ,     ,  .    ^.         ,        f  D  D  i    ,     .           .     ,         0.408  Q  i 
1— Calculate  the  value  of  (or  its  equivalent,  — ^^ ■ 

if  Q  is  known  rather  than  v)  for  the  fluid  and  pipe  in  question. 
If  there  is  any  uncertainty  as  to  the  measurement  or  estima- 
tion of  any  of  the  quantities,  .see  the  subsequent  section  on  de- 
termination of  the  known  quantities. 

2 — By  referring  to  Fig.  12  find  the  value  of/ which  corresponds 

to  this  value  of       "  ^ ,  using  the  curve  corresponding  to  the 

z 

degree  of  roughness  of  the  pipe  in   question.     (See   previous 


extrapolations  on  the  straight  45°  line  for  viscous  flow  may 
readily  be  made  by  dividing  the  abscissae  by  10  (or  100)  and 
simultaneously  multiplying  the  ordinates  by  10  (or  100). 


3 — Using  the  same  value  of 


T>vs 


refer  to  Fig.   11  for  the 


equivalent  length  of  straight  pipe  corresponding  to  each  90° 
elbow.  Multiply  this  by  the  number  of  elbows,  convert  the 
correction  from  pipe  diameters  into  feet,  and  add  it  to  the 
length  of  straight  pipe.  (Note  that  two  elbows  very  close 
together,  or  a  return  bend,  have  less  effect  than  two  elbows 
some    distance    apart.) 

4 — Insert  this  value  of  /  in  the  modified  Fanning  equation, 

=  0-323//..--  „^  .^3  equivalent,  p  =  °0^^«^^^Q%nd obtain 

the  pressure  drop  directly.  This  method  and  this  formula  should 
be  used  regardless  of  whether  the  liquid  is  in  viscous  or  turbulent 
motion. 


i?    off    ^V     -JC 


1 — Mexican  petroleum  (Mex.  Pet.  Co.)     (See  Fig.  5) 

2 — Meprolene  (Parks-Cramer  Co.)      (See  Fig.  5) 

3— Cal.  heavy  crude,  15.2°  lie.  (Std.  Oil  Co.) 

4 — Castor  oil  (Smithsonian  Tables) 

5^Glyccrol  (.Sniilhsonian  Tables) 

6 — Mobiloil  b  (Vacuum  Oil  Co.) 

7 — Mobiloil  A  (Vacuum  Oil  Co.) 

8 — Texas  engine  oil   (Vacuum  Oil  Co.) 

9 — Olive  oil   (Smithsonian  Tables) 
10 — Linseed  oil  (Smithsonian  Tables) 
II— Cal.  litiht  crude  24.4°  Be      (Std,  Oil  Co.) 
12 — Nonviscovis  neutral     (Vacuum  Oil  Co.) 
12A — .\myl  alcohol  (Opt    inactive)      (Smithsonian  Tables) 
13 — Mercury  (Smithsonian  Tables) 
14 — Turpentine  (Smithsonian  Tables) 
16 — Ethyl  alcohol    (Smithsonian   Tables) 
10— Water  (Smithsonian  Tables) 
16A — Benzene   (Smithsonian  Tables) 
17 — Octane  (Smithsonijm  Tables) 
18 — Heptane  fSmithsonian  Tables) 
19 — Carbon  disulfide  (Smithsonian  Tables) 
20 — Hcxane   (Smithsonian  Tables) 
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GENERAL  PROCEDURE  FOR  CALCULATING  OTHER  QUANTI- 
TIES— The  foregoing  procedure  must,  of  course,  be  slightly 
modified  in  case  the  permissible  or  available  pressure  drop 
is  known  and  it  is  desired  to  calculate  any  one  of  the  other 


METHODS     OF     DETERMINING     THE     KNOWN     FACTORS — Si.X 

separate  variables — D,  v,  s,  p,  I,  and  z — are  involved  in  making 
the  foregoing  calculations,  five  of  which  must  be  known  in 
order  to  solve  for  the  sixth.  The  determination  of  the  pre- 
cise values  and  proper  units  of  these  five  known  quantities 
sometimes  involves  difficulties,  and  it  seems  desirable  to 
outline  the  best  procedure  for  determining  them  in  any 
given  case,  and  to  present  certain  data  and  conversion  charts 
which  will  aid  in  the  solution  of  practical  problems. 

Viscosity— For  use  throughout  this  paper  viscosity,  z, 
is  expressed  in  centipoises,  which  may  be  more  readily  visual- 
ized as  the  viscosity  relative  to  water  at  68°  F.,  at  which  tem- 
perature water  has  a  viscosity  of  one  centipoise.  Data  in 
literature  are  frequently  expressed  in  poises;  these  results 
should  be  multiplied  by  100  to  give  the  viscosity  in  centi- 
poises. 

For  man\-  definite  chemical  compounds  entirely  satis- 
factory N-iscosity  data  are  available  in  the  literature,  and 
data  for  a  number  of  these  and  for  some  commercial  oils 
are  presented  graphically  in  Fig.  13.  For  most  commercial 
purposes,  however,  it  is  desirable  to  make  an  independent 
determination  of  the  \iscosity  of  the  fluid.  To  determine 
this  directly  in  absolute  units  is  difficult  and  time  con- 
suming, but  it  is  possible,  for  liquids  that  are  distinctly  more 
viscous  than  water,  to  employ  one  of  the  standard  instru- 
ments famOiar  in  the  oil  trade,  such  as  the  Saybolt  Universal 
viscosimeter,  which  measures  the  time  of  efflux  of  a  given 
volume  of  hquid.  For  reasons  discussed  in  several  papers 
bv  the  Bureau  of  Standards,  this  does  not  measure  the  true 


££0   .Hv    MP   roe    JW 


five  quantities  wliich  may  be  unknown  in  a  given  practical 
problem.  To  anyone  familiar  with  such  calculations  these 
modified  methods  are  fairly  obvious,  but  it  will  be  helpful 
to  those  less  familiar  to  suggest  what  appears  to  be  the  short- 
est way  of  arriving  at  the  final  results  for  each  of  the  other 
cases. 

1 — If  /  is  the  unknown  (which  seldom  happens)  calculate 
exactly  as  described  in  the  previous  section,  but  transpose 
the  Fanning  equation  so  as  to  solve  for  /  instead  of  p. 

2 — If  z  is  the  unknown  (as  when  it  is  desired  to  know  how  hot 
an  oil  must  be  heated  in  order  to  give  a  specified  discharge  under 
definite  conditions)  calculate  the  permissible  /  frorn  Fan- 
ning's   equation    (which   does   not    involve  the  assumption   of 

V  V  s 
any  value    for   s).     Then   find   the   value   of   — ;:—  in  Fig.   12 

which  corresponds  to  this  value  of/,  and  solve  this  latter  equality 
for  z,  which  is  the  only  unknown  involved  (neglecting  small 
variations  in  s). 

3 — If  D,  V,  or  s  is  the  unknown  (the  latter  only  iu  handUng 
gases)  the  situation  is  somewhat  more  complicated,  since  these 

D  V  s 
quantities   appear   both   in   the   friction   modulus  — ;; —  and   in 

Fanning's  formula. 

These  cases  may  be  treated  by  the  customary  method  of  trial 
and  error  used  by  hydraulic  engineers,  starting  with  a  reasonable 
value  for  /,  but  experience  with  classes  in  chemical  engineering 
indicates  that  for  various  reasons  it  is  usually  preferable  to  as- 
sume a  value  for  the  unknown  and  calculate  the  resulting  pres- 
sure drop  in  the  ordinary  way.  If  this  comes  too  high  or  too 
low,  assume  a  new  value  for  D,  v,  or  i  which  will  give  more 
nearly  the  proper  pressure  drop.  By  remembering  that,  for  a 
given  Q,  p  varies  inversely  as  the  fourth  or  fifth  power  of  the 
diameter,  the  correct  solution  can  very  quickly  be  obtained. 
If  the  first  approximation  indicates  that  the  value  is  in  the 
viscous  flow  region,  the  simplest  way  to  solve  for  one  of  these 
three  variables  is  to  substitute  the  known  quantities  directly 
in    Poiseuille's    equation, 

0.000668  z  I  V 
P  = 

or  its  equivalent, 


D'' 


£0     .30        kS^    7C  JCO 


^00      J(X>      JVC  JC<7^£W       J«V*^ 


51^ 

I 


Nj|b 


0.000273  s  /  Q 


JX)     70   jco  zoo    aoo      jro  TOO  JOOO 

Fig.  15 — Conversion  Diagram  for  Viscosimeters 

Note:  For  line  3,  Abscissa,  scale  gives  10  X  Engler  degrees  =  10(//ij). 
For  line  7,  Time,  /  =  600,  and  scale  gives  flow  in  cc./hr. 

viscosity  directly  and  is  not  applicable  to  liquids  ha\'ing  a 
viscosity  near  that  of  water,  but  by  the  use  of  the  conversion 
charts  presented  in  Fig.  lo-  it  is  possible  to  determine  the 

"  Modified  slightly  from  a  chart  drawn  up  by  W.  H.  Herschel  (Bureau 
of  Standards).     Method  due  to  N.  MacCoull.  of  the  Texas  Co. 
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correc-t  value  of  —  from  the  readings  on  any  standardised 

type  of  viscosinietor.    The  recipTocal  of  this  ratio  may  be 

inserted  direct Iv  into  the  expression    ,  or  if  s  alone  is 

desired  it  ran  readily  be  obtained  by  multiplying  this  ratio 
by  s,  the  speeifio  p,ravity  of  the  Uqni<l  at  the  temperature  in 
question. 

Since  the  same  method  of  calculation  is  applicable  to  most 
problems  involving  the  flow  of  gases,  data  are  also  appended 
(Fig.  14)  for  a  number  of  common  gases,  including  steam. 
It  will  be  noted  tliat  whereas  the  viscosity  of  liquids  decreases 
rapidly  with  inereiise  in  temperature,  the  viscositj'  of  gases 
increase^^  It  is  also  important  to  remember  that  the  vis- 
cosity of  gases  is  practically  independent  of  the  pressure, 
though  of  course  the  latter  factor  does  affect  the  density,  .s, 

T)  V  s 
in  direct  proportion,  and  hence  changes  the  value  of > 

as  would  be  expected. 

It  will  be  noted  that  the  viscosities  of  the  gases  are  far 

lower  than  those  of  the  liquids,  but  it  so  happens  that  the 

effect  is  roughly  counterbalanced  by  other  factors — particu- 

T)  V  s 
larly  their  lower  density — so  that  the  values  of  used  in 

handling  gases  commercially  are  not  far  distant  from  those 
most  used  in  the  flow  of  liquids. 

It  will  be  noted  that  the  data  on  the  \'iscosity  of  various 
fluids  are  plotted  on  semi-logarithmic  paper,  which  tends 
to  give  rather  flat  curves  and  makes  it  possible  to  present 
data  on  liquids  whose  viscosities  vary  greatly  and  yet  get 
equal  percentage  accuracy  in  all  parts  of  the  plot.  For 
purposes  of  extrapolation  or  of  interpolation  from  two  ob- 
served points  it  is  preferable  to  use  a  method  of  plotting  which 
gives  still  flatter  curves,  and  the  one  which  the  authors 
recommend"  for  this  purpose  is  to  plot  the  fluidity  (the  re- 
ciprocal of  the  viscosity)  against  the  temperature  on  an  or- 
dinary scale.  Most  oils  give  nearly  a  straight  line  on  this 
type  of  plot,  unless  they  approach  the  point  where  paraffin 
begins  to  separate  out  or  other  disturbing  factors  enter  into 
the  determination. 

Specific  Gravity — The  value  of  the  specific  gravity,  s, 
must  be  expressed  in  units  relative  to  water  at  39°  F.  (tem- 
perature of  maximum  density).  In  other  words,  it  is  equiv- 
alent to  the  true  density  in  grams  per  cc.  Specific  gravity 
figures  are  frequently  given  relative  to  water  at  some  other 
temperature  than  39°  F.  (4°C.)  and  hence  are  subject  to 
some  slight  correction  to  give  the  proper  value  of  s  for  use 
in  the  foregoing  equations. 

To  convert  Baum6  readings  to  specific  gi-avity  use  the 
140 


formula 


for  liquids   lighter  than  water. 


130  +  R^. 

For  convenience,  Fig.  16  gives  typical  density  curves  for 
various  licjuids  as  a  function  of  temperature,  antl  Fig.  17 
gives  the  same  data  for  the  commoner  gases.  In  dealing  with 
gases,  care  should  be  taken  to  use  an  average  value  if  the 
pressure  drop  through  the  line  is  enough  to  cause  appreciable 
variations  in   this   factor. 

Length  of  Pipe — This  is,  of  course,  measured  in  feet  and 
the  only  precaution  to  be  observed  is  to  add  to  the  actual 
length  the  ('(luivulent  length  of  pipe  due  to  elbows,  as  found 
by  using  Fig.  11.  For  pipes  less  than  500  diameters  long 
consideration  must  be  given  to  entrance  and  exit  losses,  as 
pointed  out  later  under  "limitations." 

"  More  exact  methods  have  been  proposed,  but  are  too  complicated 
for  most  practical  purposes. 

s<  While  this  is  the  ollicial  H.  of  S.  Baum(;  .scale,  the  great  bulk  of  the 
oil  trade  uses  instruments  calibrated  o«  a  scale  which  K'V'es  1-11.,'i  instead  of 
t40    for    this    fiKure. 


Velocity— Yelocity  should  be  expressed  in  ft.  per  sec.,, 
and  means  the  effective  average  velocity  in  the  pipe,  obtained 
by  dividing  the  rate  of  discharge  in  cu.  ft.  per  sec.  by  the 
cross-sectional  area  of  the  pipe  in  sq.  ft.  Data  may  be  trans- 
posed from  gal.  per  min.  to  velocity  in  ft.  per  sec,  or  vice 

,      ^,  .       ,         ,  0.408  Q 

versa,  by  the  conversion  formula,  v  = 


D^ 


It  is  also 


JM?  jeo  J30  J^e7  jje  jeo  jx  Jix>  jsv  axi  Uff 


possible  to  use  another  form  of  Fanning's  equation,  which 
involves  Q  instead  of  v  if  any  considerable  number  of  cal- 
culations have  to  be  made  on  this  basis.     In  this  case,  in- 

.      ,     .V>v  s  ..  ^        ,     ,  ^    0.408  Q  s 

stead  or  ,  it  is  necessary  to  calculate  — =r and  to 

z  U  z 

substitute  the  resulting  value  of  /  from  Fig.  ]  2  in  the  equa- 
tion 

0.0538   ilsQi 


P  = 


D' 


Pipe  Diameter — The    inside    pipe  diameter  used  in  this 
equation  should  be  measured  in  inches.     The  nominal  diam- 


Table  II- 

—Diameter   Functions   of   Standard   Ikon    and 

Steki.    Piri£ 

D 

Actual 

Internal 

Nominal 

Inside 

Croas-sea- 

Diameter 

Diameter 

tion  Area 

In. 

In. 

D' 

D< 

D' 

.Sq.   In. 

0.,'-, 

0,622 

0 , 3869 

0.1497 

0,09310 

0.3039' 

0,75 

0 ,  824 

0,6790 

0.4610 

0,3799 

0.533:{ 

1.0 

1  ,  049 

1  ,  100 

1,211 

1,270 

0  8639 

I.. 5 

l.«l(l 

2 .  .'•)92 

6.719 

10,82 

2,036 

2.0 

2 ,  0H7 

4,272 

18,25 

37,73 

3 .  35». 

2..') 

2,4B« 

6 ,  096 

.37,16 

91,75 

4 ,  786 

3.0 

3 ,  ()R8 

9,413 

88,60 

271.8 

7.392' 

4,0 

4 ,  02« 

16,21 

262,7 

10,58.0 

12.73 

a.o 

tl.Ofi.'i 

36. 7  S 

1353,0 

8208.0 

28.891 

8.0 

8,071 

65    14 

4243.0 

342.50.0 

51.15 

8.0 

7  ,  1I,S  1 

63,70 

40.'>7  , 0 

32380,0 

.50 ,  02 

10,0 

10    11)2 

103  8 

10790.0 

109980,0 

8 1,. 55 

10,0 

10,  Kid 

102,7 

10.''>60.0 

106990,0 

80.75 

10,0 

10.020 

100,4 

10(18(1  0 

1010(10,0 

78.82 

12   0 

12.(lflO 

145.9 

21370,0 

258300.0 

1I4.81> 

1 2 , 0 

1 2 , 000 

144,0 

20736 . 0 

248800.0 

113.10 

11.0 

13.2r.O 

175,5 

307,'JO,0 

407500.0 

137.7 

l(i,0 

15,2i-iO 

232.5 

54200 , 0 

825100.0 

182.7 

IS,0 

17.2.W 

297.2 

88500 , 0 

1526000.0 

224.0 

20,11 

IH.250 

370.5 

137300.0 

2640000.0 

291.1 

24,0 

23.250 

540.0 

2B1900.O 

6777000.0 

424.5 
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eters  used  to  identifj^  commercial  pipes  do  not  correspond 
to  actual  inside  diameters,  but  their  exact  dimensions  have 
been  quite  well  standardized  within  recent  years,  and  the 
accepted  figures  for  each  nominal  size  of  pipe  are  given  in 
Table  II.  For  precise  work  the  diameters  should  be  measured 
accurately,  as  tlus  factor  enters  to  the  fourth  or  fifth  power 
in  some  of  the  equations  used. 


'7G-^nfi&^-^i:7-/ur^<e  -^&y.  jf^^-rr 


Pressure  Drop — The  pressure  drop  should  be  expressed  in 
lbs.  per  sq.  in.  If  the  data  are  given  in  any  other  form  they 
may  be  converted  by  the  use  of  Table  III.  If  it  is  desired 
to  calculate  the  theoretical  horse  power  required,  the  follow- 
ing formula  can  be  used: 

19.2  X  gal./min.  X  press,  drop  in  Ibs./sq.  in. 
33,000 


H.  p.  = 


The  actual  horse  power  required  equals  this  figure  divided 
by  the  efficiency  of  the  pump  as  a  whole. 


Table  III 

To  Convert  X  to 
Lbs./Sq.  In. 
X  Multiply  by 

Lbs./sq.   ft 0.00695 

Cm.  mercury 0.1934 

Atmospheres 14 .  70 

Liquid  head  expressed  in  ft.^     0.4332  s 


To  Convert 
Lbs./Sq.  In.  to 
X  Multiply  by 
144. 
5.171 
0.06804 
2.309 


I  This  equals  pressure  drop  in  lbs.  per  sq.   ft.  divided  by  the  liquid 
density  at  that  point,  which  =  62.3  s. 

LIMITATIONS   TO   APPLICATION    OF     RECOMMENDED    METHOD 

OF  CALCULATION— The  data  and  methods  of  calculation  given 
in  this  article  cover  substantially  the  entire  field  of  the  flow 
of  all  fluids,  including  gases  and  dry  vapors,  through  com- 
mercial pipe  lines.  There  are,  however,  a  few  exceptions 
which  should  be  carefully  noted  before  attempting  to  use 
the  formula  in  certain  special  cases.  These  may  be  specified 
as  follows: 

1 — The  method  is  not  directly  applicable  to  the  flow  of  gases 
where  the  drop  in  pressure  along  the  pipe  line  is  more  than  10 
or  15  per  cent  of  the  final  absolute  pressure,  because  the  density 


and  velocity  of  the  fluid  are  thereby  changed.  If,  however, 
average  values  are  used  fcrr  the  density  and  velocity,  instead 
of  the  initial  or  final  values,  this  formula  may  be  used  for  pressure 
drops  up  to  40  or  50  per  cent  without  serious  error.  To  make 
calculations  for  compressed  air  lines  with  still  larger  drops  in 
pressure,  it  is  necessary  to  use  an  approximate  integrated  form 
of  the  equation,  which  has  previously  been  discussed  by  Lewis. ^* 
The  regular  method  of  calculation  may,  however,  be  used  for 
all  ordinary  problems  of  handling  air  through  circular  dacts 
or  steam  in  pipes  lines. 

2 — The  method  is  not  appUcable  to  flow  through  short  sec- 
tions of  pipe  opening  into  large  chambers  where  the  entrance  and 
exit  losses  are  appreciable  in  comparison  with  the  friction  losses 
through  the  pipe.  These  losses  become  inappreciable  when  the 
pipe  is  more  than  1000  diameters  long,  and  may  generally  be 
neglected  for  approximate  calculations  for  lines  longer  than  300 
diameters.  For  shorter  tubes  the  reader  is  referred  to  the  recent 
comprehensive   treatment   of   Herschel.^' 

3 — The  method  is  not  applicable  to  the  flow  of  semisolid 
plastic  materials,  such  as  asphalt,  clay  suspensions,  very  viscous 
colloidal  solutions,  etc.,  where  the  laws  of  flow  are  modified  by 
the  tendency  of  the  material  to  behave  like  a  solid  under  certain 
conditions. 

4 — Precautions  must  be  observed,  and  highly  acciu-ate  results 
cannot  be  expected  in  cases:  (a)  where  the  pipe  is  badly  corroded 
or  tuberculated,  and  the  apparent  value  of  /  may  increase  to 
double  that  given  in  the  formula,  owing  partly  to  a  decrease  in 
the  effective  cross-sectionai  area;  (h)  where  a  hot  oil  is  passing 
through  a  pipe  line  in  straight  line  flow,  and  the  existence  of 
a  large  temperatiu-e  gradient  from  the  inside  to  the  outside 
makes  acciu"ate  calculations  practically  impossible;  and  (c) 
where  there  is  any  tendency  to  precipitate  out  solids  (such  as 
paraffin  wax)  on  the  walls  or  in  the  bottom  of  the  pipe  lines. 

With  these  exceptions  it  is  believed  that  the  recommended 
method  of  calculation  is  appUcable  to  an  entirely  satisfactory 
degree  of  accuracy  to  all  commercial  problems  involving 
the  flow  of  fluids  through  pipe  lines. 

Illustrative  Examples 

To  illustrate  the  practical  utilization  of  the  foregoing 
charts  and  tables,  two  typical  examples  are  appended  here- 
with. 

Example  1 — Calculation  of  Required  Pressure  Drop 

It  is  desired  to  transmit  20  U.S.  gal.  per  min.  (686  oil  bbls.  per  24  hrs., 
based  on  1  oil  bbl.  =  42  U.  S.  gal.)  of  a  very  viscous  oil  at  70°  F.  through 
a  standard  6-in.  steel  pipe  line.  What  will  be  the  pressure  drop  as  lbs. 
per  sq.  in.  per  mi.? 

Data — The  oil  at  70°  F.  has  a  time  of  9050  sec.  in  a  Saybolt  Universal 
viscosimeter  and  a  gravity  corresponding  to   15.2°   B^. 

Solution — From  Table  II,  one  sees  that  D  =  6.07  in.  and  D'  =  36.78. 
0.408  Q       _  0.408  X  20 


Since  the  average  velocity 


=  0.222  ft.  per  sec. 


D2  36.78 

From  Fig.  15  it  is  seen  that  the  value  of  -,  corresponding  to  a  time   of 

9050    Saybolt    sec,    is    1990. 
Hence    the    numerical   value    of 

D  «  s        6.07  X  0.222 


1990 


0.000677, 


and  the  value  of  /  corresponding  (Fig.  12)  is  3.06  (extrapolation  made  by 
multiplying  ordinate   and   dividing   abscissae  scales  by    10). 

140 

The  specific  gravity  at  70°  F.    =    =  0.964. 

130  +  15.2 

The  value  of  p  is  figured  from  the  modified  Fanning  equation: 

0  323  /  f  5  t'        0.323  X  3.06  X  5.280  X  0.964  X  0.222' 

p  =  __ i = . 

D  6.07 

=  40.8  lbs.  per  sq.  in. 

Thus  it  is  found  that  this  oil  flowing  at  an  average  velocity  of  0.222  ft. 
per  sec.  gives  a  pressure  drop  of  41  lbs.  per  sq.  in.  per  mi. 

Example  2 — Calculation  or  Diameter  Required 
Dry  compressed  air  at  80°  F.  must  be  delivered  through  200  ft.  of  straight 
steel  pipe  connected  by  means  of  three  standard  elbows  at  a  rate  equivalent 
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to  1000  cu.  ft.  of  "free"  air  per  niin.    The  initial  air  is  at  a  pressure  of  150 
lbs.  per  sq,  in.     What  size  of  standard  steel  pipe  must  be  used  in  order  that 
the  drop  in  pressure  shall  not  exceed   10  lbs.  per  sq.  in.? 
Solution— From  Fig.  14,  z  =  0.01S8  at  80°  F. 

From    Fig.    17,    z    =    O.OOllS   at   80°    F.  and  1    atm.      Since  the   aver- 
150  +  140 


age    pressure    is  ■ 


2  X  14.7 


9.87    atm.,    s  =  9.87  X  0.00118  ■=  0.01165. 


Since  free  air  refers  to  air  at  1  atm.  and  70°  F.  the  actual  volume  at  80°  F. 
(540°  F.  absolute)   and  9.87  atm.  pressure  is 
1000  X  540 


and  V   = 


9.87  X  530 
103.2  X  144        315 


=   103.2  cu.  ft.  per  min.. 


60  X  0.785  D«       D' 
of  9.87  atm. 


ft.  per  sec.  at  80°  F    and  a  mean  pressure 


315 


D..         DX—X  0.01165 


195 
D 


(a) 


z  0.0188 

Taking  the  equivalent  length  of  each  elbow  as  30  pipe  diameters, 

1  =  200  +    ^  ^  "".^  =  200  +  7.5  D. 


12 


But    p 


0.323  f  I  sv' 
D 


so  p    = 


0.323/1200  +  7.5  D]  0.01165  X  (315)' 

D' 
374  /(200    +    7.5   D)  Lbs. 


W 


D>  Sq.  in. 

As  noted  above,  one  may  assume  a  value  of  D  actually  obtainabU,  find 


from  Fig  12  the  corresponding  value  of 


D  t>  I 


,  and  calculate  p.    The  result 


D» 

(Table 
II) 

P 
(From 
Eq.b) 

10.82 
37.7 

30.1 
9.2 

of    such    procedure    is    shown    below. 

T>  V  s  f 

s  (From 

Nominal        Actual         (From  Fig. 

Dia.          Dia.  (D)      Eq.    a)  12) 

1.5                1.61            121'  0.0041 

2                    2.07           94.3  0.0043 

1  The  friction  factor  for  this  case  was  taken  from  Fig.  10,  as  Fig.  12  does 

not  show  /  for  values  of   beyond   100. 

It  should  be  noted  that  although  the  first  trial  diameter  (1.61  in.)  called 
for  a  pressure  drop  of  30  lbs.  per  sq.  in.,  a  diameter  only  slightly  larger 
(2.07  in.)  gave  practically  the  desired  pressure  drop.  This  is  because  p 
varies  inversely  as  the  Jifth  power  of  diameter.  Hence  a  2  in  standard 
steel  pipe  must  be  used  to  meet  the  specified  conditions. 
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The  Determination  of  Carbon  Dioxide  in  Baking  Powder  ' 

By  C.  S.  Robinson'  and  Selma  L.  Bandemer 

MiCHio'N    Agricultural    College    Experiment   Station,  East  Lansing,  Michigan 


The  gasometric  method  for  the  determination  of  carbon 
dioxide  in  baking  powder  is  as  accurate  as  the  absorption 
methods.  It  is  much  more  rapid  and  requires  but  a  single 
piece  of  apparatus.  It  can  be  used  for  the  determination  of 
both  total  and  residual  carbon  dioxide. 


At  the  1920  meeting  of  the  Association  of  Official  Agricul- 
tural Chemists  the  senior  author  suggested,  as  a  substitute 
for  the  present  official  methods  for  determining  total  carbon 
dioxide  in  baking  powder,  a  modification  of  the  gasometric 
method  originally  devised  by  Van  Slyke  for  the  determina- 
tion of  carbon  dioxide  in  blood  plasma.'' 

Its  use  has  since  been  extended  to  the  estimation  of  residual 
carbon  dioxide.  The  object  of  the  present  paper  is  to  de- 
scribe this  procedure  and  report  the  results  obtained  with  it. 

Procedure 

TOTAL  CARBON  DIOXIDE — The  procedure  for  the  determi- 
nation of  total  carbon  dioxide  in  baking  powder  is  identical 
with  that  for  the  analysis  of  marl  and  limestone  as  given  in 
the  original  description  of  the  method,  except  that  100-mg. 
samples  are  used. 

RESIDUAL  CARBON  DIOXIDE — A  2-g.  Sample  of  the  well- 
mixed  material  is  weighed  into  a  small  l)oakcr  and  20  cc.  of 
distilled  water  are  added.  The  mixture  is  thoroughly  stirred, 
allowed  to  stand  for  20  min.  at  room  temperature,  and  set 
in  a  bath  of  boiling  water  for  the  same  length  of  time.     Fi- 

*  Received  November  3,  1921. 

'  Published  as  Journal  Article  No.  20  from  the  Chemical  I^aboratory 
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'  Research  Associate  in  Chemistry. 

«  J.  Biol.  Chem.,  30  (1917),  347;   Soil  Sci..  10  (1920),  41. 


nally  it  is  boOed  for  1  min.  The  addition  of  a  drop  or  two 
of  octyl  alcohol  to  reduce  foaming  is  sometimes  advisable 
at  this  point.  One  sample  is  diluted  to  25  cc.  in  a  volumetric 
flask,  and  1-cc.  samples  are  used  for  the  determination. 

The  accompanying  table  shows  the  results  obtained  with 
this  method  and  with  the  two  official  methods.  They  are 
typical  of  the  agreement  of  results  which  have  been  obtained 
in  this  laboratory  with  all  sorts  of  carbonates  during  the 
past  year. 


Comparison  of  Official  and  Gasometric  Methods  for 

Determinih'o 

Carbon  Dioxide  in  Baking  Powder 

Total  Carbon  Dioxide 

la           Ua 

Ilia 

IVa 

Va 

(CaCOi) 

Official  method                                            43.34     13.54 

13.48 

16.73 

14.62 

43.81      13.29 

13.11 

17.03 

14.35 

43.70     13.30 

13.48 

16.90 

14.29 

Gasometric                                                       43.78      13.. 55 

13.34 

17.03 

14.52 

43.70     13.52 

13.31 

16.89 

14.52 

43.78     13.52 

13.29 

16.92 

14.53 

Residual  Carbon  Dioxide 

lb          lib 

Hid 

IVb 

Vfr 

Official  method,  Heidenhain                      0.73       1.15 

1.74 

5.51 

1.27 

Knorr                                                               0.85       1.26 

1.51 

5.26 

1.39 

Gasometric                                                     0.75       1.16 

1.63 

5.45 

1.35 

0.75       1.31 

1.69 

5.62 

1.27 

In  order  to  test  the  method  when  a  product  contained  a 

water-insoluble  carbonate,  Sample  IV6  was  made  up  by  mix- 
ing Sample  V6  and  calcium  carbonate.  Duplicate  results 
agreed  as  closely  as  ditl  those  with  other  products. 

Only  one  source  of  trouble  has  been  encountered.  It 
has  been  found  necessary  to  lubricate  the  stopcocks  of  the 
apparatus  rather  frequently  with  a  heavy  grease  to  prevent 
leakage  during  the  maintenance  of  the  high  vacuum  used. 
If  the  carbon  dioxide  is  absorbed  each  time  and  tlie  residual 
air  measured  instead  of  being  calculated  from  the  tabic, 
this  source  of  error  is  avoided.  Witii  proper  attention  to 
stopcocks,  however,  this  is  unnecessary. 
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Phthalic  Anhydride.     V — The  Preparation  of  Phthalic  Anhydride   by 
Catalysis  of  the  Vapor  Phase  Reaction  between  Naphthalene  and 

Atmospheric  Air" 


the 


By  Courtney  Conover  and  H.  D.  Gibbs 

Color  Laboratory,  Bureau  of  Chemistry,  Washington,  D.  C. 


So  far  as  revealed  by  the  literature,  phthalic  acid  and 
phthalic  anhydride  always  have  been  prepared  on  a  com- 
mercial scale  by  the  oxidation  of  naphthalene  or  some  of  its 
simpler  derivatives.  In  the  methods  used  up  to  the  last 
few  years  of  the  nineteenth  century  comparatively  expensive 
chemicals,  such  as  nitric  acid  or  chromic  acid,  were  used  as  the 
oxidizing  agents.^  During  the  last  decade  of  the  nineteenth 
century  the  growing  demand  for  phtlialic  anhydride  for  use 
in  the  preparation  of  xanthene  and  the  indigoid  dyes  led  to 
research  toward  the  discovery  of  cheaper  processes  for  its 
manufacture.  A  method  for  converting  naphthalene  to 
phthalic  anhydride,  using  sulfuric  acid  as  the  oxidizing  agent 
in  the  presence  of  a  mercury  salt  as  a  catalyst,  was  dis- 
covered by  E.  Sapper,  and  was  patented  by  the  Badische 
Anilin  unci  Soda  Fabrik'  in  1896.  From  then  until  now  this 
process  has  been  commonly  described  as  the  commercial 
method  for  maldng  phthalic  anhydride.  It  is  said  to  have 
been  employed  on  an  enormous  scale  by  the  Badische  Anilin 
und  Soda  Fabrik  in  connection  with  their  manufacture  of 
synthetic  indigo,  and  it  is  interesting  to  note  that  the  present 
contact  process  for  producing  sulfuric  acid  is  a  result  of  efforts 
to  utilize  the  sulfur  dioxide  formed  during  the  process.' 

When  importations  of  phthalic  anhydride  from  Germany 
were  interrupted  during  the  war,  many  attempts  were  made 
in  this  country  to  prepare  phthalic  anhydride  by  this  sulfuric 
acid  oxidation  process  as  described  in  the  patents  and  in 
chemical  literature.  The  difficulties  discovered  in  its  appli- 
cation and  the  disappointing  yields  resulting  from  its  use 
have  been  mentioned  by  Gibbs.«  Even  when  most  success- 
fully put  into  practice,  the  method  is  unsuitable  for  small- 
scale  operation.  The  large  quantities  of  sulfur  dioxide 
evolved  create  a  nuisance  or  must  be  converted  into  sulfur 
trioxide  by  means  of  expensive  apparatus. 

Other  processes  for  the  manufacture  of  phthalic  anhydride 
have  been  patented  or  described  in  the  literature  in  recent 
years  by  Prochazka,'  Imray,"  Ditz,'  and  others,'"  while 
improvements  on  the  sulfuric  acid  and  mercury  process  have 
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catalyst. 


been  patented  by  Greenley"  and  Takahaski.'^  So  far  as 
known  these  "processes  have  not  been  found  in  practice  to 
have  any  great  advantage  over  the  older  sulfuric  acid  process. 

In  studying  the  sulfuric  acid  oxidation  process,  the  writers 
soon  realized  its  many  disadvantages,  and,  of  other  possible 
methods,  it  was  concluded  that  the  direct  oxidation  of  naph- 
thalene with  air  in  the  presence  of  a  catalyst,  if  feasible, 
would  be  ideal  in  simplicity  and  cheapness.  The  possibility 
of  the  successful  development  of  a  process  of  this  nature  was 
suggested  by  the  oxidation  of  toluene  to  benzaldehyde  and 
benzoic  acid  with  air  in  the  presence  of  catalysts,  which  had 
been  successfully  carried  out  by  Gibbs.*  Vanadium  jjent- 
oxide  and  molybdenum  trioxide  had  been  found  to  be  the 
best  catalysts  in  this  process. 

In  the  first  attempts  to  prepare  phthalic  anhydride  by  the 
catalytic  oxidation  of  naphthalene  in  the  gas  phase,  a  crude 
form  of  apparatus  was  assembled  which  permitted  the  mixing 
of  naphthalene  vapor  with  oxj'gen  or  air  in  approximately 
knowii  proportions  and  bringing  the  mixed  gases  in  contact 
with  the  catalyst  at  temperatures  up  to  about  500°.  The 
temperatures  were  measured  roughly.  In  the  few  experi- 
ments where  oxygen  was  used  it  was  found  that  with 
vanadium  pentoxide  at  temperatures  around  275°  and  with 
molybdenum  trioxide  at  temperatures  around  325°  there  was 
some  darkening  of  the  naphthalene  which  condensed,  some 
formation  of  carbon  dioxide,  and  some  development  of  acidity. 
But  if  the  temperature  rose  above  300°,  in  the  case  of  va- 
nadium pentoxide,  or  350°,  in  the  case  of  molybdenum  tri- 
oxide, ignition  of  the  naphthalene  vapor  took  place,  sometimes 
with  \dolent  explosions.  If  the  temperature  was  kept  at  a 
safe  point  the  development  of  acid  was  very  slight.  When  air 
was  substituted  for  oxygen  it  was  found  that  the  temperature 
could  be  raised  to  nearly  500°  without  ignition  of  the  vapors 
and  that  at  these  higher  temperatures  the  product  condensed 
contained  considerable  quantities  of  acid.  It  was  demon- 
strated that  phthalic  anhydride  was  present  in  tliis  conden- 
sate. 

Comparison  op  Catalytic  Effect  of  Various  Substances 

FOR    Conversion    of    Naphthalene    to    Phthalic 

Anhydride 

plan  of  tests — Since  it  had  been  shown  that  naphthalene 
was  converted  to  phthalic  anhydride  when  naphthalene 
vapor  and  air  were  brought  into  contact  with  certain  catalj^sts 
at  temperatures  above  350°,  it  was  planned  to  test  each  of  a 
number  of  possible  catalysts  under  fairly  uniform  conditions 
in  order  to  discover  the  substance  most  suitable  for  the  catal- 
ysis of  this  reaction.  It  was  planned  to  mix  a  known  weight 
of  naphthalene  vapor  with  a  known  volume  of  air,  to  keep  the 
two  gases  in  proportions  practically  the  same  as  those 
required  by  theory  for  the  oxidation  of  naphthalene  to 
phthalic  anhydride,  to  carry  out  the  reaction  at  the  highest 
temperature  which  could  be  maintained  without  ignition, 
to  condense  all  the  solid  and  liquid  products  of  the  reaction, 
and  to  determine  the  total  acid  formed  and  the  total  naph- 
thalene recovered.  ♦ 

Since  the  object  of  the  experiments  w-as  to  develop  a 
practical  process  for  the  manufacture  of  phthalic  anhydride 
rather  than  to  study  the  catalytic  action  of  the  substances 

■>  U.S.  Patent  1,261,022  (1918)  ;C.  .4.,  12  (1918),  1558. 
12  Jap.  Patent  31,387  (1917);  C.  .4.,  12  (1918),  157. 
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as  a  matter  of  scientific  interest,  no  great  care  was  taken 
to  prepare  absolutely  pure  chemical  compounds  for  use  as 
catalysts,  to  attain  any  great  precision  in  quantitative  mea- 
surements, or  to  hold  the  conditions  under  which  the  ex- 
periments were  made  absolutely  uniform  in  the  different  tests. 
PREPAR.\TiON  OF  c'.\T.\LYSTS — Most  of  the  substances 
selected  as  possible  catalysts  were  metallic  oxides.  Oxides, 
such  as  those  of  arsenic,  antimony,  lead,  and  zinc,  which 
might  volatilize  or  form  volatile  products  under  the  condition 
of  the  experiment,  were  believed  to  be  impracticable  and 
were  not  tested.  The  state  of  oxidation  of  the  metallic 
oxides  selected  for  testing  was  felt  to  be  of  little  importance, 
since  the  final  state  of  oxidation  undoubtecUy  would  depend 
upon  the  conditions  of  the  experiment. 


The  metallic  oxides  were  in  some  cases  purchased  as  such. 
Several  were  prepared  by  igniting  nitrates  of  the  metals,  and 
a  few  from  other  salts  by  common  methods.  Vanadium 
pentoxide  was  made  by  heating  ammonium  metavanadate 
at  about  200°  untU  the  hot  material  no  longer  smeUed  of 
ammonia.  Chromium  sesquioxide  and  manganese  sesqui- 
oxide  were  prepared  from  chromium  trioxide  and  manganese 
dioxide,  respectively,  by  heating  these  oxides  to  low  redness 
and  adding  naphthalene  in  small  portions  to  the  hot  material 
untU  there  was  no  ignition.  Platiimm  was  deposited  in  a 
finely  divided  form  upon  magnesium  oxide  by  mixing  solutions 
of  platinum  chloride  and  magnesium  nitrate,  evaporating 
the  mixture  to  dryness,  igniting  the  residue,  treating  the 
product  with  ammonia  water,  drying,  and  igniting  again. 
The  product  contained  about  5  per  cent  of  platinum. 

Some  of  these  catalysts  were  prepared  from  chemicals 
supposed  to  be  of  the  very  highest  purity,  but  most  of  them 
were  made  from  C.  P.  chemicals  which  had  been  examined 
and  passed  as  suitable  for  use  as  analytical  reagents. 

APPARATUS — A  great  deal  of  trouble  was  experienced  in 
discovering  a  form  of  apparatus  which  would  permit  the 
desired  control  of  conditions  and  measurements  of  results,  and 
which  would  endure  the  temperature  desired.  The  form 
finally  developed  is  shown  in  the  figure.  Apparatus  of  this 
general  form  was  used  not  only  for  this  series  of  experiments 
but  for  numerous  others  in  connection  with  the  development 
of  the  process  described  in  this  jwper.  It  was  found  to  be  of 
fairly  general  application  in  making  tests  of  catalytic  gas- 
phase  reactions. 

A  is  the  air  supply  and  M  is  a  dry  gas  meter  which  measures 
the  air.  In  U  the'  naphthalene  i.s  volatilized  and  the  vapor 
mixed  with  air.  It  is  a  U-tube  with  the  ends  bent  at  right, 
angles  to  the  plane  of  tlie  V  so  tliat  it  will  lie  on  the  bottom 
of  the  oil  bath  O,  witli  the  ends  of  tlie  tube  above  the  surface 
of  the  oil.  Its  form  can  be  seen  in  tlie  inset.  Outlet  and 
inlet  tubes  are  fitted  into  it  witli  ground-glass  joints,  (1. 
The  tube  is  of  Pyrex  glass  and  has  an  inside  diameter  of  about 


2  cm.  It  is  charged  with  naphthalene,  N,  in  such  quantity 
that  the  portion  of  the  tube  lying  on  the  bottom  of  the  oil 
bath  is  not  quite  filled.  Hence  the  air  passes  over  the  melted 
naphthalene  but  does  not  bubble  through  it. 

The  outlet  of  tlie  U-tube  is  covered  with  a  thin  sheet  of 
asbestos,  I,  and  is  heated  with  a  few  turns  of  resistance 
wire,  W,  so  that  it  will  not  be  closed  by  the  solidification  of 
naphthalene  on  the  walls.  This  outlet  is  connected  to  the 
reaction  tube  R  by  a  ground-glass  joint,  G. 

The  reaction  tube  R  is  made  of  Pyrex  glass.  It  is  65  cm. 
in  length  and  has  an  inside  diameter  of  about  2  cm.  It 
branches  at  the  rear  end,  a  thermocouple  being  inserted 
through  the  straight  branch  while  the  effluent  gases  are  led 
off  through  the  side  branch.  The  catalyst  is  placed  in  the 
reaction  tube  in  porcelain  combustion  boats,  B,  which  are 
about  T.'j  mm.  long,  1.5  mm.  wde,  and  8  mm.  high. 

The  condenser  C  is  simply  an  air-cooled  glass  tube  of 
about  5  cm.  inside  diameter.  A  tube  of  this  diameter  and 
about  SO  cm.  long,  with  a  plug  of  cotton  wool  in  the  open  end, 
was  found  adequate  to  collect  all  visible  solid  reaction  jjrod- 
ucts  when  the  production  of  phthalic  anhydride  was  high. 
In  other  cases  two  connected  tubes  with  a  total  length  of  175 
cm.  were  used.  The  condenser  C  is  fitted  on  to  the  reaction 
tube  R  by  means  of  a  built-up  asbestos  stopper. 

The  reaction  tube  R  lies  in  a  copper  heating  tutje,  H, 
which  is  heated  by  the  resistance  wire  W.  The  copper  tube  is 
covered  with  a  thin  layer  of  sheet  asbestos,  the  resistance 
wire  is  wound  upon  this,  and  the  whole  is  heavily  insulated 
with  asbestos.  The  current  which  heats  tube  H  also  passes 
through  sections  of  resistance  wire  wound  upon  the  outlet  of 
tube  U  and  upon  the  side  branch  of  the  reaction  tube.  These 
sections  of  resistance  wire  are  connected  by  means  of  binding 
posts,  so  that  the  connections  can  be  broken  readily.  This 
allows  the  reaction  tube  to  be  withdrawn  from  the  heating 
tube  and  the  U-tube  to  be  disconnected  from  the  reaction 
tube.     The  current  is  controlled  by  the  resistance  F. 

The  temperature  of  the  reaction  tube  at  the  point  P  is 
measured  by  means  of  a  platinum-rhodium  thermocouple,  T. 
The  vfires  of  the  thermocouple  are  inserted  in  a  sjiecial  pro- 
tecting tube  made  of  Pyrex  glass. 

CONTROL  OF  GAS  MixTUKE^It  was  thought  that  the  pro- 
portion of  naphthalene  vapor  in  the  gas  mixture  could  be 
controlled  simply  by  controlling  the  temperature  of  the  bath 
in  which  the  U-tube  rested.  It  was  found,  however,  that  the 
quantity  of  naphthalene  carried  out  of  the  U-tube  depended 
not  only  upon  the  temperature  of  the  bath  l)ut  also  on  several 
other  conditions,  such  as  the  temperature  of  the  parts  of  the 
tube  above  the  surface  of  the  oil  and  the  velocity  of  the  air 
through  the  tube.  At  a  given  temperature  in  the  bath  a 
rapid  stream  of  air  would  emerge  from  the  U-tube,  containing 
a  greater  projiortioti  of  naphthalene  than  would  a  slowly 
moving  stream  of  air.  Since  all  the  conditions  involved 
could  not  be  controlled  easily  it  was  difficult  in  all  experiments 
to  keep  the  ratio  of  naphthalene  vapor  to  air  as  nearly  con- 
stant as  was  desired. 

ANALYTICAL  PROCEDURE — Before  and  after  each  experiment 
the  U-tube  was  wiped  free  from  oil,  washed  with  a  cloth 
saturated  with  ether,  and,  after  standing  for  a  few  minutes 
in  the  air,  was  weighed  on  an  analytical  balance,  the  weight 
being  recorded  to  the  nearest  centigram.  The  major  part 
of  the  product  in  the  condenser  was  scraped  out  and  placed 
in  a  desiccator.  Tiie  product  remaining  in  the  condenser  was 
rinsed  out  with  ether  into  a  small  weighed  beaker.  This 
beaker  was  placed  in  a  vacuum  desiccator  where  the  ether 
was  evaporated  by  directing  upon  its  surface  a  rapid  stream 
of  air  which  li;ul  been  dried  by  passing  through  sulfuric  acid. 
In  this  way  llic  ether  co\iId  be  evaporated  without  condensa- 
tion of  moisture  on  the  beaker  and  in  the  residue.     The  beaker 
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Table  I — TssTs  of  VARions  Substances  as  Catalysts  for  the  Conversion  of  Naphthalene  to  Phtbalic  Anhydride 


EXPT. 

No. 
256 
434 
258 
411 
188 
183 
197 
189 
432 
271 
182 
415 
278 
181 
184 
416 
187 
184 


Substance 
Tested 
MgO 
AI2O3 
SiOs 
TiO. 
ZrOi 
CeOj 
ViOs 
CojOs 
CriOi 
M0O3 
WO] 
UOs 
MnjOj 
FejOj 
NiO 
CojOj 
CmO 
5%  Pt;95%  MgO 


Vol.  Air 
per  1  G. 
Naphthalene 
Liter 


3.6 
5.2 
4.8 
3.2 
5.2 
4.5 
5.0 
5.1 


Time  of 

Contact 

Sec. 

4.06 

2.39 

3.72 

2.67 

2.03 

1.96 

2.44 

2.02 

2.45 

2.90 

2.01 


73 
87 
97 
97 
67 
13 
20 


SpeciBc 
Time  of 
Contact 

2.65 

2.39 

2.43 

2.57 


.21 

.14 

.66 

.20 

.45 

.85 

.19 

2.73 

2.54 

2.15 

2.15 

2.67 

2.32 

2.40 


Temper- 
ature 
°C. 
413 
400 
397 
419 
450 
455 
450 
455 
401 
426 
428 
427 
401 
456 
455 
410 
445 
431 


Converted 
Per  cent 
Trace 
0.2 
0 
0 
0 
0 
3 


.1 
.3 
.2 
.2 
.7 
0.3 
Trace 
10.2 
2.7 
1.3 
1.8 
0.3 
0.2 
0.1 
0.5 
0.2 


-Naphthalene- 
Recoverable  . 
Per  cent 
84.6 
56.1 
78.9 
57.8 
51.2 
61.1 
42.9 
89.6 
52.5 
62.2 
63.0 
47,3 
46.0 
64.8 
51.7 
21.5 
35.7 
43.8 


Lost 
Per  cent 
15.4 
43.7 
21.0 
41.9 
48.6 
38.7 
53.4 
10.1 
47.5 
27.6 
34.3 
51.4 
52.2 
34.9 
48.1 
78.4 
63.8 
56.0 


Anhydride  Acid  in 

Produced  Product 

per  Hr.  as  Anhydride  Attacked 

Gram  Per  cent       Per  cent 


Yield  of 
Anhydride 
on  Naph- 
thalene 


Trace 
0.013 
0.007 
0.009 
0.019 
0,017 
0.191 
0.025 
Trace 
0.590 
0.226 
0.049 
0.100 
0.020 
0.019 
0.005 
0.024 
0.009 


Trace 
0.1 
0.2 
0.5 
0.6 
0.4 
9.4 
0.5 
Trace 
16.2 
4.9 
3.3 
4.3 
0.4 
0.5 
0.6 
1.4 
0.4 


0.1 
0.6 
0.6 
0.6 
0.5 
7.5 
3.9 

3i  .1 
8.6 
3.0 
3.S 
0.7 
0.5 
0.2 
0.8 
0.3 


and  residue  were  further  dried  for  several  hours  in  a  desiccator 
over  sulfuric  acid.  The  quantity  of  ether  used  was  noted. 
The  amount  of  naphthalene  lost  during  the  evaporation  of  a 
known  quantity  of  ether  by  this  method  had  been  determined 
by  experiment.  Hence  allowance  could  be  made  in  each 
experiment  for  the  loss  of  naphthalene  due  to  the  evaporation 
of  ether.  The  beaker  and  the  total  product  recovered  were 
weighed.  A  measured  quantity  of  standard  alkali  was  then 
added,  followed  by  water  sufficient  to  cover  the  solid  matter 
in  the  beaker.  The  beaker  was  next  immersed  in  a  steam 
bath  until  the  naphthalene  was  melted  and  the  acid  products 
were  dissolved.  When  this  had  taken  place,  the  mixture 
was  vigorously  agitated  from  time  to  time  and  allowed  to 
digest  for  several  minutes.  The  residual  alkali  was  then 
titrated  with  standard  acid,  using  a  solution  of  thymolsulfo- 
phthalein  as  an  outside  indicator." 

OBSERVATIONS  MADE  AND  CALCULATED  VALUES  RECORDED — 

The  following  explanations  are  offeired  in  connection  with  the 
results  obtained  (Tables  II- V): 

The  "volume  of  air  per  1  g.  naphthalene"  is  the  ratio  between 
the  total  volume  of  air  used  (in  liters),  as  shown  by  the  gas  meter, 
and  the  total  naphthalene  used,  as  shown  by  the  loss  in  weight 
of  the  U-tube. 

The  "time  of  contact"  is  the  theoretical  average  time  during 
which  a  gas  molecule  may  come  in  contact  with  the  catalyst 
bed;  that  is,  the  time  required  for  the  column  of  gas  over  the 
catalyst  to  move  the  length  of  the  catalyst  bed.  It  is  calculated 
by  the  following  formula: 

Vol.    gas    over    catalyst    bed 


Vol,  mixed  gases  added  persec.  X 


temp,  in  tube  +   273 


Time  of  con- 
tact in  seconds 


temp,  in  room  4-  273 

The  volume  of  mixed  gases  includes  the  air  (measured  at  room 
temperature)  and  the  calculated  volume  of  naphthalene  vapor  at 
2.5°.  No  account  is  taken  of  the  penetration  of  the  catalyst 
bed  by  the  gases. 

The  "specific  time  of  contact"  is  the  time  of  contact  divided 
by  the  volume  of  gas  over  1  sq.  cm.  of  catalyst  surface,  that  is, 
the  time  in  seconds  required  for  supplying  1  cc.  of  mi.\ed  gases 
for  each  sq.  cm.  of  catalyst  surface.  The  purpose  of  calculating 
this  value  is  to  make  the  results  obtained  in  tubes  of  different 
caliber  comparable.     The  following  is  the  formula  used : 

Area    of    catalyst    bed _  Specific  time 

temp,  in    tube  +  273  °f  contact 

Vol.  mixed  gases  added  per  sec.    X  -r : ; — ;^:^^ 

temp,  in  room    +   273 

The  "temperature"  is  an  average  of  the  pyrometer  readings 
taken  at  intervals  of  10  or  15  min.  It  represents  the  average 
temperature  of  the  gases  immediately  after  leaving  the  catalyst — 
i.  e.,  at  point  Pin  the  figure.    The  wide  variation  in  temperature 


"  This  indicator  was  preferred  because  the  color  change  taking  place 
is  very  marked  and  is  not  obscured  by  the  dark  brown  color  present  in  the 
solution  titrated.  Furthermore,  it  is  water-soluble,  which  makes  it  con- 
venient for  use  on  a  spot  plate.  For  description  of  this  compound  and  its 
uses,  see  /.  Am.  Chem.  Soc,  16  (1918),  1443.  Phenolphthalein  can  be  used 
for  the  titration,  but  with  less  convenience  and  accuracy. 


shown  in  Table  1  is  due  mainly  to  a  change  of  view  as  to  the 
proper  temperature  to  be  maintained.  In  making  the  first  tests 
it  was  thought  that  the  temperature  should  be  held  as  high  as 
possible  without  ignition  of  the  gases,  since  the  acidity  of  the 
products  seemed  to  rise  with  rise  of  temperature.  Later  it 
was  found  that  temperatures  of  450°  or  higher  were  unnecessary 
and  undesirable,  and  the  working  temperature  was  reduced  to 
around  425°,  and  later  to  around  400°. 

The  "naphthalene  converted"  is  the  naphthalene  equivalent 
to  the  phthalic  anhydride  found,  expressed  as  percentage  of  the 
total  naphthalene  added. 

The  "naphthalene  recoverable"  is  the  difference  between  the 
acid  found  and  the  total  product  recovered,  to  which  is  added 
the  calculated  naphthalene  lost  in  evaporation  of  the  ether 
and  the  calculated  naphthalene  carried  through  the  apparatus 
with  the  waste  gases.  The  naphthalene  lost  during  the  evapora- 
tion of  100  cc.  of  ether  as  carried  out  in  the  analytical  work  was 
determined  by  experiment  to  be  approximately  0.05  g.  Since 
the  amount  of  ether  used  was  ordinarily  around  50  cc,  the  cor- 
rection generally  amounted  to  0.02  or  0.03  g.  The  naphthalene 
lost  with  the  waste  gases  was  calculated  from  the  vapor  pressure 
of  naphthalene,  which  is  given  in  the  literature  as  0.064  mm.  at 
20°,  0.164  mm,  at  30°,  and  0,378  mm,  at  40°. 

It  was  calculated  that  at  25°,  0.0007  g.  of  naphthalene  would 
be  carried  away  with  each  liter  of  waste  gases.  The  "naphtha- 
lene recoverable"  is  expressed  as  percentage  of  the  total  naph- 
thalene added. 

The  "naphthalene  lost"  is  the  naphthalene  not  converted 
and  not  recoverable,  expressed  as  percentage  of  the  total  naph- 
thalene added. 

The  "acid  in  product"  is  the  acid  found,  calculated  as  phthalic 
anhydride  and  expressed  as  percentage  of  the  total  product 
recovered. 

The  "yield  of  anhydride  on  naphthalene  destroyed"  is  the 
acid  found,  calculated  as  anhydride,  and  expressed  as  percentage 
of  the  sum  of  the  naphthalene  converted  and  naphthalene  lost. 

RESULTS  OF   SEARCH  FOR  THE  BEST   CATALYST.      DISCUSSION 

OP  TABLE  I — The  results  of  the  first  tests  of  various  substances 
as  catalysts  are  given  in  Table  I. 

Of  the  18  substances  tested,  the  oxides  of  vanadium,  molyb- 
denum, tungsten,  uranium,  manganese,  and  copper  produced 
more  liigUy  acid  products  than  did  the  other  substances, 
while  the  o.xides  of  vanadium,  columbium,  molybdenum, 
tungsten,  uranium,  and  manganese  gave  the  highest  yields. 
The  results  show  no  definite  relations  between  the  position 
of  an  element  in  the  periodic  system  and  the  beha\dor  of  the 
o.xide  as  a  catalyst  in  the  reaction  under  discussion.  It  is 
worthy  of  note,  however,  that  the  six  substances  giving  the 
highest  yields  were  oxides  of  metals  of  the  fifth,  sixth,  and 
seventh   groups. 

Under  the  conditions  of  the  experiments,  molybdenum 
trioxide  obviously  was  the  best  catalyst.  It  was  decided, 
however,  to  make  further  tests  of  five  of  the  six  oxides  gi^'ing 
the  highest  yields.  Columbium  o.xide  was  eliminated  because 
it  was  thought  to  be  too  rare  to  be  used  in  a  commercial 
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Tabls  II — Bbst  Results  Obtained  in   Experiments  in  Which  Various 

Gas  Mixtures.  Times  op  Contact,  and  Temperatures  Were 

Tried  for  Each  of  the  Catalysts  Tested 

Yield 
of  Anhy- 
Acid  in   dride  on 
Naphthalene '  Anhydride   Product    Naph- 


EXPT, 

No.  Catalyst 

10  VjOs 

270  MoOj 

279  Woi 


Recover- 

Converted     able 

Per  cent  Per  cent 

54.8  19.0 

IS  8         62.6 

10.5         39.9 


Lost 
Per  cent 
26.2 
18.6 
49.6 


Produced  as  Anhy-   Ihalene 

per  Hour      dride     Attacked 

Per  cent  Per  cent 


Gram 
0.99 
0.66 
0.22 


80.6 
26.2 
24.3 


78.5 
57.9 
20.1 


process.  In  the  additional  tests  it  was  planned  to  vary  the 
ratio  of  air  to  naphthalene  vapor,  the  time  of  contact,  and  the 
temperature  of  tlie  reaction  chamber  in  different  experiments 
with  tlie  same  catalyst  in  order  to  determine  wliether  by 
changing  the  conditions  of  the  tests  results  superior  to  those 
of  the  first  series  could  be  obtained.  Tliese  experiments 
gave  some  information  on  the  proper  conditions  for  carrying 
out  this  oxidation  of  naphthalene,  and  led  to  a  more  system- 
atic study  of  these  conditions  aiming  toward  the  discovery  of 
the  best  gas  mixture,  tlie  best  time  of  contact,  and  the  best 
temperature.  The  results  of  this  study  will  be  reported  in  a 
subsequent   paper. 


Some  Properties  of  Vanadium  Pentoxide  as  a  Catalyst 

FORMS  OF  VANADIUM  PENTOXIDE — When  prepared  from 
ammonium  metavanadate  at  temperatures  below  300°, 
vanadium  pentoxide  is  a  light,  fluffy,  chocolate-colored  pow- 
der. When  heated  to  about  550°  it  grows  somewhat  darlier 
and  apparently  sinters  enough  to  become  less  fbie  and  fluffy. 
At  a  higher  temperature  (given  in  the  literature  as  658°) 
it  fuses,  and  when  cooled  again  solidifies  to  a  crystalline  mass. 

In  a  series  of  experiments  in  which  at  first  light,  fluffy 
vanadium  pentoxide  was  used  as  a  catalyst,  this  o.xide  was 
overheated.  Apparently  it  gave  better  results  than  when 
used  in  the  light  state.  It  was  found  that  the  oxide  had 
been  sintered  by  the  overheating.  Further  experiments 
showed  that  in  its  catalytic  properties  light  vanadium  pent- 
oxide differs  somewhat  from  the  sintered  or  fused  forms. 
It  is  not  known  whether  this  change  in  catalytic  properties 
is  due  to  physical  changes  alone  or  whether  chemical  changes 
also  occur.  It  is  quite  possible  that  deleterious  substances 
might  be  volatilized  by  heating,  but  this  point  was  not  in- 
vestigated. 

DISCUSSION  OF  TABLE  III — The  results  of  a  few  experiments 


Table  III — Tests  of  the  Catalytic  Properties  of  Vanadium  Pentoxide  in  Different  Physical  Conditions 


EXPT. 

No.  Description  of  Experiments^ 

327  Catalyst;  light,  fluffy  VzOs  made  from  ammonium  metavana- 

date by  heating;  not  heated  above  450° 

328  Same  catalyst  used  as  in  Expt.  327  but  after  heating  to  560° 

and  slightly  sintering 

331  Catalyst;  VaOs  made  from  same  sample  of  ammonium  meta- 

vanadate as  catalyst  used  in  Expt.  327  but  completely 
fused  and  afterwards  powdered 

334  Catalyst;   light  VaOs  powder — method   of  preparation  "un- 

known 

336  Same  catalyst  used  as  in  Expt.  334  but  after  heating  until 

slightly  sintered 

345  Catalyst;  VaOs  of  unknown  origin,  fused,  and  then  powdered 

*  The  conditions  with  respect  to  gas  mixture,  time  of  contact,  and  temperature  were  approximately  uniform  for  the  group  of  experiments. 


Converted 
Per  cent 

■Naphthalene — 

Recoverable 

Per  cent 

Lost 
Per  cent 

Anhydride 
Produced 
per     Hr. 
Grams 

Acid  in 

Product  as 

Anhydride 

Per  cent 

Yield  of 
Anhydride 
on  Naph- 
thalene 
Attacked 
Per  cent 

50.6 

14.9 

34.5 

0.98 

84.0 

68.8 

55.6 

21.7 

22.7 

1.15 

76.0 

81.8 

61.2 

11.7 

27.1 

1.46 

88.0 

80.1 

47.4 

13.0 

39.6 

0.84 

83.2 

63.0 

55.1 
61.9 

26.7 
14.5 

18.2 
23.6 

1.13 
1.24 

72.3 
86.9 

87.2 
83.5 

DISCUSSION  OF  TABLE  II — In  tests  of  uranium  trioxide 
and  manganese  sesquioxide  under  varied  conditions  no  yields 
better  than  those  resulting  from  the  first  tests  (Table  I) 
"were  obtained.  This  was  not  the  case,  however,  in  tests  of 
the  oxides  of  vanadium,  molybdenum,  and  tungsten,  of 
which  some  results  are  given  in  Table  II.  With  these  oxides 
as  catalysts  it  was  found  that  by  varying  the  conditions  of  the 
tests,  yields  much  better  than  those  obtained  in  the  first  series 
of  experiments  could  be  obtained.  For  instance,  with  the 
same  vanadium  pentoxide  as  that  used  in  Expt.  197  (Table 
I)  a  yield  of  78.5  per  cent  was  obtained,  given  suitable  con- 
ditions of  gas  mixture,  time  of  contact,  and  temperature. 
No  combination  of  conditions  which  would  give  yields  equal 
to  this  when  molybdenum  trioxide  was  used  as  a  catalyst 
could  be  found,  notwithstanding  the  fact  that  under  some 
conditions  (Expt.  271,  Table  I)  this  catalyst  gave  better 
yields  than  vanadium  pentoxide.  Tungsten  trioxide  was 
found  to  be  a  very  poor  catalyst  in  comparison  with  the  oxides 
of  vanadium  and  molybdenum. 

The  best  yields  obtained  with  each  of  the  three  oxides 
under  discussion  are  shown  in  Table  II.  In  each  test  the 
sample  of  oxide  used  was  the  same  as  that  used  to  obtain  the 
results  reported  in  Table  I. 

Molybdenum  trioxide  not  only  failed  to  give  yields  as  high 
as  the  best  detained  with  vanadium  pentoxide,  but  also 
showed  tli(>  rather  serious  fault,  from  a  practical  point  of 
view,  of  being  slightly  volatile  at  the  reaction  temperature. 
The  conclusion  was  drawn  that  vaiuidiiim  pentoxide  was 
the  best  catalyst,  and  subs(!(iuently  in  the  development  of  a 
commercial  method  for  the  manufacture  of  phthalic  anhydride 
this  catalyst  was  used  exclusively. 


recorded  in  Table  III  furnish  some  basis  for  a  comparison 
of  the  catalytic  properties  of  the  oxide  in  the  three  forms. 
With  respect  to  gas  mixture,  time  of  contact,  and  temperature, 
the  conditions  were  approximately  uniform  for  the  whole 
group  of  experiments. 

It  will  be  noticed  that  the  light  oxide  and  the  fused  oxide 
attacked  a  greater  proportion  of  the  naphthalene  added  and 
gave  a  more  higlily  acid  product  than  did  the  sintered  oxide. 
But  the  o.xide  after  sintering  or  fusion  gave  higher  yields 
than  did  the  oxide  in  the  light  state.  It  must  be  concluded 
that  it  generally  is  advisable  to  sinter  or  fuse  vanadium 
pentoxide  for  use  as  a  catalyst. 

Effect  of  Certain  Foreign  Substances  on  Catalytic 
Properties  of  Van.4Dium  Pentoxide 

As  wUl  be  shown  in  a  later  article,  a  great  many  sub- 
stances, when  present  in  the  reaction  chamber  with  the 
catalyst  during  the  oxidation  of  naphthalene  to  phthalic 
anhydride,  reduce  the  yield  of  the  anhydride.  Substances 
in  the  reaction  chamber  in  chemical  combination  with  the 
catalji'st  might  be  expected  also  to  have  a  deleterious  effect. 
This  proved  to  be  true  in  the  case  of  two  substances  tested, 
cobalt  metavanadate  and  vanadium  pentoxide  containing 
sodium  compounds. 

discussion  of  table  IV — The  results  of  the  test  of  the  two 
substances  mentioned  are  given-  in  Table  IV.  The  same 
table  sho\\s  the  results  of  tests  on  the  etTect  of  sulfur  tiioxide 
and  of  arsenic  trioxide  on  the  catalyst.  The  etTect  of  sulfur 
dioxide  was  studied  because  it  was  thought  that  tlii^  small 
amounts  of  this  compound  present  in  the  air  in  industrial 
centers  might  poison  nnv  vanadium  p(>ntoxide  catalyst  used 
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Table  IV — Tests  of  the  Effect  of  Foreign  Substances  on  Catalytic  Propbrties  of  Vanadium  Pentoxide 


ExpT. 
No. 
335 
340 

345 
346 


347 


34S 


349 


350 


Description  of  Experimenti 

Test  of  cobalt  metavanadate  as  a  catalyst 

Test  of  a  sample  of  V2O6  which  was  found  to  contain  about 
4  per  cent  of  sodium 

Control  experiment,  VzOs catalyst 

Test  of  effect  of  SOt.  Same  catalyst  used  as  in  Expt.  345. 
Enough  SO3  was  added  to  the  air  used  to  smell  strongly  in 
the  effluent  gases^ 

Test  of  effect  of  SOa.  Same  catalyst  used  as  in  Expts.  345 
and  346.  Before  the  experiment,  the  catalyst  was  exposed 
at  a  temperature  of  400°  to  an  atmosphere  of  undiluted  SOs 
for  about  1  hour.     No  SOi  was  added  during  the  experiment 

Test  of  effect  of  SO2.  Same  catalyst  used  as  in  Expts.  345- 
347;  treated  as  in  Expt.  347  except  that  tieatment  was 
continued  for  3  hrs.  No  SOi  was  added  during  the  ex- 
periment 

Test  of  effect  of  AsiOi.  Same  sample  of  VjO:  used  as  cata- 
lyst as  in  Expt.  345,  but  mixed  with  0.1  per  cent  of  its 
weight  of  AS1O3 

Test  of  effect  of  AsiOj.  Same  catalyst  used  as  in  Expt.  349 
but  mixed  with  an  additional  0.2  per  cent  of  its  weight  of 
AsiOj' 


Converted 

Per  cent 

19.4 


15.3 
61.9 


61.6 


60.9 


65.2 


63.0 


-Naphthalene — 
Recoverable 
Per  cent 
18.5 

47.7 
14.5 


20.4 


13.2 


12.9 


14.3 


Lost 

Per  cent 

62.1 

36.9 
23.6 


18.0 


26.2 


22.7 


Anhydride 

Produced 

per    Hr. 

Grams 

0.53 

0.23 
1.24 


1.48 


1.21 


1.16 


Acid  in 
Product  as 
Anhydride 

Per  cent 
56.5 

27.7 
86.9 


80.3 


86. 8 


87.1 


90.4 


86.5 


Yield  of 
Anhydride 
on  Naph- 
thalene 
Attacked 
Per  cent 
27.8 

33.1 
83.5 


89.3 


80.4 


80.7 


84.9 


85.2 


1  The  conditions  with  respect  to  gas  mixture,  time  of  contact,  and  temperature  were  approximately  uniform  for  the  group  of  experiments. 

«  Some  sulfuric  acid  was  formed  during  the  experiment.     The  quantity  was  determined  and  taken  into  account  in  calculating  the  results  of  the  experiment. 

'  Some  of  the  AsjOj  sublimed  out  of  the  catalyst  before  the  test  was  begun. 


for  a  long  period  in  contact  with  such  contaminated  air. 
The  effect  of  arsenic  trioxide  was  tested  because  this  com- 
pound is  knowTi  to  act  as  a  poison  in  other  catalytic  reactions. 
Neither  sulfur  dioxide  nor  arsenic  trioxide  seems  to  exert 
any  unfavorable  influence  upon  the  catalyst  and  apparently 
neither  substance  interferes  with  the  normal  course  of  the 
reaction.  On  the  contrary,  sulfur  dioxide  actually  seems  to 
aid  the  catalyst,  judging  from  the  results  of  the  one  ex- 
periment (Expt.  346)  in  which  the  gas  was  introduced  during 
the  progress  of  the  reaction. 

Products  of  Catalytic  Oxid.^tion  of  Naphthalene 

It  has  been  shown  (Expts.  331  and  345,  Table  III)  that 
naphthalene  may  be  oxidized  in  the  presence  of  a  catalyst 
under  such  conditions  that  the  principal  solid  product 
obtained  will  be  phthalic  anhydride.  Some  naphthalene 
generally  passes  through  the  reaction  chamber  unchanged  and 
in  addition  there  are  always  some  brown  material  and  some 
substance  or  substances  gi^•ing  the  condensate  a  very  sharp, 
irritating  odor.  Both  the  browni  coloring  matter  and  the 
irritating  substance  are  produced  most  abundantly  under 
certain  working  conditions  which  do  not  yield  large  propor- 
tions of  the  anhydride. 

The  by-products  of  the  reaction  under  discussion  have  not 
been  carefully  studied  because,  in  the  laboratory,  they  are 
formed  only  in  minute  quantities.  Some  information  con- 
cerning them  has  been  gathered,  however,  and  methods  for 
their  separation  from  the  anhydride  have  been  developed. 

The  presence  of  benzoic  acid  was  indicated  in  all  con- 
densates examined  by  a  positive  reaction  to  Mohler's"  test 
and  by  the  presence  of  acid  which  could  be  extracted  by 
cliloroform  from  aqueous  solutions.  In  the  product  resulting 
from  experiments  with  factory-scale  apparatus  this  acid 
was  found  in  proportions  amounting  to  about  1  per  cent  of 
the  total  product. 

Positive  reactions  for  a-  and  |8-naphthols  have  lieen  ob- 
tained when  large  quantities  of  crude  condensate  made  on 
a  factory  scale  were  available  for  testing.  These  compounds 
seem  to  be  present  in  very  small  proportions  of  the  whole. 

The  irritating  substance  is  not  much  in  evidence  when  the 
reaction  is  proceeding  smootlily.  It  is  volatile  enough 
to  be  driven  off  almost  completely  when  the  condensate  is 
dissolved  in  ether  and  the  ether  evaporated,  as  in  the  collec- 
tion of  the  condensate  for  analysis.  Its  vapor,  in  very  mod- 
erate concentrations,  causes  an  abundant  flow  of  tears. 

The  brown  coloring  matter  is  soluble  in  alkaline  solution 
and  in  the  common  organic  solvents.     In  chloroform  solution 

"  Bull.  soc.  chim..  (3)  3  (1890),  414. 


it  has  a  bright  cherry-red  color.  It  is  less  volatile  than 
phth.alic  anhydride. 

Both  the  irritating  fumes  and  the  brown  coloring  matter 
suggest  naphthoquinones,  and  it  seems  reasonable  to  suppose 
that  these  compounds,  as  well  as  phthalaldehydes,  would  be 
formed  in  the  reaction. 

Carbon  dioxide  is  the  main  gaseous  product  of  the  reaction, 
but  it  is  not  found  in  quantities  sufficient  to  account  for  the 
total  naphthalene  destroyed.  Carbon  monoxide  is  not  found 
in  the  gases  given  off.  The  conclusion  must  be  drawn  that  a 
portion  of  the  naphthalene  attacked  is  broken  down  into 
gaseous  compoimds  other  than  carbon  dioxide  and  carbon 
monoxide. 

Separation  of  Phthalic  Anhydride  from  By-products 
Fortunately  phthalic  anhydride  can  be  separated  with 
ease  from  all  of  the  other  substances  formed  in  the  catalytic 
oxidation  of  naphthalene.  One  means  for  accomplishing 
this  separation  is  fractional  sublimation.  In  the  process  of 
sublimation,  water,  whether  free  or  combined,  and  naph- 
thalene pass  over  at  lower  temperatures  than  the  anhydride 
does  and  may  be  separated  quite  sharply  from  it.  The  an- 
hydride, in  turn,  may  be  subluned  away  from  the  colored 
material,  and  with  proper  regulation  of  conditions  may  be 
condensed  in  a  high  state  of  purity,  whUe  the  colored  material 
is  retained  in  the  retort. 

The  anhydride  can  also  be  separated  from  the  crude  con- 
densate by  crystallization  from  organic  solvents,  the  color 
being  removed  from  the  solution  by  means  of  an  adsorbent. 
For  instance,  the  crude  product  may  be  dissolved  in  warm 
carbon  tetrachloride  and  a  decolorizing  charcoal  added  to 
remove  the  color.  If  the  charcoal  is  then  filtered  out  and  the 
solution  cooled  in  successive  stages,  successive  crops  of 
phthalic  anhj-dride  crystals  may  be  recovered  whOe  naph- 
thalene is  left  in  the  solution. 

Summary 

1 — Naphthalene  is  oxidized  to  phthalic  anhydride  when  a 
mixture  of  naphthalene  vapor  and  air  is  passed  through  a 
heated  tube  in  the  presence  of  certain  catalysts. 

2 — Vanadium  pentoxide  is  an  excellent  catalyst  for  bring- 
ing about  this  reaction;  MoOs  is  a  fairly  good  catalyst;  while 
MgO,  Al.Oa,  SiOs,  TiOs,  ZrO.,  CeOj,  Cb^Os,  CrjOs,  WO3, 
UO3,  MnsOs,  FejOs,  NiO,  C02O3,  Cu:0,  and  finely  divided 
Pt  mixed  with  MgO  are  poor  or  worthless  catalysts. 

3 — Vanadium  pentoxide,  fused  and  then  finely  powdered, 
is  a  better  catalj'st  for  this  reaction  than  is  the  light  powder 
prepared  by  decomposing  ammonium  metavanadate  at  low 
temperatures. 
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4 — Tlie  value  of  vanadium  pentoxidc  as  a  catalyst  in  the 
reaction  under  discussion  is  not  sensibly  lowered  by  arsenic 
trioxide  or  sulfur  dioxide.  The  pre.sence  of  sodium  com- 
pounds in  vanadium  pentoxide  lowers  its  efficiency  as  a 
catalyst  for  this  reaction. 

5 — When  naphthalene  is  oxidized  under  favorable  condi- 
tions with  vanadium  pentoxide  as  a  catalyst,  phthalic  an- 


hydride is  the  main  solid  reaction  product.  Other  uniden- 
tified solid  substances  are  produced  in  small  quantity. 
Benzoic  acid  has  been  found  in  the  product  and  naphthols 
probably  are  present  as  a  very  small  proportion  of  the  whole. 
Carbon  dioxide  is  the  main  gaseous  product,  although  other 
unidentified  compounds  are  formed.  Carbon  monoxide  is 
not  found  in  the  gaseous  products. 


The  Nature  of  Acid  Water  from  Coal  Mines  and  the  Determination 

of  Acidity" 

By  W.  A.  Selvig  and  W.  C.  Ratliff 

Bureau  op  Mines  Experiment  Station,  Pittsburgh,  Pennsylvania 


In  connection  with  an  investigation  of  the  corrosive  ac- 
tion of  acid  mine  water  from  coal  mines  on  various  types 
of  iron  and  steel,  conducted  by  the  Bureau  of  Mines  for  the 
American  Society  for  Testing  Materials,  the  chemical  labo- 
ratory of  the  Bureau  determined  over  an  extended  period  of 
time  the  degree  of  acidity  of  mine  water  from  a  bituminous 
coal  mine  in  western  Pennsylvania.  Satisfactory  results 
were  not  obtained  in  determining  acidity  due  to  free  mineral 
acids  by  the  usual  titration  method,'  on  account  of  the  pres- 
ence of  a  large  amount  of  iron  and  aluminium  sulfates.  A 
general  study  was  accordingly  made  of  the  nature  of  acid 
mine  water  from  coal  mines  and  of  the  bearing  of  sulfates 
of  iron  and  aluminium  on  acidity  determinations. 

Nature  or  Composition  of  Mine  Water 

SOURCE  OF  SULFURIC  ACID — Water  from  coal  mines  is 
usually  decidedly  acid,  containing  free  sulfuric  acid  and  fer- 
rous, ferric  and  aluminium  sulfates,  in  addition  to  sulfates 
of  calcium,  magnesium,  sodium,  and  potassium,  together 
with  silica  and  usually  some  cldorides. 

The  occurrence  of  iron  sulfates  and  free  sulfuric  acid  is 
due  to  the  action  of  water  and  air  on  the  pyrite  or  marcasite 
associated  with  coal.  These  substances  are  oxidized  to  ferrous 
sulfate,  ferric  sulfate,  and  sulfuric  acid: 

2FeS2  +  7O2  -I-  2H2O  =  2FeS04  -|-  2H2SO, 
4FeS04  -I-  2HSS04  +  02=  2Fe2(S04)3  +  2H2O 

NATURAL  PRECIPITATE — When  acid  mine  water  stands  a 
short  time  a  considerable  precipitation  of  iron-bearing  com- 
pounds usually  occurs.  Campbell^  gives  the  following  typi- 
cal composition  of  the  natural  precipitate,  commonly  called 
"sulfur  mud:" 


Dry 

Wet 

Per  cent 

Per  cent 

Moisture 

70.50 

Silica  (SiOz) 

'oiio 

Alumina  (AUOs) 

3  97 

Lime  (CaO) 

Nil 

Magnesia  (MgO) 

Nil 

Alkalies  (NazO+KiO) 

Not  determined 

Iron  oxide  (FejOa) 

63.43 

Loss  on  ignition 

31.82 

Sulfur  trioxide  (SOi) 

14.44 

The  composition  and  character  of  the  colloidal  precipitates 
resulting  from  the  hydrolysis  of  iron  salts  have  been  given  con- 
siderable study  lay  different  investigators.'    As  no  definite 

1  Presented  before  the  Division  of  Industrial  and  Engineering  Chemis- 
try at  the  62nd  Meeting  of  the  American  Chemical  Society,  New  York, 
N.  Y.,  September  6  to  10,  1921. 

'  Published   by   permission   of   the    Director,    IT.    S.    Bureau   of   Mines. 

'  "Standard  Methods  for  the  I{xamination  of  Water  and  Sewage," 
American   Public   Health   Association,   1920,    11. 

<  Discussion,  ".Sulfur  in  Coal  and  Coke,"  I'roc.  Kng.Soc,  Western  Penn,, 
36    (1920),    029. 

6  F.  K.  Cameron  and  W.  ().  Robinson,  "Ferric  Sulfates,"  J.  I'hys. 
C'hem.,  11  (1907),  641;  Eugen  I'osnjak  and  II.  U.  Merwin,  "The  Hydrated 
Ferric  Oxides,"  Am.  J.  Sci.,  47  (1919),  :)39i  Harry  B.  Weiser,  "Hydrous 
Oxides,"  J.  I'hy^.  Chem..  24  (1920),  277. 


basic  ferric  salt  has  been  established  with  certainty,  it  is  prob- 
able that  the  yellow-brown  precipitate  consists  of  hydrous 
ferric  oxides.  The  presence  of  sulfur  in  the  natural  precip- 
itate is  probably  due  to  adsorption  of  sulfate  ions  by  the 
colloidal  hydrous  oxides. 

IRON  COMPOUNDS — The  iron  may  be  considered  to  exist 
as  soluble  ferrous  and  ferric  sulfates  together  with  hydrous 
ferric  oxides  in  suspension  and  colloidal  solution.  On  stand- 
ing, dilution,  aeration  or  warming,  insoluble  iron  compounds 
tend  to  precipitate,  principally  as  hydrous  ferric  oxides. 

TYPICAL  ACID    WATER   FROM   A   BITUMINOUS    COAL    MINE    OF 

WESTERN  PENNSYLVANIA.'  Collection  of  samples — Samples 
of  water  were  collected  from  a  bituminous  coal  mine  in  the 
vicinity  of  Calumet,  Pa.,  the  water  from  which  was  con- 
sidered typical  of  the  acid  mine  water  region.  The  water 
was  collected  above  ground  after  it  had  been  pumped  from 
the  mine,  and  contained  considerable  entrapped  air.  Before 
the  stoppers  were  inserted  the  filled  sample  bottles  were  al- 
lowed to  stand  a  few  minutes  to  permit  the  air  biiblales  to 
escape.  Samples  were  taken  at  regular  intervals  over  a 
period  of  6  mo. 

Acidity  determinations — The  unfiltered  water  was  titrated 
with  0.02  A''  sodium  carbonate  on  the  day  following  collec- 
tion. The  raw  water  was  diluted  1  to  10  before  titrating 
on  account  of  the  high  concentration  of  sulfates  of  iron, 
which  by  partial  precipitation  obscured  the  end-point  when 
the  undiluted  water  was  used.  The  results  obtained  by  ti- 
trating for  free  mineral  acids  with  methyl  orange  were  un- 
questionably high,  as  the  result  of  partial  hydrolysis  and  lib- 
eration of  free  sulfuric  acid  by  aluminium  and  ferric  sulfates. 
This  was  confirmed  by  experimental  work  in  which  the  fer- 
ric sulfate  was  reduced  to  ferrous  sulfate,  before  titration, 
thus  eliminating  the  readily  hydrolyzed  ferric  sulfate.  Acid- 
ity due  to  free  mineral  acids  plus  sulfates  of  iron  and  alumin- 
ium was  determined  by  titrating  the  diluted  water  at  a 
boiling  temperature  with  0.02  N  sodium  carbonate  in  the 
presence  of  phenolphthalein.  The  maximum,  minimum,  and 
average  acitlity  of  the  water  during  the  G-mo.  jieriod  are 
given  in  Table  I. 

Table  I^Acidity  of  Typical  Water  from  Bituminous  Coal  Mink  of 

Western  Pennsylvania 

Acidity  (p.  p.  ra.)  in  terms  of  HjSOi 

Acidity   Due  to   Free  Sulfuric 
No.   of     Acidity  Due  to  Free  Sulfuric  Acid  Plus  Sulfates  of  Iron  and 

Samples  Acid'  Aluminium 

Collected       Max,  Min.  Av.  Max.  Min.  Aw 

19  825  590  695  2070  M95  1090 

>  Acidity  due  to  free  sulfuric  acid  is  unciuestionably  too  high,  as  the  re- 
sult of  hydrolysis  of  ferric  and  aluminium  stdfatcs. 

Ferrous  and  ferric  iron — The  amount  of  ferrous  and  ferric 
iron  present  in  the  unfiltered  raw  water  was  determined  at 
different  times.  The  ferrous  iron  deterniiniition  was  made 
at  tlie  mine  on  (he  fr(>sh  water,  and  the  total  iron  detemiina- 
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tion  was  made  in  the  laboratory  on  the  day  following  collec- 
tion. 

Ferrous  iron  was  determined  on  50-cc.  portions  of  the  un- 
filtered  water  by  adding  40  cc.  of  sulfuric  acid  (1:3)  and  ti- 
trating at  once  to  a  faint  pink  with  0.1  iV  potassium  per- 
manganate. Ferric  iron  was  calculated  from  the  difference 
between  the  total  iron  and  the  ferrous  iron  in  the  water.  The 
total  iron  was  determined  by  treating  50-cc.  portions  of  the 
unfiltered  water  in  a  300-cc.  Erlemneyer  flask  with  40  cc. 
of  sulfuric  acid  (1:3)  and  5  g.  of  granulated  zinc.  The  flask 
was  covered  with  an  inverted  porcelain  crucible  lid,  and 
warmed.  When  the  zinc  was  practically  all  dissolved  the 
contents  of  the  flask  were  quickly  cooled  and  filtered  through 
glass  wool,  washed  with  distiUed  water,  made  up  to  about 
200  cc.  with  cold  distilled  water,  and  titrated  at  once  with 
0.1  N  permanganate.  A  blank  was  run  with  the  same 
amounts  of  zinc  and  sulfuric  acid.  The  ferrous  and  ferric 
iron  content  of  the  water  is  given  in  Table  II. 

Table  II — Ferrous  and  Ferric  Iron  Content  op  Unfiltered  Water 

Ferrous  Iron  Ferric  Iron 

Date  of  Collection                               P.  p.  m.  P.  p.  m. 

October  1.  1920                                         122  237 

October  15,  1920                                         91  251 

October  29,  1920                                       116  243 

November  12,  1920                                   105  294 

As  ferrous  sulfate  oxidizes  very  readily  to  ferric  sulfate,  a 
number  of  determinations  were  made  for  ferrous  iron  at  the 
mine  and  also  on  the  same  water  the  day  following  collec- 
tion. In  all  cases  an  appreciable  oxidation  of  ferrous  iron 
occurred,  although  the  bottles  w6re  completely  filled  with 
water  and  tightly  stoppered.  This  o.xidation  may  be  ac- 
counted for  by  the  presence  of  dissolved  oxygen  in  the  water. 

Table  III — Ferrous  Iron  Content  of  Mine  Water  at  Mine  and 


AFTER 

Standing 

Date  of  Collection 

At  Mine 
P.  p.  m. 

After    Approxi- 
mately 24  Hrs. 
P.  P   m. 

Decrease  of  Fer- 
rous Iron  after 

24  Hrs. 

P.  p.  m. 

October  1,  1920 
October  6.  1920 
October  29,  1920 
November  12.  1920 

122 

91 

116 

105 

94 
66 
55 
89 

28 
25 
61 
16 

Mineral  analysis  of  water — The  mine  water  as  collected 
was  yellow-brown  in  color  and  contained  some  suspended 
matter.  After  a  short  time  a  considerable  precipitation 
of  iron  oxides  took  place.  One  of  the  samples  was  analyzed 
for  mineral  content  the  day  following  collection  and  was 
thorouglily  shaken  before  removing  portions  for  analysis  so 
as  to  include  all  mineral  matter  in  solution  and  suspension. 
Another  sample  was  allowed  to  stand  in  a  tightly  stoppered 
glass  bottle  for  about  1  mo.,  and  filtered,  and  a  mineral 
analy.sis  made  on  the  filtrate.  The  precipitated  matter 
from  this  sample  amounted  to  761  p.  p.  m.  when  dried  at  105° 
C.  The  analytical  results  on  these  two  samples  are  given 
in  Table  IV. 

TABI.E  IV — Mineral  Analysis  of  Mine  Water 

Unfiltered  Water  Analyzed        Filtrate  from  Water  Al- 


Day  F 

oHowing  Collection 

lowed  to  Stand  1  Mo. 

Constituent 

P.  p.  m. 

P.p.  m. 

SiOi 

60 

56 

Fe  +  + 

101 

3 

Fe  +  -n- 

283 

263 

Al 

101 

91 

Ca 

221 

224 

Mg 

87 

93 

K 

5 

6 

Na 

49 

53 

CI 

9 

6 

S04 

2282 

2246 

The  results  show  that  the  ferrous  sulfate  was  practically 
completely  removed  on  standing.  After  standing,  the  water 
contained  considerable  ferric  sulfate  in  solution,  and  with- 
out doubt  an  acid  concentration  had  been  reached  which  pre- 
vented any  further  hydrolysis  of  ferric  sulfate  and  precipi- 
tation of  hydrous  ferric  oxides. 


Determination  of  Acidity 

SPECIAL    methods    for    ESTIMATION    OF    FREE    ACID — The 

amount  of  free  sulfuric  acid  in  mine  water  is  frequently  cal- 
culated by  making  a  complete  mineral  analysis  of  the  filtered 
water  and  combining  the  bases  as  normal  sulfates,  the  ex- 
cess SO4  being  figured  to  free  H2SO4.  Tliis  involves  much 
work  and  is  not  satisfactory  because  the  value  obtained  is 
subject  to  an  error  equal  to  the  algebraic  sum  of  the  indi- 
vidual errors  of  the  mineral  analyses. 

Ferric  and  aluminium  sulfates  hydrolyze  very  readily, 
and  waters  containing  appreciable  amounts  of  these  salts 
invariably  give  high  results  when  an  attempt  is  made  to  de- 
termine free  mineral  acids  by  direct  titration  with  standard 
alkali  and  methyl  orange. 

Capps  and  Boies^  removed  ferric  sulfate  by  reducing  it 
to  ferrous  sulfate  by  means  of  cadmium  amalgam,  the  air 
dissolved  in  the  water  also  being  replaced  by  hydrogen. 

Rankin'  recommends  a  very  simple  method  of  reducing  the 
ferric  sulfate  to  ferrous  sulfate  by  adding  an  excess  of  potas- 
sium iodide  solution  to  the  water  and  subsequently  con- 
verting the  Mberated  iodine  to  sodium  iodide  by  the  addition 
of  a  slight  excess  of  sodium  thiosulfate,  measured  by  the  dis- 
appearance of  the  yellow  color  due  to  free  iodine.  The  re- 
actions are  as  follows; 

Fe2(S04)3  -I-  2KI  =  KjSOi  +  2FeS04  +  21 
21  -f  2Na2Sj03  =  2NaI  -|-  NajSiOs 

The  method  requires  no  special  apparatus  and  is  extremely 
simple.  It  was  subjected  to  experimental  tests  as  to  its 
suitabihty  for  the  determination  of  free  acid  in  mine  water 
from  coal  mines. 

DETERMINATION  OF  FREE  ACIDITY — Five  Samples  of  water 
from  the  Calumet  mine  were  collected  at  different  times, 
and  the  acidity  due  to  free  mineral  acids  was  determined 
with  and  without  reducing  the  ferric  sulfate  to  ferrous  sul- 
fate. In  the  first  case,  the  unfiltered  water  was  diluted  and 
titrated  against  0.1  A'^  sodium  hydroxide,  with  methyl  orange 
as  an  indicator.  In  the  reduction  method  an  excess  of  10  per 
cent  potassium  iodide  solution  was  added  to  the  unfiltered, 
undiluted  water  until  a  yellow  color  of  free  iodine  appeared ; 
the  water  was  then  diluted  and  titrated.  Before  the  titration 
the  excess  of  free  iodine  was  destroyed  by  adding  10  per  cent 
sodium  thiosulfate  solution.  The  results  of  this  series  of 
tests  are  given  in  Table  V. 

Table  V — Titration  of  Free  Mineral  Acids  with  and  without  Re- 
duction OF  Ferric  Sulfate 
Acidty  (p.  p.  m.)  in  terms  of  H2S0i 

Ferric  Sulfate  Reduced    to 

Sample  No,  not  Reduced  Ferrous  Sulfate 

1  665  324 

2  688  320 

3  865  458 

4  715  372 

5  670  487 

A  marked  decrease  in  free  acidity  after  reducing  the  ferric 
sulfate  is  noted  in  each  sample.  However,  the  value  ob- 
tained must  still  be  considered  too  high,  owing  to  the  pres- 
ence of  aluminium  sulfate. 

Five  synthetic  waters  with  varying  amounts  of  free  sul- 
furic acid  were  prepared.  Ferrous  and  ferric  sulfates  and 
aluminium  sulfate  were  added  in  approximately  the  amounts 
which  were  found  in  the  acid  Calumet  mine  waters: 


p.  p.  ra. 

275 

1000 

640 


FeS04 

FenSOi)! 

Al2(SO«)j 

The  acid  water  was  titrated  before  the  addition  of  the  salts 
in  order  to  determine  the  exact  acidity  due  to  added  sulfuric 

'7.  Phys.  Chem.,  19  (1915),  6.5. 
'  "Acidity    Determination    in    Water, 
Etc.,"  Chem.  Mel.  Ene..  18  (191S),  96. 
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acid.  Portions  of  the  water  were  then  diluted  and  titrated 
for  free  acidity  with  and  without  previous  reduction  of  ferric 
to  ferrous  suKate.  The  results  of  the  determinations  are 
given  in  Table  VI. 

Tablb  VI — Titration  of  FrsB  Sulfuric  Acid  in  Synthetic  Mine  Waters 

Acidity  (p.  p.  m.)  in  terms  of  HjSOi 
Sample     Acidity  Due  to        Acidity  by  Titration  Acidity  by  Titration 

No.  Added  HiSOj       Fe!(SO<)3  Not  Reduced  FesCSOOi  Reduced 

1  None  461  294 

2  460  1,003  772 

3  909  1,403  1,237 

4  4,724  4,954  4,782 

5  10,025  10,368  10,045 

The  excess  of  acidity  shown  in  the  unreduced  samples  ap- 
parently consists  of  free  sulfuric  acid  liberated  by  the  unre- 
duced ferric  sulfate.  Sample  1,  which  contained  no  added 
acid,  showed  294  p.  p.  m.  free  acid  after  the  reduction  of  the 
ferric  sulfate.  Doubtless  this  can  be  accounted  for  by  the 
hydrolysis  of  the  aluminium  and  ferric  sulfates  during  the 
short  interval  between  the  preparation  of  the  water  and  the 
reduction  of  the  dissolved  ferric  sulfate.  The  excess  of 
free  acid  determined  by  titration,  after  reduction  of  the 
ferric  sulfate,  over  that  actually  added  is  fairly  uniform  in 
Samples  1,  2,  and  3,  ranging  from  294  to  328  p.  p.  m.  Sam- 
ples 4  and  5,  wliich  contained  a  very  large  excess  of  added 
sulfuric  acid,  gave  by  titration  after  reduction  of  the  ferric 
sulfate  only  slightly  more  free  acid  than  was  added.  In 
these  waters  the  very  liigh  concentration  of  free  acid  ap- 
parently prevented  hydrolysis  of  the  iron  and  aluminium 
sulfates  during  the  interval  of  time  between  the  preparation 
of  the  water  and  the  titration  for  acidity,  and  the  excess 
acid  shown  is  probably  largely  due  to  hydrolysis  of  aluminium 
sulfate  during  titration.  The  acid  concentration  of  Samples 
4  and  5  is  considerably  higher  than  that  of  acid  mine  water 
from  bituminous  coal  mines. 

To  determine  the  excess  acidity  due  to  hydrolysis  of  alu- 
minium sulfate,  a  sample  of  the  Calumet  mine  water  was 
analyzed  for  ferrous,  ferric,  and  aluminium  sulfates.  The 
first  two  were  determined  by  titration  with  standard  per- 
manganate as  p^e^dously  described,  and  aluminium  sulfate 
was  determined  by  a  mineral  analysis  of  the  water.  The 
calculated  acidity  due  to  the  sulfates  of  iron  and  aluminium 
was  subtracted  from  the  total  acidity  due  to  sulfates  of  iron 
and  aluminium  plus  free  sulfuric  acid  as  determined  by 
titration  in  the  presence  of  phenolphthalein  as  an  indicator. 
The  difference  was  considered  to  represent  the  true  free 
acidity  of  the  water,  due  to  free  sulfuric  acid. 

Titrations  for  free  acidity  due  to  free  sulfuric  acid  were 
made  on  the  clear  filtered  water  with  and  without  previous 
reduction  of  the  ferric  sulfate  to  ferrous  sulfate.  The  re- 
sults are  given  in  Table  Vll. 


Sulfates  of  iron  and  aluminium,  deter- 
mined by  analysis: 
FeSO< 
Fe!(SO.)s 
Als(SOi)3 

Calculated  acidity    due    to   sulfates  of 
iron  and  aluminium 

Total  acidity,  sulfates  of  iron  and  alu- 
minium plus  free  sulfuric  acid 

DifTerence  acidity  due  to  free  sulfuric 
acid 

Titrated  free  acidity  after  reduction  of 
ferric  sulfate 

Titrated  free  acidity  without  reduction 
of  ferric  sulfate 


Table  VII 

deter- 

P.  p.m. 

Calculated  Acidity  in 

Terms  of  HjSOj 

P.  p.m. 

9 
966 
575 

6 
711 

494 

299 
372 


715 


The  mine  water  had  stood  for  some  time  in  the  laboratory 
after  collection  and  considerable  deposition  of  iron  compounds 
had  occurred.  The  ferrous  iron  had  been  practically  entirely 
oxidized  to  ferric  iron.  ^ 

If  299  p.  p.  m.  be  taken  as  the  true  acidity  duo  to  free  sul- 
furic acid,  the  titration  method  with  previous  reduction  of 
the  ferric  sulfate  gave  results  only  73  p.  p.  m.  too  high,  while 


the  titration  without  previous  reduction  of  the  ferric  sul- 
fate gave  results  416  p.  p.  m.  too  high.  This  indicates  clearly 
that  fairly  satisfactory  results  for  free  acidity  can  be  obtained 
if  the  ferric  sulfate  is  reduced  previous  to  titration.  If  ex- 
treme accuracy  is  desired,  a  correction  can  be  made  for  the 
water  in  question  by  calculating  the  effect  of  the  aluminium 
sulfate  present  and  deducting  tliis  from  the  value  for  free 
acidity  determined  by  reduction  of  the  ferric  sulfate  and 
subsequent  titration.  With  waters  of  unknown  aluminium 
sulfate  content,  the  degree  of  free  acidity  can  best  be  cal- 
culated from  the  total  acidity  determined  by  titration  in 
the  presence  of  phenolphthalein,  and  the  acidity  due  to  sul- 
fates of  iron  and  aluminium,  as  calculated  from  the  analy- 
sis of  the  water.  In  a  series  of  acidity  determinations  on 
the  same  water,  if  the  aluminium  sulfate  content  does  not 
vary  greatly  from  time  to  time,  a  correction  for  the  water  in 
question  could  be  calculated  and  deducted  from  the  titrated 
free  acidity  after  previous  reduction  of  the  ferric  sulfate. 
As  this  method  of  calculation  of  free  sulfuric  acid  in  mine 
water  assumes  that  the  ferrous  and  ferric  iron  determined 
by  titration  are  present  as  normal  sulfates,  it  is  necessary 
to  filter  the  water  to  remove  any  insoluble  suspended  hydr6us 
ferric  oxides. 

DETERMINATION  OP  TOTAL  ACIDITY — The  total  acidity  due 
to  free  mineral  acids  plus  sulfates  of  iron  and  aluminium  can 
be  determined  satisfactorily  by  a  direct  titration  at  a  boil- 
ing temperature  with  standard  alkali  in  the  presence  of  phe- 
nolphthalein as  an  indicator.  The  indicator  shows  an  acid 
reaction  until  the  free  acid  has  been  neutraMzed,  and  sul- 
fates of  iron  and  aluminium  have  been  converted  to  hydrox- 
ides. 

Mine  water  usually  contains  appreciable  amounts  of  cal- 
cium sulfate  in  solution.  A  saturated  solution  of  calcium 
sulfate  in  water  was  titrated  at  a  boiling  temperature  to  a 
faint  pink  with  both  NaOH  and  NajCOs  solutions  with 
phenolphthalein  as  an  indicator;  no  difference  in  results  was 
obtained.  The  amount  of  sodium  hydroxide  or  carbonate 
required  was  the  same  as  with  the /same  quantity  of  dis- 
tilled water. 

Precipitation  of  insoluble  calcium  carbonate  will  occur  if 
a  considerable  excess  of  sodium  carbonate  is  added.  This 
excess,  however,  is  considerably  greater  than  that  necessary 
to  give  a  pink  end-point  after  the  neutralization  of  free  acid 
and  sulfates  of  iron  and  aluminium. 

Probably,  for  all  practical  purposes,  the  determination  of 
total  acidity  due  to  free  mineral  acids  plus  sulfates  of  iron 
and  aluminium  is  of  as  great  importance  as  the  actual  free 
acid  present  in  the  mine  water.  As  the  free  acid  is  neutral- 
ized or  the  water  diluted,  the  sulfates  of  iron  and  aluminium 
will  hydrolyze  and  liberate  more  acid.  These  sulfates  may 
be  considered  as  latent  sources  of  free  acid  and  play  a  very 
important  role  in  the  corrosive  action  of  mine  water. 

Summary 

Direct  titration  of  acid  mine  water  for  free  sulfuric  acid 
with  alkali  solutions  in  the  presence  of  methyl  orange  will 
give  too  high  results,  on  account  of  hydrolysis  of  ferric  and 
aluminium  sulfates.  Reduction  of  ferric  sulfate  previous  to 
titration  gives  more  nearly  correct  free  acid  values.  A  cor- 
rection for  the  hydrolysis  of  the  aluminium  sulfate  can  be 
applied. 
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A  Preliminary  Study  of  the  Activated  Sludge  Process' 

By  John  Arthur  Wilson,  William  R.  Copeland  and  Henry  Mills  Heisig 

Sewerage  Testing  Station,  Milwaukee.  Wisconsin 


In  October  1920,  an  investigation  was  begun  in  this  lab- 
oratory to  determine  the  cause  of  periodic  recurrences  of 
difficuities  in  filter-pressing  sewage  sludge  from  the  activated 
sludge  process.  Our  first  experiments  showed  that  the 
variation  in  rate  of  filtration  with  the  hydrogen-ion  concen- 
tration of  the  sludge  is  so  great  as  to  make  the  control  of 
this  factor  essential  to  the  efficient  operation  of  the  plant. 
In  fact  it  was  found  that  adding  sufficient  sulfuric  acid  to  the 
sludge  to  reduce  its  pH  value  from  8  to  3  generally  reduced 
the  time  required  to  filter  a  given  quantity  by  SO  per  cent. 
The  increase  Ln  efficiency  in  the  big  plant  is  even  greater  be- 
cause the  rapidly  filtering  sludge  leaves  the  filter  bags  in 
the  press  clean  enough  to  be  used  again  without  washing, 
which  is  not  the  case  with  untreated  sludge.  Later  it  was 
found  that  the  use  of  aluminium  sulfate  and  similar  salts  in 
conjunction  \vith  hydrogen-ion  control  gave  rates  of  fil- 
tration about  twice  as  great  as  were  possible  by  change 
of^acidity  alone.  Some  of  these  experiments  have  already 
been  reported  in  earlier  papers. ^'^ 

Careful  studies  of  the  effect  of  hydrogen-ion  concentra- 
tion upon  the  rate  of  filtration  of  sludges  obtained  through- 
out the  year  made  it  e\'ident  that  hydrogen-ion  control,  tre- 
mendously important  in  itself,  is  not  the  only  factor  vital  to 
the  efficient  operation  of  the  plant.  Sludge  obtained  dur- 
ing February,  when  the  temperature  of  the  raw  sewage  was 
12°,  required  eighteen  times  as  long  to  filter  as  sludge  ob- 
tained during  August,  when  the  temperature  had  risen  to 
21°,  even  though  each  sample  was  brought  to  its  optimum 
acidity  before  filtering.  It  became  clear  that  an  entirely 
satisfactory  solution  of  the  filter-pressing  problem  involved 
a  reasonably  complete  investigation  of  the  entire  activated 
sludge  process.  A  search  of  the  literature  revealed  that  very 
little  has  been  accomplished  towards  an  explanation  of  the 
mechanism  of  the  process,  and  we  have  therefore  begun  an  in- 
vestigation with  this  object  in  view.  While  the  work  is  still 
incomplete,  it  has  seemed  desirable  to  take  advantage  of  this 
occasion  to  present  what  has  been  accomplished  in  the  hope 
of  stimulating  other  activities  along  these  lines. 

The  most  trying  period  of  the  year  is  the  first  cjuarter, 
when  the  temperature  of  the  raw  sewage  is  lowest.  But  even 
during  this  period  it  is  possible  to  make  the  purity  of  the 
effluent  discharged  into  the  lake  meet  the  requirements  set, 
although  the  condition  of  the  sludge  for  dewatering  is  then 
very  poor. 

Method  of  Defining  the  Condition  of  Sludge 

An  important  discovery  in  this  investigation  was  the  fact 
that  the  condition  of  a  sludge  can  be  defined  satisfactorily 
by  the  cur\'e  representing  its  rate  of  filtration  under  fixed 
conditions  as  a  function  of  the  hydrogen-ion  concentration. 
In  making  this  determination  in  this  work,  we  first  dilute 
the  sludge  to  contain  1  per  cent  of  solid  matter.  The  filter- 
ing equipment  consists  of  20  Biichner  fumiels  set  in  filter 
flasks  all  connected  with  one  pump  furnishing  a  high  and 
practically  constant  vacuum.  Twenty  portions  of  sludge, 
of  450  cc.  each,  are  treated  with  50  cc.  of  sulfuric  acid  ^lu- 
tions  of  different  concentrations  so  as  to  give  a  range  of 

'  Presented  before  the  Division  of  Water,  Sewage  and  Sanitation 
Chemistry  at  the  62nd  Meeting  of  the  American  Chemical  Society,  New 
York,  N.  Y.,  September  6  to  10,  1921. 

>  "Role  of  Acidity  in  the  Dehydration  of  Sewage  Sludge,"  This  Journal, 
13  (1921),  406. 

'  "Application  of  Colloid  Chemistry  to  the  Filter  Pressing  of  Sewage 
Sludge,"  J.Am.  Water  Works  .Assoc,  8  (1921),  486. 


pH  values  from  2  to  8.  AU  samples  are  thrown  on  the  filters 
at  the  same  time,  the  number  of  minutes  required  for  complete 
filtration  is  noted,  and  the  pH  values  of  the  filtrates  de- 
termined. As  soon  as  any  sample  is  completely  filtered,  its 
flask  is  cut  off  from  the  main  line  so  as  not  to  reduce  the  vacuum 
on  the  others.  The  number  of  minutes  required  for  filtration 
is  plotted  against  the  pH  value  found.  The  curve  is  a 
measure  of  the  condition  of  the  sludge  and  indicates  not  only 
the  efficiency  with  which  it  can  be  filter-pressed,  but  also  the 
rate  at  which  it  is  becoming  septic.  These  curves  wOl  be 
referred  to  hereafter  as  "condition  curves"  of  the  sludge. 

Changes  in  Condition  of  Sludge  during  the  Year 

Kg.  1  shows  condition  curves  of  representative  samples 
of  sludge  taken  during  each  month  of  the  present  year  to 
date.  In  order  to  handle  the 
sludge  of  February,  more  than 
eighteen  times  as  many  filter 
presses  would  be  required  as 
would  be  needed  to  handle  the 
August  sludge,  even  with  the 
most  rigid  hydrogen-ion  con- 
trol. The  lowest  temperature 
of  the  raw  sewage  was  7°  on 
March  8,  and  the  highest  was 
23°  on  July  21  and  22.  Unfor- 
tunately the  curves  cannot  be 
used  as  a  measure  of  the  effect 
of  temperature  alone  on  the 
condition  of  the  sludge  because 
of  changes  in  the  raw  sewage 
brought  about  by  the  indus- 
trial depression.  During  the 
coldest  period,  the  amount  of 
solid  matter  in  the  sewage  was 
unusually  low,  necessitating  a 
longer  time  for  its  collection 
after  the  aeration.  The  condition  of  the  sludge  becomes  worse 
the  longer  it  is  allowed  to  stand  after  aeration,  apparently 
because  of  septic  action. 

Aeration  vs.  Septic  Action 

A  sample  of  July  sludge  was  allowed  to  stand  over  night 
in  a  warm  place.  Next  day  it  was  quite  foul  and  its  condi- 
tion curve  changed  from  that  of  July  sludge  to  that  of  Feb- 
ruary sludge  shown  in  Fig.  1.  Aerating  this  septic  sludge 
for  2.5  hrs.  brought  its  condition  curve  almost  to  that  of  May 
sludge,  whereas  5  hrs.  of  aerating  brought  it  almost  to  that  of 
June  sludge.  Further  experiment  showed  that  the  curves 
in  Fig.  1  are  all  obtainable  with  any  sludge;  the  lower  curves 
can  be  raised  by  allowing  the  sludge  to  stand,  while  the  higher 
curves  can  be  lowered  by  aerating  the  sludge  sufficiently 
long,  the  change  apparently  being  reversible.  This  fact  offers 
a  solution  of  the  filter-pressing  problem  during  cold  weather. 
While  the  cost  of  heating  85  million  gallons  of  raw  sewage 
daily  during  the  cold  weather  would  be  prohibitive,  it  is 
apparently  quite  feasible  to  heat  the  sludge  obtained  from  this 
amoimt  of  sewage  and  re-aerate  it.  It  is  conceivable  that 
this  will  make  for  uniform  pressing  conditions  all  year  round, 
which  would  be  of  enormous  value,  as  the  curves  in  Fig.  1 
indicate. 

The  effect  of  hydrogen-ion  concentration  upon  the  septic 
action  is. shown  in  Fig.  2.     A  sludge  already  in  verj'  poor  con- 
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Fig.  1 
Showing  how    the    condition 
of  the  sludge  from  the  activated 
sludge  process  varied  from  Jan- 
uary to  August  1921 
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dition  was  used  and  condition  curvos  were  obtained  with 
only  100-cc.  portions  of  the  sludge  because  of  its  poor  con- 
dition.    A  second  series  was  treatetl  with  acid,  but  was  kept 

24  hrs.  before  filtering.  It  will 
be  noted  that  the  septic  ac- 
tion proceeds  at  the  greatest 
rate  at  a  pH  value  between  5 
and  6.  This  action  proceeds 
slowly  at  temperatures  un- 
der 20°,  but  very  rapidly  at 
higher  temperatures,  and  the 
rate  is  an  accelerated  one. 

The  effect  of  hydrogen-ion 
concentration  upon  aeration 
has  not  yet  been  intensively 
studied.  A  single  experiment 
made  upon  the  re-aeration  of 
sludge  showed  practically  the 
same  result  whether  the  pH 
value  of  the  sludge  was  8  or  3. 
Further  work  will  soon  be  under  way. 

In  order  to  study  the  effect  of  temperature  upon  the  re-aera- 
tion of  sludge,  three  stoneware  cylinders  were  equipped  as 
aerating  tanks.  In  the  bottom  of  each  was  placed  a  Filtros 
plate  having  an  area  of  1  sq.  ft.  through  which  air  could  be 


3    4     6     6     7 
pH  7B1U9  of  Filtrate 

Fig.  2 
Showing  how  septic   action  is 
dependent     upon    hydrogen-ion 
concentration.     A    more    septic 
sludge  filters  more  slowly 


whether  these  are  essential  to  bring  the  sludge  into  good  con- 
dition for  pressing  is  not  yet  clear.  In  Fig.  4,  Curve  I  rep- 
resents a  good  August  sludge  and  Curve  II  shows  the  same 
sludge  after  standing  over  night.  This  sludge  was  then  put 
into  the  cylinders  at  a  temperature  at  20°.  The  cylinders 
were  covered  to  prevent  the  entrance  of  air  as  much  as  pos- 
sible and  the  samples  were  aerated  for  4  hrs.,  the  first  with 
hydrogen,  the  second  mth  oxygen,  and  the  third  with  air. 
Hydrogen  made  the  sludge  worse,  while  oxygen  and  air  im- 
proved it  to  an  equal  degree  and  brought  it  back  almost  to 
its  condition  before  standing  over  night. 

The  above  experiment  was  repeated  except  for  covering 
each  sludge  during  aeration  with  a  layer  of  xylene.  The 
presence  of  the  xylene  entirely  altered  the  results;  all  gases 
now  made  the  condition  of  the  sludge  worse.  Fig.  5  shows 
that  hydrogen  and  oxygen  now  behave  exactly  alike,  while 
air  does  not  do  so  much  harm. 

Discussion 

Sufficient  data  are  not  yet  available  to  form  a  sound 
theory  of  the  mechanism  of  the  activated  sludge  process,  but 
speculation  is  desirable  at  this  stage  as  a  guide  in  outlining 
further  experiments.  It  is  generally  conceded  that  putre- 
faction is  usually  due  to  bacteria  or  enzymes,  both  of  which  are 
present  in  the  sludge.     Whether  or  not  bacteria  and  enzymes 
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Fig.  3  Fig.  4  Fio.  5  Fig.  6 

Showing  the  effect  of  temperature  upon  the  efficiency  of  re-aerating  sludge.     I — Fresh  sludge.     II — Same  after  standing  45  hrs.     III- 

Sarae  as  II,  but  after  aerating  5  hrs,  at  34° 


V- 


Fig.  3  _ 

after    aerating  5   hrs    at  H°.      IV — Same  as  II,  but  after  aerating  5  hrs  at  2: 
Fig.  4 — Showing  effect  of  the  nature  of  the  gas  upon  the  efficiency  of  re-aerating  sludge.     I — Fresh  sludge 

Same  after  aerating  4  hrs.  with  hydrogen.     IV — Same  as  II  after  aerating  4  hrs.  with  oxygen.     V 
Fig.  5 — Same  as  Fig.  4  except  that  the  sludge  was  covered  with  xylene  during  aeration 
Fig.  6 — Showing  the  effect  of  aluminium  sulfate  upon  the  condition  of  sludge 


II — Same  after  standing  over  night.     III- 
-Same  as  II  after  aerating  4  hrs.  with  air 


forced.  Each  cylinder  had  a  diameter  of  15  in.  For  each 
experiment  66  gal.  of  sludge  containing  1  per  cent  of  solid 
matter  were  used  and  air  was  forced  through  at  the  rate  of 
0.45  cu.  ft.  per  min.  Each  cylinder  was  surrounded  by  a  cool- 
ing or  warming  jacket  and  the  temperature  was  maintained 
by  means  of  water  warmed  with  steam  or  cooled  with  ice. 

A  set  of  experiments  is  shown  in  Fig.  3.  Curve  I  repre- 
sents a  sample  of  August  sludge  in  excellent  condition; 
Curve  II  this  same  sludge  after  standing  for  45  hrs.  at  20°. 
Portions  of  the  sludge  after  standing  were  i)ut  into  the  3 
cylinders.  The  temperature  of  the  first  was  nuiintained  at 
11°,  the  second  22°,  and  the  third  34°.  Each  was  aerated 
for  5  hrs.  Apparently  there  is  an  oi)titnuin  temperature  of 
aeration  lying  between  11°  and  34°,  since  better  results 
were  obtained  at  22°.  The  experiment  was  repeated  with 
the  same  result.  The  work  will  soon  be  extended  to  other 
temperatures  and  to  sludges  in  a  more  septic  condition. 
August  sludge  does  not  bcconu;  septic  rapidly  at  20°. 

The  same  cylinders  were  used  to  study  tlu;  effect  of  (he 
nature  of  the  gas  employed.  During  ordinary  aeration, 
oxidation    and   nitrification   of   tlie   sludge   take   place   but 


are  essential  to  the  aeration  process  is  not  so  clear.  The 
question  may  be  asked:  Is  the  action  aeration  vs.  putrefac- 
tion really  a  conflict  between  certain  aerobic  and  anaerobic 
bacteria?  The  fact  that  the  aeration  action  is  more  effective 
at  22°  than  at  34°  makes  it  doubtful  that  ordinary  enzymes 
are  responsible,  as  these  operate  more  effectively  as  the  tem- 
perature is  raised  to  40°.  This  would  also  be  borne  out  by 
the  fact  that  aeration  in  one  test  was  as  effective  at  a  pH 
value  of  3  as  at  8.  On  the  other  hand,  tiie  action  is  not  men^ly 
mechanical,  since  hydrogen  makes  the  sludge  worse,  whereas 
oxygen  or  air  makes  it  l)ettcr.  Hut  the  presence  of  xylene 
renders  tlie  oxygen  of  no  more  value  than  the  hydrogen.  Is 
the  action  of  the  xylene  to  retard  the  action  of  aerobic  bac- 
teria or  does  it  prevent  some  chemical  action  by  becoming 
adsorbed  by  the  surface  of  the  sludge?  Mechanical  ac- 
tion alone,  if  sufficiently  vigorous,  will  make  the  condition 
of  the  sludge  wor.se.  This  constitutes  a  .serious  difficulty 
in  attempting  to  use  the  centrifuge  for  dewatcring  shulge. 

Wliatexer  may  be  the  initial  cause  of  the  aeration  action, 
the  ultimate  cliMiige  ap|)ears  to  be  chemical.  Good  flocks 
were  obtained  by  adding  aluminium  sulfate  or  sodium  phos- 


130 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  2 


phate  to  the  raw  sewage,  but  not  by  adding  sulfuric  acid  or 
lime.  The  cost  of  such  treatment,  however,  was  found  to  be 
much  greater  than  aeration,  with  results  not  as  good.  The 
addition  of  aluminium  sulfate  to  sludge  lowers  its  condition 
curve,  but  at  the  same  time  changes  its  point  of  optimum 
hydrogen-ion  concentration  to  a  point  between  the  isoelectric 
point  of  alumina  and  that  of  the  sludge  before  adding  alumin- 
ium sulfate.    This  is  shown  in  Fig.  6.    Re-aeration  of  sludge 


lowers  its  condition  curve,  but  not  its  point  of  optimum  hy- 
drogen-ion concentration.  AU  curves  in  Fig.  1  have  points 
of  minimum  at  about  3.2.  Does  this  suggest  that  the  funda- 
mental action  of  aeration  is  different  from  that  of  the  alumin- 
ium sulfate?  It  is  hoped  that  the  line  of  experimenting  re- 
cently begun  may  lead  to  a  practically  complete  solution  of 
this  complex  problem,  at  least  so  far  as  the  most  efficient 
chemical  control  of  the  plant  is  concerned. 


The  Chemical  Constituents  of  Skin' 

By  F.  L.  Seymour-Jones 

Leather  Industries  Department,  UNivERSiTy  of  Leeds,  Leeds,  England 


It  is  the  object  of  this  paper  to  present  very  briefly  a 
survey  of  the  chemical  constituents  of  skin,  regarded,  as 
far  as  may  be  possible,  as  chemical  individuals.  In  recent 
years  two  general  papers  on  skin  chemistry  have  appeared, 
one,  written  about  1910  but  published  posthumously,  by 
R.  A.  Seymour-Jones,''*  and  the  other,  published  in  1920, 
by  G.  L.  Terrasse.-  These  summarize  the  work  on  the  sub- 
ject, but  deal  more  particularly  with  the  stnicture  of  the 
hide  proteins  and  the  conception  of  amino  acids  as  "Bau- 
steine"  in  protein  composition.  It  is  proposed  in  the  present 
paper  to  deal  with  matters  unconsidered  in  the  above  papers, 
or  from  viewpoints  which  have  arisen  since  their  compila- 
tion. 

Work  on  the  Swelling  of  Gelatin 

The  work  of  Procter'  and  his  collaborators  on  the  acid 
swelling  of  gelatin  has  proved  of  fundamental  importance 
in  dealing  with  proteins  in  general.  This  has  resulted  in 
the  deduction  of  mathematical  formulas  by  which  the  dis- 
tribution of  ions  in  the  gelatin  (or  other  protein)  and  in  the 
external  solution  can,  under  given  conditions,  be  calculated. 
In  place  of  a  series  of  obscure  phenomena,  necessitating  in- 
dividual measurements  for  each  case,  we  now  have  a  definite 
stoichiometrical  relationship  based  on  apphcations  of  osmotic 
equilibria  and  Donnan's  theory  of  membrane  equiUbria. 

This  theory  of  gelatin  swelling  depends,  however,  on  a 
definite  conception  of  the  molecular  structure  of  gelatin. 
Procter  regards  gelatin  jeUies  and  solutions  as  composed  of 
a  network  of  molecular  dimensions.'  Tliis  permits  the  de- 
velopment of  osmotic  effects,  while  ions  -nithin  the  jelly 
remain  wthin  the  range  of  molecular  attractions.  In  a 
protein  jelly  the  term  "molecular"  may,  however,  cover  a 
relatively  large  space.  Butschli  has  formulated  a  theory 
in  which  the  jelly  is  presumed  to  have  a  network  of  micro- 
scopic dimensions,  while  Quincke  considers  a  jelly  to  be  of 
two  phases,  a  colloid-poor  and  a  colloid-rich  phase,  the  one 
dispersed  in  droplets  throughout  the  other.  This  last  \'iew 
has  met  with  considerable  support,  but,  on  the  whole,  the 
evidence  favors  Procter's  \'iew. 

WoHK  on  Isoelectric  Point  of  Proteins 

Arising  from  the  work  on  gelatin  swelling,  most  important 
results  have  been  obtained  in  the  researches  of  Jacques  Loeb,'' 
who  has  clearly  shown  the  importance  of  taking  into  account 
the  isoelectric  point  of  proteins  and  the  hydrion  concentra- 
tion of  solutions  employed.  The  isoelectric  point  (I.  E.  P.) 
has  been  shown  to  be,  for  proteins  in  general,  coincident  with 
the  points  of  minimum  swelling,  conductivity,  osmotic  pres- 

1  Presented  before  the  Division  of  Leather  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 

*  Numbers  in  the  text  refer  to  Bibliography. 


sure,  viscosity,  and  solubUity.  For  gelatin, *  determina- 
tions vary  from  pH  4.5-4.7,  and  the  value  may  be  taken  as 
about  4.6.  No  figures  have  been  published  yet  for  skin  pro- 
teins in  general,  but  work  at  Leeds  University  on  liide  pow- 
der gives  the  figure  4.8  for  collagen. 

The  importance  of  this  figure  Ues  in  the  fact  that  pro- 
teins in  general  are  amphoteric.  Loeb  has  shown  for  gelatin, 
and  the  same  probably  appUes  to  hide  proteins  in  general,, 
that  at  a  pH  greater  than  its  isoelectric  point  it  functions- 
only  as  an  acid,  and  at  a  less  pH  only  as  a  base.  Thus, 
when  gelatin  was  treated  with  silver  nitrate  and  subsequently 
washed  to  remove  excess  of  the  salt  at  pH  3.6  to  4.7,  no  silver 
combined  with  the  gelatin,  whereas  above  4.7  silver  combined 
with  the  gelatin.  Below  4.7  gelatin  nitrate  exists  and  above- 
4.7  silver  gelatinate. 

As  a  practical  example,  consider  the  disinfection  of  raw 
hides  with  formic  acid  and  mercuric  chloride.  Under  the- 
conditions  specified  by  the  process,  the  pH  is  such  that  no- 
mercury  can  combine  with  the  hide  substance.  Conse- 
quently if  the  hides  are  washed  prior  to  liming  (or  other 
alkaline  treatment)  all  the  mercury  is  removed.  If  the 
mercury  ion  is  not  so  removed,  it  will  be  fixed  in  the  Hmes, 
and  black  stains  will  occur  in  subsequent  processes. 

Using  equivalent  solutions  of  bases,  Loeb  found  that  all 
monacid  bases  gave  a  swelling,  viscosity,  and  osmotic 
pressure  practically  identical,  but  considerably  greater  than 
di-acid  bases.  The  same  appUes  to  acids;  all  functioning 
as  monobasic  acids  gave  practically  identical  curves,  while 
dibasic  acids  (e.  g.,  sulfuric,  and  to  a  lesser  extent  oxalic)  gave 
cur\-es  of  diminished  swelling,  etc.  This  identity,  however, 
apphes  only  when  plotting  pH  against  the  property  measured; 
that  is,  the  amount  of  acid  present  may  vary  considerably, 
but,  provided  the  pH's  be  identical,  all  monobasic  acids 
■nill  swell  the  protein  to  the  same  extent. 

In  this  fact  lies  the  explanation  of  the  mystery  of  the 
"Hofmeister"  or  "lyotrope"  series,  a  curious  sequence  of 
ions  arranged  in  the  order  in  which  they  affect  the  properties 
of  colloids.  In  the  compilation  of  this  series,  the  factor  • 
of  hydrion  concentration  was  neglected.  Pro\dded  all  ex- 
cess of  the  reacting  salt  is  removed,  the  various  properties 
of  proteins,  such  as  swelUng,  \'iscosity,  osmotic  pressure, 
etc.,  are  in  reaUty  functions  of  the  hydrion  concentration. 

All  this  is  of  great  importance  in  considering  the  efTect  of  ' 
any  reagent  on  the  hide  proteins.  To  take  a  case  in  point : 
It  wll  ha^•e  been  noticed  that  the  isoelectric  point  for  gelatin, 
and  presumably  for  collagen,  lies  decidedly  on  the  acid  side 
of  the  point  of  true  neutrality.  The  actual  curve  for  gelatin, 
where  swelling  is  plotted  against  pH,  shows  a  fairly  sharp  rise 
to  a  maximum  at  about  2.4,  a  fall  to  a  minimum  at  4.6,  and  a 
slow  gradual  rise  to  a  maximum  at  about  12.     If  a  liide  is 

t  Michaelis,  4.7;    D.  Jordan  Lloyd,  4.6;    Loeb,  4.7;    M.  H.  Fischer,  4.5.  . 
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in  a  liquor  of  j)H  2,  for  example,*  decreasing  the  acidity  will 
increase  the  swelling  until  a  pH  of  2.4  is  reached,  then  will 
decrease  the  swelling  to  a  pH  of  4.G.  Similarly,  for  a  hide 
in  liquor  of  pll  6,  increasing  acidity  will  decrease  the  swelling 
until  a  jiH  of  4.6  is  reached.  And  all  this  is  on  the  acid 
side  of  the  neutral  point.  The  inijiortance  of  the  swelling 
curve  in  relation  to  pH  is  then  obvious  in  tan  liquors,  the 
manufacture  of  synthetic  tannins,  and  the  like. 

Constituents  of  Hide 

The  individual  constituents  of  hide  may  be  divided  into 
proteins,  fats,  and  mineral  salts. 

The  mineral  salts  consist  of  phosphates  and  aluminates  in 
very  small  quantity  associated  with  keratin  in  the  epidermis 
and  of  small  quantities  of  various  mineral  substances,  chiefly 
sodium  and  potassium  chlorides,  calcium  and  magnesium 
phosphates,  in  the  blood.  In  the  latter  also  occurs  hematin, 
a  highly  complex  organic  iron  salt.  Generally  speaking, 
the  mineral  constituents  of  skin  are  negligible. 

The  proteins  are  mainly  scleroproteins  or  albuminoids 
(i.  e.,  miscellaneous  proteins  not  allotted  to  any  group), 
but  also  include  some  albumins  and  globulins. 

COLLAGEN — Of  the  proteins,  the  most  important  to  the 
tanner  is  collagen,  which  forms  the  constituent  of  the  white 
fibers  of  the  corium.  It  contains  carbon,  hydrogen,  nitrogen, 
oxygen,  and  perhaps  a  little  suKur.  Analyses  vary  slightly, 
indicating  that  conceivably  there  may  be  more  than  one 
collagen,  but  the  difficulty  of  obtaining  a  pure  product  prob- 
ably explains  the  variations. 

In  fresh  hide  the  white  collagenous  fibers  are  somewhat 
swollen  and  hydrated.  The  normal  method  of  purification, 
which  is  used  in  practice,  consists  in  washing,  liming,  unhair- 
ing,  deliming,  bating,  and  scudding,  thus  removing  keratins, 
mucins,  and  elastins.    Such  a  collagen  is  hide  powder. 

As  to  structure,  it  has  been  argued  that  collagen  has  a 
ring  formation,  since  trypsin  will  not  act  on  it  unless  it  be 
previously  swollen  with  acid  or  alkali,  or  treated  with  pep- 
sin. On  the  other  hand,  many  synthetic  polypeptides  cannot 
be  hydrolyzed  by  trypsin,  but  still  possess  an  open  chain 
structure. 

From  the  fact  that  boiling  collagen  with  water  hydrolyzes 
it  to  gelatin,  and  from  the  general  similarity  between  the 
two,  it  is  commonly  supposed  that  collagen  is  an  anhydride  of 
gelatin.'  Furthermore,  gelatin  heated  above  100°  is  grad- 
ually converted  into  an  insoluble  substance  which,  apart  from 
its  lack  of  fibrous  structure,  closely  resembles  collagen.  Since 
it  is  impossible  to  obtain  gelatin  again  from  this  by  mere 
boiling,*  this  argument  is  of  doubtful  value.  It  is  known 
that  hide  dried  at  60°  for  some  hours  cannot  be  softened 
back,  and  this  is  similar  to  the  effect  of  heat  on  gelatin. 
Merely  as  a  suggestion,  this  hardening  on  heating  may  be 
similar  in  origin  to  the  coagulation  of  egg  albumen.  Analy- 
sis does  not  help  in  determining  the  question;  the  similarity 
in  the  figures  is  great.  Collagen  has  a  slightly  higher  carbon 
content  than  gelatin,  but  is  lower  in  nitrogen,  the  differences 
being  too  small  for  definite  conclusions.  On  the  other  hand, 
collagen  gives  positive  Millon  and  xanthoproteic  tests, 
indicating  the  presence  of  tyrosine  and  phenylalanine,  tests 
which  are  negative  or  only  very  slightly  positive  with  gelatin. 

Collagen  forms  salts,  just  as  gelatin  does,  and  we  may  have, 
for  instance,  collagen  chloride  ;ind  lime  collagenate,  depending 
on  the  pH's  of  the  solutions  cmiiloyed.  There  can  be  but 
little  doubt  that  collagen  is  appreciably  changed  during  the 
earlier  jirocesses  of  leather  manufacture,  and  hence  the  collagen 
of  fn^sh  and  delimcd  hide  is  not  necessarily  identical.  The 
slow  hydrolysis  of  collagen,  by  alkalies  or  acids,  has  not  been 
studied. 

The  formation  of  salts  by  collagen  is  of  importance  in  the 
theory  of  tanning.    There  is  now  no  reason  for  doubting  the 


formation  of  collagen  tannates,  collagen  chromates,  or 
chromium  coUagenates,  as  the  case  may  be.  But  this  is  not 
to  say  that  one  single  theory  will  explain  every  type  of  tan- 
nage. So  many  substances  can  be  used  to  tan  leather  that 
no  one  explanation  can  at  present  cover  all.  Further,  Shorter' 
found  that  the  electrical  reactions  of  skin  varied  according 
to  tannage.  With  raw  hide  and  wool  rubbed  together,  the 
hide  had  a  negative  and  the  wool  a  positive  charge;  the  same 
applied  to  oil  leather  and  wool,  but  with  vegetable  tanned 
leather  and  wool,  the  wool  had  a  negative  and  the  leather  a 
positive  charge. 

ELASTiN — The  most  stable  protein  of  hide  is  elastin, 
found  in  the  yellow  elastic  fibers.  It  also  occurs  in  many 
tendons  of  the  body,  including  the  ligamentum  nuchae,  the 
tendon  at  the  back  of  the  ox's  head,  and  it  is  the  elastin  from 
these  sources  rather  than  that  of  the  skin  which  has  been 
most  studied.  It  has  extraordinary  elastic  properties. 
The  writer  found  that  a  piece  of  ligamentum  nuchae  of  about 
1  cm.  square  section  gave  on  a  testing  machine  an  extension 
of  150  per  cent  before  breaking,  the  strain  being  too  small 
to  measure  (i.  e.,  less  than  5  lbs.).  Elastin  is  not  completely 
dissolved  on  boiling  with  water,  is  scarcely  attacked  by  acetic 
acid  or  cold  or  hot  1  per  cent  alkali,  and  apparently  does 
not  combine  with  tannin  or  chrome.  The  WTiter  found  that 
ligamentum  nuchae  is,  however,  slowly  digested  by  lime  solu- 
tions, though  this  may  be  due  to  bacteria.  It  is  very  slightly 
attacked  by  pepsin,  but  more  readily  by  trypsin,  especially 
if  previously  boiled,  or  treated  with  acids  or  alcohol.  The 
pre\'ious  treatment  of  pelts  with  alkaline  solutions  may  affect 
the  elastin  so  as  to  render  it  less  resistant  to  trypsin.  It 
can  be  separated  from  hide  by  merely  boiling  after  unhairing, 
the  scutch  remaining  consisting  of  elastin,  possibly  somewhat 
changed  in  process. 

KERATIN — Keratins  occur  in  the  epidermis,  hair,  hair 
sheaths,  walls  of  sudoriferous  and  sebaceous  glands,  and  cell 
walls  in  the  blood.  Usually  they  are  classed  as  "old"  or 
"young"  keratin,  the  latter  forming  the  basal  layers  of  the 
epidermis.  The  chief  difference  is  that  young  keratin  is 
more  easily  hydrolyzed  than  is  old  keratin  by  the  action  of 
proteoclastic  enzymes  (e.  g.,  trypsin  and  pepsin)  or  dilute 
alkali.  Both  are  insoluble  in  water,  except  on  boiling  under 
pressure;  they  are  hydrolj'zed  by  concentrated  alkali  or 
sodium  sulfide  solutions.  Since  dilute  acids  may  be  used  to 
unhair,*  possibly  young  keratin  is  soluble  therein. 

MUCIN — Mucins  occur  in  the  so-called  "coriin"  or  cement- 
ing substance.  Procter  regards  this  as  some  substance 
"nearly  identical  with,  but  somewhat  more  soluble  than  that 
of  the  fibrils  themselves."'  It  is  easily  soluble  in  dilute  acid 
or  alkali.  Van  Lier^°  found  it  was  rather  a  mucoid,  and  was 
usually  contaminated  with  nucleoproteins.  By  repeated 
extraction  of  pelt  with  half  saturated  lime  water,  he  found  no 
more  could  be  obtained  and  therefore  claimed  that  it  is  not 
a  hydrolytic  decomposition  product  of  collagen.  It  is 
precipitated  by  .'j  per  cent  acetic  acid,  but  is  soluble  in  ex- 
cess; the  |)recii)itate  consists  of  a  mass  of  stringy  fibers. 
It  is  soluble  in  1  to  2  per  cent  hydrocliloric  acid,  and,  on 
boiling  some  time,  reduces  Fehling  solution.  Ox,  horse, 
and  calf  mucoid  appear  identical,  but  they  differ  from  mu- 
coid obtained  from  tendons.  Eitner"  states  that  it  is  ren- 
dered less  soluble  on  drying  at  a  high  temperature.  Long 
liming  will  obviously  open  up  the  fibers  by  dissolving  the 
coriin. 

The  l)lood  and  lymph  in  skin  are  responsible  for  the  pres- 
ence of  serum-albumin  and  globulin,  fibrin,  and  keratins  of 
the  cell  walls.  Albumin  combines  with  tiiimin,  but  is  usually 
removed  by  soaking  and  liming. 

KATS — The  fats  of  the  fat  cells  consist  chiefly  of  lecithins 
and  cholesterols,  i.  c.,  mixed  triglycerides,  in  which  a  com- 
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plex  phosphoric  acid-choline  radical  replaces  one  hydroxyl, 
and  alcohols.  In  certain  sebaceous  glands  cetyl  and  octodecyl 
alcohols  have  been  reported.  Unfortunately  our  knowledge 
of  the  skin  fats  is  still  very  limited,  and  other  bodies  may  also 
be  present  in  the  fat  cells. 

Much  yet  remains  to  be  done  before  the  chemistry  of 
skin  can  be  considered  to  be  thorougUy  understood,  but 
though  progress  has  been  slow  in  the  past,  each  forward 
step  materially  widens  the  path  for  those  who  follow.  In 
any  case,  it  is  only  through  a  sounder  knowledge  of  the  basic 
raw  material  that  the  art  and  science  of  leather  manufacture 
can  hope  to  make  progress. 
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Influence  of  Sodium  Chloride,  Sodium  Sulfate,  and  Sucrose  on  the  Combina- 
tion of  Chromic  Ion  with  Hide  Substance  " 


By  Arthur  W.  Thomas'  and  Stuart  B.  Foster 

Columbia  University,  New  Yore,  N.  Y. 


Continuation  of  the  authors'  work  offers  evidence  that 
the  retarding  action  of  neutral  salts  in  chrome  tanning  is  due 
to  the  formation  of  addition  compounds,  with  hydration  as  a 
secondary  cause. 

The  significance  of  the  presence  of  neutral  salts  in  chrome 
liquors  was  first  shown  by  Wilson  and  Kern,*'  and  several 
studies  of  their  effects  have  been  published  from  this  labo- 
ratory.* Recently  Wilson  and  Kern«  made  a  further  investi- 
gation of  the  question  and  suggested  as  an  hypothesis  that 
the  retarding  action  on  the  chrome  tanning  might  be  due  to 
hydration  by  the  added  salt,  resulting  in  an  actual  increase 
in  the  concentration  of  chromic  ion.  Since  Miss  Baldmn' 
had  found  that  increase  in  concentration  of  a  chrome  liquor 
over  16  g.  CrjOs  per  liter  resulted  in  a  diminution  of  the 
amount  of  chromium  fi.xed  by  hide  substance,  this  hypothesis 
appeared  reasonable. 

If  hydration  did  take  place,  the  concentration  of  hydrogen 
ion  should  be  increased  as  well  as  that  of  the  chrome.  That 
this  was  actually  the  case  wth  clilorides  was  shomi  by 
Thomas  and  Baldwin,'  but  at  the  same  time  they  demon- 
strated that  sulfates  lower  the  hydrogen-ion  concentration 
of  acid  solutions,  as  measm-ed  by  the  hydrogen  electrode. 
Since  Wilson  and  Kern  found  that  sodium  sulfate  decreased 
the  fixation  of  chrome,  just  as  sodium  chloride  and  other 
chlorides  did,  they  were  obhged  to  admit  another  possible 
factor,  namely,  the  formation  of  addition  compounds  between 
the  chromium  salt  and  added  sulfate  as  well  as  between  the 
acid  present  and  added  sulfate. 

With  the  view  of  approaching  a  solution  of  this  question 
the  follo\\nng  experiments  were  carried  out.  In  addition 
to  sodium  chloride  and  sulfate,  the  former  raising  the  Ch  *  and 
the  latter  lowering  it,  sucrose  was  selected  as  a  hydrating 

'  Presented  before  the  Section  of  Leather  Chemistry  at  the  62nd  Meet- 
ing of  the  American  Chemical  Society,  New  York.  N.  Y.,  September  6  to  10, 

1921. 

>  Published  as  Contribution  No.  381  from  the  Chemical  Laboratories  of 

Columbia  University. 

!  Assistant  Professor. 

<  J.  Am.  Leather  Chem.  Assoc.  12  (1917),  445. 

ilbid..\3  (191S),248;14(1919),  10;  J.  .4m.  CAfm.  Soc,  41  (1919).  1981. 

«  J.  Am.  Leather  Chem.  Assoc,  16  (1920),  273. 

Ubid..  14  (1919).  433. 

»  J.  Am.  Chem.  Soc,  41  (1919),  1981. 


nonelectrolyte  since  H.  C.  Jones' has  shown  that  it  hydrates 
considerably  in  aqueous  solution.  Inasmuch  as  Thomas  and 
Kelly'"  had  showTi  that  in  a  period  of  48  hrs.'  contact  the 
maximum  combination  of  chrome  vdth  hide  substance  was 
effected  by  a  chrome  liquor  containing  15.5  g.  CrjOs  per  liter, 
three  sets  of  liquors  were  selected,  one  containing  15.5  g. 
CrjOs  per  liter,  and  two  others  3  g.  and  100  g.  Cr203  per  liter. 

Materials  and  Technic 

1920  and  1921  American  Standard  Hide  Powder  served  as 
the  source  of  hide  substance.  The  chrome  liquors  were 
prepared  by  dilution  of  pure  concentrated  liquors  made  by 
reduction  of  chemically  pure  sodium  dichromate  with  sul- 
furous  acid,  as  described  by  Thomas  and  KeUj\'' 

Portions  of  hide  powder  equal  to  5  g.  of  absolutely  dry  sub- 
stance were  covered  with  50  cc.  of  distilled  water  in  bottles, 
and  allowed  to  stand  over  night,  when  the  salts  or  sugar  to  give 
the  desired  concentrations  were  added.  Finally  150  cc.  of 
chrome  liciuor  were  added,  of  such  a  concentration  that  if  it 
were  diluted  to  200  cc,  it  would  contain  3,  15.5  or  100  g. 
Cr203  per  liter.  The  mixtures  were  rotated  in  a  tumbling 
machine  for  48  hrs.,  filtered  through  muslin  bags,  and  washed 
well  wth  tap  water  and  three  times  with  200-cc.  portions  of 
distilled  water.  The  powder  was  air-dried  at  30°  C,  then 
at  100°  C,  and  finally  allowed  to  come  to  equilibrium  with 
atmospheric  humidity.  Moisture,  nitrogen,  and  chromium 
were  determined.  Multiplication  of  the  per  cent  nitrogen 
by  5.614  gave  per  cent  hide  substance.  All  figures  in  the- 
tables  are  on  the  moisture-free  basis. 

Table  I  (Liquor  Contained  3  G.  CrjOj  per  Liter) 


Concentration  of  Salt 

Mg.CrjOa 

M 

Protein 

Cr.Os 

per  G. 

(NaCl) 

Per  cent 

Per  cent 

Hide  Substance 

0 

83.75 

4.44 

53 

0.5 

88.01 

3.62 

41 

1 

90.03 

3.16 

35 

2 

90.37 

3.45 

38 

3 

88.05 

3.75 

43 

4 

87.58 

4.19 

48 

(Na.SO.) 

0.5 

90.71 

4.35 

48 

1 

91.27 

3.19 

35 

2 

93.12 

2.13 

23 

3 

91.82 

2.11 

23 

•  Carnegie  Inst.  Publ..  60  (1907). 

10  This  Joitrnal,  13  (1921),  31. 

11  J.  Am.  Leather  Chem.  Assoc.  16  (1920),  665. 
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Measurements  of  the  liydrogen-ion  concentration  of  the 
liquors  belonging  to  Table  II  verified  the  contrasting  effects 
of  sodium  chloride  and  of  sodium  sulfate  previously  reported 
from  this  laboratory. 


•  =3  Gram5  Cr^Oj  per  Liter 


CONCENTRATION  Oi^  iOPrO    SUBST/'NCe 
Fig.    1 


Tabue  II     (15.5  G.  Cr20a  per  Liter) 


Concentration  of  Salt 

M  Protein 

(NaCI)  Per  cent 

0  77.92 
0.5  79.18 

1  81.27 

2  82.86 

3  84.38 

4  83.93 
(NasS04) 

0.5  81.07 

1  84 . 32 

2  83.48 

3  85.44 


CrsOs 
Per  cent 
9.01 
7.59 
5.93 
5.26 
5.90 
5.85 


6.58 
5,29 
5.76 
4.36 


Mg.  CrjOs 

per  G. 

Hide  Substance 

116 

96 

73 

63 

70 

70 

81 
63 
69 
51 


Table  III     (100  G,  CnOj  per  Liter) 

Concentration  of  Salt  Mg.  Cr203 

M  Protein  CraOa  per  G. 

(NaCl)  Per  cent  Per  cent  Hide  Substance 

0  75.57  7.70  101 
0.5  80.78  6.17  76 

1  82.13  6.15  75 

2  82.42  6.35  77 

3  81.23  6.35  79 

4  79.10  6.77  86 
(NaiSO.) 

0.5  80.17  6.62  83 

1  81.07  6.01  74 

2  77.42  6.11  79 

3  78.08  6.87  88 

The  results  are  plotted  in  Fig.  1.  The  curves  representing 
the  effect  of  sodium  chloride  all  proceed  to  a  minimum  and 
show  an  upward  trend  similar  to  the  results  Wilson  and  Kern 
found  with  magnesium  cliloride.  In  all  cases  sodium  sulfate 
shows  greater  inhibiting  action  tlian  sodium  chloride,  and 
a  minimum  with  upward  slope  is  obtained  only  where  the 
liquor  is  very  concentrated.  Contrasted  to  the  effect  of 
the  electrolytes,  we  find  that  sucrose  apparently  has  no  effect 
except  at  4  M  concentration. 

Table  IV     (15.5  G.  CriOa  per  Liter) 


Concentration  of 

Mg.  Cr203 

Sucrose 

Protein 

(. 

rjOj 

per  G. 

M 

Per 

cen 

Per 

cent 

Hide  Substance 

0 

77 

47 

8 

92 

115 

1 

74 

7fi 

8 

.')« 

115 

2 

74 

72 

8 

.'iH 

115 

3 

74 

S3 

S 

m 

115 

4 

76 

74' 

8 

13 

106 

This  sample  appeared  to  be 

scorched 

in 

spots 

after  drying  at  1 

Table  V     (Liquors  Contained  1 

').5 

G.  CrjOj  PER  Liter) 

Concentration  of  Salt 

Log  C„  +  of 

Log  C,i  +  of 

M 

Original  Liquor 

Filtrate 

0 

-2,78 

-2.90 

1 

-2..')4 

-2.07 

2 

-2.39 

-2.43 

3 

-2.20 

-2.33 

4 

-2.10 

-2.20 

(NaiSO.) 

0 

-2.80 

-2.85 

1 

-2.91 

-2,92 

2 

-2.91 

-3.07 

3 

-2.67 

-3.01 

Interpretation  op  Results 

Since  sucrose  hydrates  in  aqueous  solution,  the  inhibition 
of  tlie  fixation  of  chrome  by  the  lower  concentrations  of 
sodium  chloride  and  of  sodium  sulfate  does  not  appear  to  be 
due  to  hydration.  The  writers  believe  that,  as  Wilson  and 
Kern  suggested  for  sulfates,  sodium  chloride,  as  well  as  the 
sulfate,  forms  addition  compounds  with  the  constituents  of 
chrome  liquor,  rendering  them  less  dissociated  and  conse- 
quently less  active  in  combining  with  the  proteins  of  hide 
substance.  This  is  like  the  influence  of  sodium  chloride 
in  inhibiting  the  adsorption  of  mercuric  chloride  by  charcoal, 
which  Rona  and  Michaelis'-  point  out  is  similar  to  the  de- 
crease in  toxicity  of  mercuric  chloride  in  the  presence  of 
sodium  chloride.  They  ascribe  such  effect  to  the  formation 
of  the  complex  ions  HgCla"  and  HgCU  " . 

Upon  increasing  the  concentration  of  salt  the  hydration 
effects  a  virtual  concentration  of  the  chrome  to  such  an  extent 
that  the  retarding  action  of  the  addition  compound  formation 
is  counterbalanced  somewhat  by  the  activity  of  the  high 
chrome  concentration,  and  the  curves  slope  upward.  Sodium 
sulfate  does  not  show  the  upward  slope  because,  first,  owing  to 
mass  action  it  can  drive  back  the  ionization  of  chromic 
sulfate  which  represses  the  activity,  as  well  as  causing 
addition-compound  formation,  and,  second,  according  to  the 
results  of  H.  C.  Jones,  it  does  not  hydrate  to  a  large  extent. 
The  upward  trend  with  sodium  sulfate  is  shown  only  where 
the  liquor  is  very  concentrated  at  the  beginning.  That  the 
effect  of  hydration  is  secondary  to  addition  compound  for- 
mation is  iUustrated  by  sucrose.  While  it  hydrates  in  aqueous 
solution,  it  has  no  retarding  effect  on  the  fixation  of  chrome. 
It  would  seem  that  since  it  does  not  retard  the  action  of  the 
chrome,  it  must  not  form  the  addition  compounds,  except 
at  concentrations  over  3  M.  The  4  M  value  shows  a  re- 
tardation which  we  ascribe  to  a  different  chemical  mechanism. 
The  effect  of  compounds  with  several  hydroxy  groups  in 
forming  soluble  un-ionizable  complexes  with  the  metals, 
such  as  tartrate  with  copper,  mannite  and  glycerol  with  iron, 
etc.,  is  well  known.  The  4  M  sucrose  chrome  solution  was 
thick  and  sirupy  in  consistency  and  it  seems  plausible  that  a 
similar  compound  of  chromium  and  sucrose  was  formed. 
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Industrial  Alcohol 

During  the  past  few  months  the  securing  of  alcohol  for  legit- 
imate manufacturing  purposes  has  been  made  more  difficult  and 
new  regulations  or  modifications  of  existing  ones  have  jjlaced 
hardships  upon  those  entitled  to  tax-free  use  of  this  necessary 
chemical  raw  material.  Many  protests  have  been  made  and 
the  time  has  now  come  when  manufacturers  must  be  heard  and 
their  claims  recognized. 

The  .\merican  Chemical  Society  at  the  Rochester  Meeting 
appointed  a  Committee  on  Industrial  Alcohol  with  the  follow- 
ing personnel:  R.  K.  Bacon,  Charles  Baskcrville.  F.  R.  Hldred, 
Edward  Mallinckrodt,  Jr.,  G.  D.  Rosengarten,  M.  U.  Ittncr, 
Chairman,    B.    R.   Tunison,   Secretary. 

This  Committee  is  anxious  to  know  of  any  and  all  cases  where 
legiTimate  manufacturers  have  had  diHiculty  in  obtaining  alcohol 
needed  for  industrial  purposes,  and  urges  that  all  details  avail- 
able be  sent  to  it.  The  Committee  is  ready  to  cooperate  in  eveiy 
way  possil)le  and  proposes  lo  place  the  facts  before  the  author- 
ities in  Washington  in  an  elTort  to  have  Ihem  distinguish  between 
beverage  and  industrial  alcoliol  and  to  have  them  carry  out  the 
mandatory  jirovisions  of  the  Prohibition  Act,  which  provides  not 
only  for  national  prohibition,  but  for  the  extension  and  develop- 
ment of  the  use  of  alcohol  in  fuels,  dyes,  meilicinal  and  phar- 
maceutical preparations,  and  other  lawful  industries. 

Corres|)ondence  should  be  addressed  to  any  member  of  the 
Committee,  but  pieferal)ly  to  the  vSecretary,  H.  R.  Tunison, 
U.  S.  Iiuhistrial  .Mcoliol  Co.,  27  William  vSt.,  New  York. 
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Energy  Absorbing  Capacity  of  Vulcanized  Rubber' 


By  H.  P.  Gurney  and  C.  H.  Tavener 

Boston  Belting  Co.,  Boston,  Massachusetts 


It  is  the  purpose  of  this  paper  to  indicate  some  relations 
which  exist  between  the  capacity  of  vulcanized  rubber  to 
absorb  or  to  store  up  in  a  potential  form  and  partially  to 
transform  or  degrade  kinetic  energy  into  heat  when  subjected 
to  single  or  repeatedly  applied  stresses,  and  factors  of  con- 
struction, such  as  type  of  crude  rubber,  rubber  content,  and 
particularly  the  temperature  and  duration  of  cure  or  heat 
treatment. 

Lieut.  J.  C.  Hunsaker^  has  pointed  out  that  airplane  shock 
absorbers  are  more  serviceable  when  constructed  of  a  liigh 
rubber  content  product  than  of  a  low  rubber  content  product 
(by  compounding  with  larger  amounts  of  mineral  fillers). 
While  the  energy  absorbed  in  the  first  stress  cycle  to  which 
the  shock  absorber  is  subjected  when  an  airplane  lands  is 
not  so  great  where  the  rubber  content  is  high,  the  rate  of 
diminution  in  successive  cycles  is  not  so  rapid.  To  express 
this  in  terms  of  human  quaUties,  a  product  of  high  rubber 
content" possesses  more  endurance  and  is  less  rapidly  fatigued. 
The  importance  of  these  considerations  lies  in  the  fact  that 
the  greatest  stresses  winch  occur  to  the  airplane  structure 
depend  upon  the  rate  of  stress  increase  per  unit  of  energy 
input  into  the  material  which  absorbs  the  landing  shocks. 

When  an  airplane  lands,  there  is  imposed  upon  the  shock 
absorbers,  an  intermittent  oscillation  of  stresses  between  a 
minimum  and  decreasing  maxima.  In  the  first  cycle,  the 
entire  downward  energy  component  of  the  airplane  is  largely 
absorbed  as  work  of  extension  in  the  shock  absorbers.  Imme- 
diately following  the  extension,  the  absorbed  potential  energy 
partly  reconverted  into  an  upward  kinetic  energy  compo- 
nent, causing  the  airplane  to  bound  upward  from  the  earth. 
On  the  next  return  to  earth,  most  of  the  energy  of  contraction 
of  the  first  cycle  reappears  as  energy  of  extension  of  the  second 
cycle,  minus,  of  course,  whatever  portion  of  this  energy  has 
been  lost  through  air  friction,  and  through  hysteresis  in  the 
tires.' 

An  ideal  machine  for  observing  the  operation  of  airplane 
shock  absorbers  would  measure  not  only  the  load-extension 
relation  but,  by  means  of  some  integrating  device,  the  amount 
of  energy  absorbed  and  returned  in  successive  cycles.  By 
making  the  energy  of  extension  of  any  cycle  equal  to  (or  a 
large  fraction  of)  the  energy  of  contraction  of  the  previous 
cycle,  a  very  accurate  comparison  could  be  made  between  the 
energy  absorbing  capacities  of  different  shock  absorbers. 

Method  and  Calculations 
In  the  present  investigation,  samples  of  vulcanized  rubber 
0.1  in.  thick,  0.5  in.  wide,  with  marks  placed  initially  2  in. 
apart,  were  subjected  to  different  types  of  fluctuating  stresses 
in  a  calibrated  tensile  testing  machine,  so  arranged  that  loads 
are  recorded  both  when  decreasing  or  increasing.  Recorded 
strains  were  read  to  the  nearest  0.1  in.  and  di\aded  by  2  to 
convert  into  extension  ratios.  To  convert  loads  into  stresses, 
they  were  divided  by  the  width  and  thickness  of  the  samples, 
the  widths  being  measured  in  0.01  in.  and  the  thickness  in 
0.001  in.  Thus,  approximately,  loads  multiplied  by  20  gave 
stresses  in  lbs.  per  sq.  in.  All  stresses  therefore  are  expressed 
in  lbs.  per  sq.  in.  of  initial  or  undistorted  cross  section  imless 
otherwise  noted.     The  extensions  under  stress  are  expressed 

1  Received  July  13,  1921. 

2  "Notes  on  Aeroplane  Shock  Absorbers  of  Rubber,"  Avialion  and 
Aeronautical  Eng.,  September  1,  1916. 

'  This  matter  is  amply  treated  from  a  standpoint  of  practical  design  by 
Prof.  A.  Klemin,  in  "Course  in  Aerodynamics  and  Airplane  Design,"  in 
Aviation  and  Aeronautical  Eng.,  June  1,  1917. 


as  the  ratio  of  length  under  stress  to  initial  or  undistorted 
length  under  no  stress.  Under  zero  stress,  the  extension  is 
1  and  increases  up  to  the  point  of  rupture,  when  the  stress  is 
called  the  tensile  strength.  Instead  of  basing  the  tensile 
upon  the  initial  cross  section  it  may  be  based  upon  the  cross 
section  of  the  sample  when  rupture  occurs.  This  type  of 
tensile  is  computed  by  multiplying  the  tensile  based  on  initial 
cross  section  by  the  extension  at  break.  Owing  to  the  fact 
that  the  volume  of  the  sample  increases  under  stress,  the 
assumption  involved  here,  that  the  cross  section  and  extension 
are  inversely  proportional,  is  only  approximately  correct. 
However  the  increase  in  volume  is  due  to  vacuoles  distributed 
throughout  the  product  adjacent  to  the  mineral  particles, 
and  if  we  disregard  these  the  method  of  estimating  the  tensile 
per  cross  section  at  rupture  is  correct.  If  the  tensile  based 
on  the  actual  cross  section  at  rupture  be  divided  by  the 
proportion  of  rubber  by  volume,  the  resulting  tensile  thereby 
becomes  based  on  the  actual  rubber  cross  section  at  rupture, 
c  Even  this  does  not  take 


^ 


Fig.  1 


into  account  micro-in- 
equalities of  stress  in 
the  rubber  portion. 
These  undoubtedly 
vary  from  point  to 
point  and  are  doubt- 
less due  to  the  nature, 
size,  concentration, 
and  degree  of  disper- 
sion of  the  filling 
media. 
->  svr,„  The  work  or  energy 
involved  in  stressing 
is  referred  to  a  unit 
volume  (hence  will  have  the  same  dimensions  as  stress). 
This  unit  of  energy  per  unit  volume  is  expressed  in  ft.  lbs.  per 
cu.  in.     Tliis  work  or  energy  is  of  three  types. 

l_The  work  of  extension,  which  is  the  work  done  upon  the  vulcanized 
rubber  in  increasing  the  stress  from  a  minimum  value  to  a  maximum, 
whereby  kinetic  energy  is  converted  into  potential  energy  of  stress. 

2_The  work  of  contraction,  which  is  the  energy  released  as  the  stress 
is  reduced  from  the  maximum  to  minimum  value,  whereby  a  portion  of  the 
potential  energy  of  stress  reappears  as  kinetic  energy. 

3_The  energy  of  hysteresis,  which  is  the  diSerence  between  the  en- 
ergy of  extension  and  contraction. 

This  may  be  made  clearer  by  referring  to  Fig.  1.  The 
condition  of  the  vulcanized  rubber  is  represented  by  A,  the 
stress  being  OH  or  EA,  the  elongation  (extension  minus 
unity)  by  OE  or  HA.  Let  the  elongation  be  increased  from 
OE  to  OF  by  an  increase  of  stress  of  OH  to  OG.  The  amount 
of  work  done  upon  a  unit  volume  of  rubber  by  this  change  is 
proportional  to  the  area  ABFE,  since 

r-F 

,       ^       .  \  (Stress  varying  EA  to  FB)    X 

Energy  of  extension   =  \  (infinitesimals  train  increases)  =  ABFE. 

If,  thereupon,  the  stress  be  reduced  from  OG  to  OH,  the 
elongation  is  not  reduced  from  OF  to  OE  but  from  OF  to 
OD.  The  energy  liberated  is  proportional  to  the  area 
CBED. 

Energy  of  contraetion  ^S^lSrtfaindecreasSU^FD 

Jf 
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Relation  between  Stress  and  Strain 
-Compound  A,  cured  0.25  to  4  hrs   at  300°  F  Fig.  4 — Compound  C,  cured  0  25  to  4  hrs.  at  280°  F. 

-Compound  B,  cured  0.25  to  4  hrs   at  300°  F.  Fig.  5 — Compound  C,  cured  0  25  to  2  hrs,  at  300°  F 
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Fig.  7  Fig.  S 

Relation  between  Strain  and  Energy  Absorbed  per  Unit  Volume 
Fig.  6 — Compound  A,  cured  0  25  to  4  hrs.  at  300°  F. 
Fig.  7 — Compound  B,  cured  0  25  to  4  hrs   at  300°  F. 
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Fig.  8 — Compound  C,  cured  0  25  to  4  hrs.  at  280°  F. 
Fig.  9— Compound  C,  cured  0.25  to  2  hrs.  at  300°  F. 
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Fig.  13 


Fig.  10  Fig.  11 

Relation  between  Energy  Absorbed  per  Unit  Volume  and  Stress 
Fig.  10 — Compound  A,  cured  0.25  to  4  hrs.  at  300°  F.  Fig.  12— Compound  C,  cured  0.25  to  4  hrs.  at  280°  F. 

Fig.  H — Compound  B,  cured  0.5  to  4  hrs.  at  300°  F. 


Fig.  13 — Compound  C,  cured  0.25  to  2  hrs.  at  300°  F. 


The  difference  between  the  energy  of  extension  and  the  energy 
of 'contraction  is  the  energy  of  hysteresis  and  is  proportional 
to  the  area  ABODE. 

ABFE-CBFD  =  ABCDE 
If  the  sample  starts  from  zero  stress  the  points  0,  A,  and  E 
coincide  and  the  energy  of  hysteresis  is  proportional  to  the 
area  ABC.  In  all  work  involved  in  tliis  paper  the  stress- 
strain  curves  were  plotted  on  coordinate  paper  and  the  ener- 
gies of  extension  and  hysteresis  determined  by  planimetering 
the  areas  involved  and  multiplying  by  a  suitable  constant. 

Referring  again  to  Fig.  1,  another  cycle  may  start  at  C 
and  the  process  be  repeated.  The  corresponding  curves  and 
areas  will  differ  on  each  successive  cycle,  although  they  may 
approach  asymptotically  toward   definite  values  and  loci. 

For  the  investigation  three  rubber  compounds  were  em- 
ployed using  a  wide  range  of  cures  or  heat  treatments. 
Compounds  A  and  B  in  Table  I  were  commercially  designated 
as  pure  gum  stocks,  whUe  C  was  a  "compounded"  stock. 
The  only  difference  between  A  and  B  was  that  Plantation 
Smoked  Sheet  was  used  in  A,  while  Upriver  Fine  Para  was 
used  in  B.  B  and  C  differed  in  rubber  content.  In  all 
compounds  the  ratio  of  sulfur  to  lublier  was  7  per  cent  by 
weiglit. 

Since  difference  in  working  has  a  marked  influence  upon 
stress-strain  curves,  particularly  where  the  stock  is  heavily 
compounded,  all  the  mixing  and  milling  of  the  three  com- 
pounds took  place  under  as  nearly  as  possible  identical 
conditions  and  all  of  each  compound  was  sheeted  out  at  the 
same   time.    Even   the   temperature  of  breakdown   has   a 


bearing;  the  colder  the  temperature,  the  more  intense  the 
breakdown  effect.  Hence  as  far  as  possible  the  temperature 
during  the  mixing  and  milling  was  kept  as  uniform  as  possible 
throughout. 

Table  I — Proportions  op  Ingredients  and  Properties  op  Compounds 
(On  volume  basis,  in  parts  per  thousand) 


Compounds 

Ingredients 

A 

B 

C 

Crude  rubber;  Fine  Para 

0 

940 

0 

Smoked  sheet 

il40 

0 

630 

Vulcanizer-   Sulfur 

30 

30 

20 

Accelerator:  Magnesia 

lU 

10 

10 

Fillers;    Whiting 

0 

0 

320 

Carbon  blaclc 

20 

20 

20 

Specific  gravity 

1. 

00 

1.00 

1.52 

Per  cent  of  rubber  by  weight 

s; 

87 

38 

Ratio  of  sulfur  to  rubber  by  weight 

7 

7 

7 

Estimated  specific  volume  heat 

0. 

4 

0.4 

0.45 

Compounds  A,  B,  and  C  were  each  cured  for  0.25,  0.5,  1,. 
2,  and  4  hrs.  at  300°  F.  In  addition.  Compound  C  was  cured 
for  the  same  durations  of  time  at  280°  F.  In  all  figures  the 
curves  obtained  from  these  cures  are  designated  by  the  num- 
bers 'A,  Vs,  1,2,  and  4. 

The  behavior  of  these  vulcanized  rubber  samples  to 
stresses  will  be  treated  in  two  general  ways,  (1)  stress  in- 
creasing from  zero  to  rupture,  and  (2)  stress  alternating  be- 
tween dclinite  maxima  and  minima. 

Throughout  the  work  no  sample  was  subjected  to  more 
than  one  test.  All  samples  were  allowed  to  rest  several 
weeks  before  any  tests  were  started  and  each  series  of  tests 
where  comparisons  are  made  were  performed  on  the  same 
afternoon. 
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Temperature 
Cure 
Compound  °  F. 


300 


300 


280 


300 


Hours  of 
Cure 
0.25 
0.5 
1 
2 
4 

0.25 
0.5 


1 

2 

4 

0.25 

0.5 

1 

2 

4 

0.25 

0.5 

1 

2 

4 


Table  II — Relation  between  Stress  and  Energy  Absorption 

-Lbs.  per  Sq.  In.  per  Ft.  Lb.  per  Cu.  In.- 


20 

7.0 

8.5 

8.0 

9.0 

12.5 

7.5 

8.0 

9.9 

10.0 

6.5 

10.0 

12.0 

13.0 

15.0 

18.0 

13.5 

15.0 

16.5 

18.0 


30 
6.7 
7.3 
7.0 
8.7 
0.7 


7.3 

9.7 

9.8 

6.0 

9.7 

10.7 

11.0 

12.0 

13.4 

10.7 

11.7 

13.0 

13.0 


40 
6.5 


7 

8.8 

8.7 

6.8 

9.0 

9.2 

9.5 

10.0 

10.7 

9.5 

10.8 

10.6 

10.9 


SO 
6.4 
6.8 
7.0 
8.0 
9.0 

6.6 
7.6 

8.2 
5.6 
8.8 
8.8 
8.8 
9.0 
9.0 
8.6 
8.6 
8.8 
8.0 


60 
6.5 
6.5 


0 


6.7 
7.2 
7.8 
5.7 
8.3 
8.3 
8.3 
7.7 
7.7 
8.0 
7.7 
7.5 
6.8 


70 
6.6 
6.5 
7.0 
7.7 
8.0 

6^4 
7.0 
7.0 
5.6 

7!6 
7.4 
6.9 


80 

6.6 

3 

0 

5 


6.1 


7.3 
7.1 
6.4 
5.9 
7.5 
6.4 
6.1 
5.6 


90 
6.7 
6.2 
7.0 
7.3 
7.6 

5.9 
6.7 
7.1 
5.4 


6.0 
5.7 
7.3 
6.0 
5.8 
5.2 


100 
6.8 
6.4 
6.8 
7.3 
7.3 


6.6 
7.0 
5.5 

6.9 
6.5 
5.7 


110 
6.9 


120 
7.0 
6.4 
6.8 
7.0 
7.0 


5.7 


130 
7.1 


140 


150 


Fig.  14 — Relation  between 
Stress  at  Rupture  and  Time 
OF  Cure 


Stress-Strain    Energy    Rel.\tions    from    Zero    Stress 
TO  Rupture 
The  stress-strain  curves  of  all  compounds  for  aU  cures 
are  plotted  in  Figs.  2,  3,  4,  and  5.     Points  to  be  noted  are: 

1 — Plantation  Smoked  Sheet  is 
quicker  curing  and  produces  stiffer 
curves  than  Fine  Para  (Figs.  2  and  3). 

2 — For  slight  stresses  the  com- 
pounded stock  C  is  stiffer  than  the 
purer  stocks  A  and  B  (Figs.  2  and  4). 

3 — Higher  curing  temperature  pro- 
duces greater  stiffness  (Figs.  4  and  5). 

4 — In  compounded  stock  C  there  is 
a  tendency  for  the  curves  to  intersect 
(Figs.  4  and  5).  Since  this  work  was 
carried  out  (1917)  one  of  us  has  met 
with  this  same  tendency  repeatedly  in 
compounds  of  about  the  same  rubber 
content,  particularly  where  overmill- 
ing  was  known  to  have  taken  place. 
The  phenomena  may  have  some  rela- 
tion to  the  softening  tendency  noted 
by  Gurney  in  an  earlier  paper.* 

The  relations  between  the  extension  ratio  and  ft.  lbs. 
per  cu.  in.  .are  plotted  in  Figs.  6,  7,  8,  and  9.  Points  to  be 
noted  are: 

1 — A  general  resemblance  to  Figs.  2,  3,  4,  and  5  except  for  the  absence  of 
a  point  of  intersection. 

2 — Plantation  Smoked  Sheet  shows  less  extension  for  the  same  energy 
absorption  than  Fine  Para  (Figs.  6  and  7). 

3 — Stocks  A  and  B  are  more  extensible  for  equal  energy  absorptions  than 
the  compounded  stock  C  (Figs.  6  and  8). 

The  relations  of  stress  to  energy  absorption  are  plotted  in 
Figs.  10,  11,  12,  and  13.  The 
following  may  be  noted: 

1 — The  relation  for  A  and  B  is  nearly 
linear  for  all  cures  (Figs.  10  and  11). 

2 — With  compounds  A  and  B  the 
direction  of  slope  is  nearly  constant 
and  independent  of  the  time  of  cure. 

3 — With  compounded  stock  C  for  a 
given  energy  absorption; 

a — For  low  energy  absorption  t  he 
stress  is  greater  the  longer  the  cure. 

b — For  high  energy  absorptions 
the  stress  is  lesser  the  longer  the 
cure.     (Figs.  12  and  13.) 

4 — As  a  corollary  to  the  above  there 
is  a  point  of  intersection  or  reversal  of 
curvature. 

In  Table  II  are  given  the  relations  between  stress  per  unit 
energy  absorption  and  energy  absorption  for  the  different 
compounds  and  the  different  cures. 

The  relations  between  stresses  based  on  initial,  actual,  and 
rubber  cross  sections,  extensions,  and  energy  absorption  at 
rupture  and  the  durations  of  cure  are  brought  out  in  Figs.  14, 
15,  16,  17,  and  18.     Except  for  the  curve  of  Compound  C 

<  This  Journal,  13  (1921),  707. 
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Strain  at  Rupture  and  Time 
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cured  at  300°  F.,  these  curves  exhibit  distinct  with  maxima 
respect  to  duration  of  cure. 

Fig.  17  shows  that  w'hen  the  tensile  is  based  upon  the 
rubber  cross  section  at  rupture  there  is  a  tendency  toward 
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Fig  16 — Relation  between 
Stress  at  Rupture  Based  on 
Estimated  Cross  Section  and 
Time  op  Cure 


Hovxrs 

Fig.  17 — Relation  betwbbm 
Stress  at  Rupture  Based  oh 
Estimated  Rubber  Cross  Sec- 
tion AND  Time  oe  Cure 


equalization.  The  real  rupturing  strength  of  the  rubber 
itself  is  not  so  markedly  reduced  by  compounding  as  would 
be  expected. 

Energy  Absorption  .\nd  Hysteresis  under  Rechjrring 
Alternation  op  Stresses 

Preliminary  to  the  main  portion  of  this  investigation,  one 
compound,  k,  cured  1  hr.  at  300°  F.  was  subjected  to  alter- 
nating stresses  between  0  and 
300,  600,  and 900  lbs.  per  sq.  in.; 
100  and  400,  700,  and  1000  lbs. 
per  sq.  in.;  200  and  500,  800, 
and  1100  lbs.  per  sq.  in.  These 
stresses  therefore  commence 
at  0,  100,  and  200  lbs.  per  sq. 
in.  and  increase  by  300,  600, 
and  900  lbs.  per  sq.  in. 

In  Figs.  19,  20,  and  21  are 
given  the  extensions  at  maxi- 
mum (solid  lines)  and  mini- 
mum (dotted  lines)  plotted 
against  the  number  of  the  cy- 
cle.  The  following  is  apparent: 

1 — The    minimum    extensions    not  ^"^ 

only   increase   as  the  minimum   stress 
increases,  but  spread  further  apart. 

2 — The  maximum  extensions  in- 
crease, although  but  slightly  com- 
pared to  the  minimum  extensions. 

3 — The  lines  thus  plotted  are  not  straight  lines  although  approaching 
asymptotically  to  a  straight  line. 

Figs.  22,  23,  and  24  exhibit  energy  absorption  (soMd  lines) 
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Fig.  19 

Rblation  betwbbn  Cvclb  Number  and  Maxcmum  and  Minimum  Extensions,  Compound  A,  Cured  1  Hr.  at  300°  F. 
19 — Stresses  alternating  between  0  and  300,  600,  and  900  lbs.  per  sq.  in.        Fig.  20 — Alternating  between  100  and  400,  700,  and  1000  lbs.  per  sq.  in. 

Fig.  21 — Alternating  between  200  and  500,  800,  and  1100  lbs,  per  sq.  in. 
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Relation  between  Cycle  Number  and  Maximum  (Solid  Lines)  and  Hysteresis  (Dotted  Lines)  Energy  per  Unit  Volume,  Compound  A,  CtTRED 

1  Hr.  at  300°  F. 
Fig.  22 — Stresses  alternating  between  0  and  300,  600,  and  900  lbs.  per  sq.  in.     Fig.  23 — Alternating  between  100  and  400,  700,  and  1000  lbs.  per  sq.  in. 

Fig.  24 — Alternating  between  200  and  500,  800,  and  1100  lbs.  per  sq.  in. 
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Relation  between  Cycle  Number  and  Maximum  Energy  Absorbed  per  Unit  Volume,  Stresses  Alternating  between  100  and  400  Lbs.  per  Sq.  In. 
Fig.  25 — Compound  A,  cured  0.25  to  2  hrs.  at  300°  F.  FiG.  27— Compound  C,  cured  0.25  to  2  hrs.  »t  280°  F. 


Fig.  26 — Compound  B,  cured  0.5  to  4  hrs.  at  300°  F 


Fio.  28— Compound  C,  cured  0.25  to  1  hr.  at  300°  F. 
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Rblation  between  Cycle  Number  and  Hysteresis  Energy  per  Unit  Voldme.  Stresses  Alternating  between  100  and  400  Lbs.  per  Sq.  In. 
Fig.  29 — Compound  A,  cured  0.25  to  2  hrs.  at  300°  F. 
Fig.  30— Compound  B,  cured  0.5  to  4  hrs.  at  300°  F. 


Fig,  31 — Compound  C,  Cured  0.25  to  2  hrs.  at  280°  F. 
Fig.  32— Compound  C,  cured  0.25  to  1  hr.  at  300°  F. 


X 

c 

""""-^ 

^^ 

J 

I'/      •" — 

~-^^^='^r-'^ 

3n, 

-\\^^ 

\^        1 

0 

£. 

'"^ 

\ii 

1.  """ 

-0^ 

J" 

l^' 

^^-^^^1^ 

0  „ 

d 

, ^ 


' 

y-'H 

ii 

'  ^A 

-^^ 

N^  \r^- — 

:> — ==~r~ 

'N.    ^v. 

-^^^^ 

, 

^^ 

^"^ — 

1 

t= 

>^     1      ,  — ^ 

I 


\£> 


»6 


Fig.   36 


C-Y*^^*:^  ^^oVe  Cvo^e 
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Relation  between  Cycle  Number  and  Maximum  Energy  Absorbed  per  Unit  Volume,  Stresses   Alternating  between    100  and   700  Lbs. 

PER  Sq.  In. 
Fig.  33 — Compound  A,  cured  0.23  to  2  hrs.  at  300°  F.  Fig.  34— Compound  B.  cured  1  to  4  hrs.  at  300°  F. 

Relation  between  Cycle  Number  and  Energy  of  Hysteresis  per  Unit  Volume.  Stresses  Alternating  between  100  and  700  Lbs.  per  Sq.  In 
Fig.  35 — Compound  A,  cured  0.25  to  2  hrs.  at  300°  F.  Fig,  39— Campojnd  B.  cured  1  to  4  hrs.  at  300°  F. 


and  energy  of  hysteresis  (dotted  lines)  plotted  against  cycle 
number.     This  brings  out  the  following  facts : 

For  equal  stress  differences  between  maximum  and  minimum  the  hysteresis 
loss  is:  (1)  Greater  on  the  first  cycle  for  high  minimum  stress;  (2)  declines 
more  rapidly  with  increasing  cycles  as  the  minimum  stress  increases. 

This  makes  it  clear  that  where  hysteresis  is  a  desirable 
property,  as  in  airplane  shock  absorbers,  the  minimum  stress 
should  be  low.  Eeinforcing  this  is  the  fact  that  a  state 
of  strain  accelerates  the  aging  or  depreciation  of  rubber 
goods. 

Adopting  as  standard,  stresses  alternating  between  100 
and  400  lbs.  per  sq.  in.  and  appljnng  this  to  most  of  the 
samples,  energy  absorptions  are  plotted  against  cycle  numbers 
in  Figs.  25,  26,  27,  and  28,  while  the  hysteresis  energy  is 
plotted  in  Figs.  29,  30,  31,  and  32.  From  these  curves  the 
following  points  are  apparent : 

1 — The  energy  absorbing  capacity  at  maximum  stress  is  greater  for  pure 
gum  stocks  A  and  B  than  for  compounded  stock  C  ■O'igs.  25  and  26  vs,  27 
and  28). 

2 — The  effect  of  increasing  the  duration  of  cure  may  be  divided  into  two 
phases: 


a — From  low  cure  to  an  intermediate  optimum  or  moderate  cure  there 
is  an  initially  high  hysteresis,  decreasing  rapidly  as  the  number  of  the  cycle 
advances,  this  stage  becoming  modified  with  longer  cure  to  lower  values  of 
hysteresis  on  first  cycle,  but  better  sustained  on  later  cycles. 

b — From  an  intermediate  optimum  or  moderate  to  long  cure  the  hys- 
teresis is  uniformly  lowered  for  all  cycles. 

Another  way  of  putting  this  is  that  on  the  first  cycle  the  hysteresis  is 
greater  for  shorter  cures,  but  in  later  cycles  the  hysteresis  increases,  passes 
through  a  maximum  and  then  decreases  as  the  duration  of  cure  is  extended. 

Figs.  33,  34,  3.5,  and  36  bring  out  essentially  the  same 
facts  where  the  minimum  stress  is  100  and  the  maximum  stress 
is  700  lbs.  per  sq.  in. 

The  maxima  in  Fig.  18  give  the  greatest  number  of  ft.  lbs. 
per  cu.  in.  that  these  compounds  can  absorb  without  ruptur- 
ing. If  these  amounts  are  converted  into  equivalent  heat 
units  and  confined  adiabatically  to  the  rubber,  the  rises  in 
temperature  would  be  as  indicated  in  Table  III. 

Table   III 

Maximum  Ft. 

Lbs.  per 

Compound  Cu.  In. 

330 

310 

240 


A 
B 
C 


Specific 
Volume 
Heat 
0.4 
0.4 
0.45 


Rise  in 

Temperature 

°  F. 


31 
28 
19 
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Conclusions 

1 — Fine  Para  possesses  no  distinct  advantage  over  plantation 
rubber  so  far  as  tensile  capacity,  speed  of  cure,  or  hysteresis 
endurance  are  concerned. 

2 — Excess  cure  produces  lower  hysteresis  on  all  cycles 
than  more  moderate  cure. 

3 — Under  cure  produces  greater  hysteresis  on  the  first  cycle, 
but  more  rapid  decay  on  following  cycles  than  moderate  cure. 


4 — The  chief  advantages  of  a  pure  gum  stock  lies  not  in  a 
higher  hysteresis  on  the  first  cycle  but  in: 

a — Greater  capacity  to  absorb  energy  prior  to  rupture. 

b — Superior  hysteresis  endurance. 

c — Greater  rate  of  extension  per  rate  of  energy  absorption, 
hence  transfer  of  energy  from  airplane  to  shock  absorbers 
and  reverse  is  slower,  thereby  setting  up  lesser  stresses  in 
the  airplane. 


The  Solubility  of  Gases  in  Rubber  and  Rubber  Stock  and  Effect  of 

Solubility  on  Penetrability'' 

By  Charles  S.  Venable  and  Tyler  Fuwa 

Research  Laboratory  of  Applied  Chemistry,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


The  recent  rapid  development  of  rubberized  balloon  fabric 
has  led  to  an  e.xtensive  study  of  the  penetration  of  gases 
through  rubber  and  the  various  factors  influencing  this 
penetration.  Edwards  and  Pickering'  have  shown  that 
for  any  one  gas  the  rate  of  penetration  through  a  given 
sample  of  rubber  is  directly  proportional  to  the  partial  pres- 
sure difference  and  increases  rapidly  with  the  temperature. 
The  relative  penetrability  values  obtained  by  them  for 
various  gases  are  in  good  agreement  with  similar  values 
determined  by  Graham''  and  Dewar.^  Comparable  results 
were  also  obtained  by  Daynes.^  Since  there  was  no  apparent 
relationship  between  relative  penetrability  and  density 
of  the  gas,  Graham  postulated  that  the  penetration  mechanism 
consisted  in  the  solution  of  the  gas  on  one  side  of  the  rubber, 
with  a  subsequent  diffusion  of  the  dissolved  gas  through  the 
rubber  and  vaporization  on  the  other  side.  Later  investi- 
gatprs  are  inclined  to  take  the  same  view. 

Though  penetrabiUty  is  thus  made  a  function  of  the  solu- 
bihty  of  the  gas  in  the  rubber,  the  mathematical  relationship 
has  been  indeterminate  on  accoimt  of  the  lack  of  accurate 
solubility  data.  By  weighing  sheets  of  rubber  after  exposure 
to  the  gas,  Wroblewski'  obtained  rough  solubility  data  for 
nitrous  oxide,  carbon  dioxide,  hydrogen,  and  air.  Values 
were  also  given  for  temperature  coefficients  but  all  his  re- 
sults were  subject  to  very  large  experimental  error.  Hiifner* 
states  that  between  0°  and  25°  C.  a  gray  vulcanized  rubber 
stopper  in  an  atmosphere  of  carbon  dioxide  absorbs  about 
its  own  volume  of  the  gas.  He  finds  no  absorption  for  hydro- 
gen and  nitrogen,  and  no  al)Sorption  for  oxygen  beyond 
that  involved  in  oxidation  of  the  rubber.  From  a  study  of 
equilibrium  pressures  for  a  known  volume  of  gas  in  contact 
with  the  rubber,  Rcychler'  determined  the  solubility  at 
18°  C.  of  carbon  dioxide  at  1.06  volumes  and  sulfur  dioxide 
at  26  volumes  per  volume  of  rubber. 

Recently  Daynes,^  by  measuring  the  "lag"  or  time  con- 
sumed in  saturating  the  rubber  membrane  in  the  Shakespear 
permeameter,  has  attempted  to  separate  the  permeability 
coefficient  into  its  absorption  or  solubility  coefficient  and  its 
diffusion  coefficient.  He  worked  with  hydrogen,  carbon  diox- 
ide, nitrous  oxide,  air,  oxygen,  and  ammonia,  but  his  results 
are  open  to  the  criticism  that  the  "lag"   period   measured 

'  Presented  before  the  Division  of  Rubber  Chemistry  at  the  61st  Meet- 
ing of  the  American  Chemical  Society,  Rochester,  N.  V.,  April  26  to  29,  1921. 

s  Published  as  Contribution  No.  38  from  the  Research  Laboratory  of 
Applied  Chemistry.  Massachusetts  Institute  of  Technology. 

<  Chem.  Mel.  Eng.,  23  (1920),  17,  71. 

«  Phil.  Trans.,  156  (1806),  399. 

»  Proc.  Roy.  Inst.,  Ct.  Britain,  21  (1915),  558,  813. 

•  Proc.  Roy.  Sac.  London,  97A  (1920),  280. 

'  Wicd.  Ann.  Phys.,  8  (1879). 

•Ibid.,  34  (1888),  1. 

•y.  chim.  phys.,  8  (1910),  39.  617. 


must  have  a  relatively  large  correction  applied  for  instrument 
lag.  His  interpretation  of  results  is  also  somewhat  vitiated 
by  curious  errors  in  density  values  assumed  (page  305). 
Recently  this  Ijaboratory,  in  connection  with  an  investi- 
gation undertaken  for  the  Goodyear  Tire  &  Rubber  Co.,  has 
been  making  a  study  of  the  solubility  of  gases  in  rubber  and 
rubber  stock,  using  a  direct  experimental  procedure  capable 
of  giving  more  accurate  results  than  any  hitherto  pubUshed. 
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Fig.  I — Apparatus  for  Determining  Solubii.itv 
OF  Gas  in  Rubber 

Experimental  Procedure 

The  procedure  consisted  essentially  in  leaving  thin  strips 
of  rubber,  from  which  all  dissolved  gas  had  been  removed 
by  evacuation,  in  contact  with  an  atmosphere  of  the  gas 
under  the  conditions  desired  until  equilibrium  was  estab- 
lished. This  gas  was  then  pumped  out  with  a  Topler  pump 
and  measured  over  mercury,  due  correction  being  made  for 
the  void  gas  in  the  container  system  used.  This  procedure, 
therefore,  in  contrast  to  those  previously  attempted,  allows 
a  du-ect  determination  of  the  volume  of  gas  held  in  free 
condition  by  the  rubber. 

The  apparatus  is  shown  in  Fig.  I.  A  weighed  amount 
of  rubber  cut  into  thin  strips  was  placed  in  the  glass  bulb  A. 
Connections  were  made  through  C  with  a  tube  by  which  the 
gas  (dried  over  P2O5  or  soda  lime)  could  l)e  introducetl  into 
the  bulb.  By  means  of  stopcock  B  connection  was  made 
with  a  Topler  pump  and  by  means  of  E  with  a  mercury 
manometer.  A  large  water  reservoir,  R,  around  the  bulb 
served  as  the  means  of  temperature  control. 

After  the  apparatus  had  been  carefully  tested  for  leaks, 
the  rubber  was  placed  under  high  vacuum  for  48  hrs.  to  ex- 
haust all  dissolved  gases.  Preliminary'  experiments  dem- 
onstrated that  for  the  thickness  of  rubber  used,  and  at  room 
temperature,  24  hrs.  were  required   for  equilibrium  to  be 
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established  in  the  case  of  all  gases  save  ammonia  and  sulfur 
dioxide;  at  100°  C,  only  2  hrs.  were  required.  A  corre- 
sponding time  was  used  for  pumping  out  the  dissolved  gas. 
The  time  required  for  equilibrium  for  ammonia  and  sulfur 
dioxide  was  about  twice  that  for  the  other  gases. 

To  determine  a  solubility  value,  the  evacuated  rubber  was 
left  in  contact  ■nith  the  dry  gas  under  the  desired  conditions 
until  equilibrium  was  established,  as  indicated  by  the  con- 
stancy of  the  pressure  in  the  bulb.  Stopcocks  C  and  E 
were  then  closed  and  the  gas  (void  gas  and  dissolved  gas) 
in  the  bulb  system  ABCE  was  pumped  out  and  measured. 
The  difference  between  the  total  volume  and  void  volume 
represented  the  dissolved  gas.  This  quantity  was  calculated 
over  to  the  basis  of  cc.  gas  (N.  P.  T.)  per  100  cc.  of  raw  rub- 
ber, or  in  the  case  of  the  compounded  samples,  cc.  gas 
(N.  P.  T.)  per  100  cc.  of  rubber  actually  present  in  the  mix. 

DETERJiiNATiON  OF  VOID  VOLUME — From  gage  readings, 
it  was  found  that  when  a  gas  appreciably  soluble  in  rubber 
was  introduced  into  the  bulb,  the  initial  rate  of  solution  was 
verj'  rapid.  Consequently,  the  void  volume  was  determined 
by  introducing  hydrogen  into  the  bulb  system  containing 
the  evacuated  rubber  and  at  the  end  of  5  min.  pumping  it  out 
and  measuring  the  gas.  Gage  readings  during  that  interval 
had  sho^-n  that  the  volume  of  hydrogen  taken  up  by  the 
rubber  was  so  nearly  zero  as  to  be  well  within  the  other 
experimental  errore  involved.  Confirmation  of  this  very 
low  solubility  for  hydrogen  is  shown  by  the  fact  that  when 
air  was  introduced  into  the  bulb  system  and  removed  after 
■5  sees.'  exposure,  the  volume  of  air  obtained  (260.3  and 
260.6  cc.)  was  only  very  slightly  greater  than  the  volume  of 
hydrogen  removed  (260.02  cc.)  after  3  hrs.'  exposure  to  the 
latter  gas. 

PRECISION — Duphcate  determinations  showed  the  whole 
procedure  to  have  approximately  the  precision  indicated  in 

Table  1. 

Table  1 
(Solubility  cc.  gas   (N.  P.  T.)  per  100  cc.  rubber) 
Maximum  Possible 
Deviation 
Values  Per  cent 

3  to  5  About  40 

a  to  10  About  20 

10  to  25  About  10 

Above  25  About    5 

Samples  Used 

I.  Palt  Crtfe — From  a  lot  some  3  or  4  yrs.  old. 

II.  Smoked  Sheet — Obtained  from  Akron  together  with  III  and  IV. 
It  is  understood  that  this  same  rubber  was  used  in  compounding  III  and  IV. 

III.  Original  Composition  Cby  wt.) 


Smoked  sheet 

100 

ZnO 

10 

Thiocarbanilide 

3 

Combined  sulfur 

3.2%  of  wt.  smoked 
present 

Original  Composition 

(by  wt.) 

Smoked  sheet 

100 

ZnO 

10 

S 

20 

Thiocarbanilide 

0 

Combined  sulfur 

2.56%  of  wt.  smoked 
present 

sheet 


Sample  IV  obviously  contains  an  abnormal  amount  of 
free  sulfur. 

Experimental  Results 

EFFECT  OF  SURFACE — Solubility  Determinations  made  on  a 
sample  of  rubber  cut  so  that  in  Case  A  the  surface  exposed 
was  about  three  times  that  in  Case  B,  showed  that  there  was 
no  difference  in  the  amount  of  gas  held  by  the  Rubber  A  and 
Rubber  B.  The  effect  of  surface  area  is  apparently  negli- 
gible so  far  as  final  Solubility  is  concerned,  indicating  that  the 
gas  is  held  in  true  solution  and  not  by  adsorption  on  the 
macroscopic  surface  of  the  rubber. 


Source  op  Gas  Used 

COi  Cylinder -97.5  per  cent 

CO  From  Na  formate +  H5SO4 

CH«  From  NaAc  +  NaOH  (>  90  per  cent) 

Ot  Cylinder  (>  99  per  cent) 

H2  Cylinder  (>  98  per  cent) 

Nj  Cylinder  (>  97  per  cent) 

SO2  Cylinder 

CiHj  From  alcohol +  P!0>-(>  90    per    cent) 

HiS  From  FeS  and  HCl 

.    NHa  Cylinder  (>  98  per  cent) 

He  Cylinder    from    Petrolia,    Texas    (est. 
92    per   cent    He,    8    per    cent   Ns) 

Sample    of    Calculations 
Sample  IV.     Vulc.  coefficient  =  2.56  per  cent. 
Equilibrium  for  24  hrs.  at  room  temperature 
Wt.  sample  =  71.1  g,  =  54,7g,  rubber  =  59.4  cc.  rubber 
Bulb  closed  at  23.7°  C,  and  771.2  mm,  Hg 
Gas  collected  (at  23.7°  and  771.2  mm.)  =  125.9  cc. 
Void  volume  (det.  with  hydrogen)  =    67.2  cc. 

Dissolved    gas    =    58.7  cc.    (23.7°   C.   and   771,2  mm,  Hg)   =  54.8cc. 
(N.  P.  T.)  =92.2  cc.  per  100  cc.  rubber 
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EFFECT    OF    GR.\DE    OF    RUBBER    AND    VULCANIZATION    CO- 

EFFiciENT^The  effect  of  the  grade  of  rubber  and  vulcaniza- 
tion coefficient  on  the  solubility  of  carbon  dioxide  at  room 
temperature  is  shown  in  Table  2.  Since  these  determina- 
tions were  made  at  temperatures  ranging  from  16°  to  24° 
C,  the  values  were  calculated  to  the  common  basis  of  20°  C. 
by  referring  to  the  slope  of  the  curve  shown  later  in  Fig.  III. 

Table  2 — Effect  of  Grade  of  Rubber  and  Vulcanization  Coeffi- 
cient ON  Solubility  op  COj  in  Rubber 

Pressure  CO!  =  760  mm.  Hg.  , 

Solubility  reported  in  cc.  gas  (N,  P.  T.)  per  100  cc.  mitial  raw  rubber 

Solubility 

Calculated 
Sample  Observed        to20°C. 

I.  Pale  crepe  (raw)  ,^g  ^*  ?b°  c        lol 

II.  Smoked  sheet  (raw)  108  at  16    C.       102 

III.  Smoked  sheet  (vulc,  coeff.=  2.56)  92  at  24     C          99 

IV  Smoked  sheet  (vulc.  coe£f.  =  3.2)  103.5  at  19°  C.  101 
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There  is  a  10  per  cent  difference  between  unvulcanized 
pale  crepe  and  smoked  sheet.  On  the  other  hand,  when 
smoked  slieet  is  vulcanized  to  different  coefficients  up  to 


Tablb  3 — Solubility  of  Various  Gases  in  Vulcanized  Rubber 
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3.2  per  cent,  there  is  comi^aratively  little  difference  between 
the  volume  of  gas  lield  by  100  cc.  of  the  raw  rubber  and  100  cc. 
of  the  same  ruliber  after  vulcanization.  The  10  parts  of 
zinc  oxide  and  17  parts  of  free  sulfur  present  also  appear  to 
exert  no  appreciable  effect  on  the  solubility  when  the  results 
are  calculated  on  the  basis  of  the  rubber  present.  Accord- 
ingly, free  use  has  been  made  of  either  Samples  III  and  IV 
in  obtaining  solubility  data,  though  the  sample  used  is 
always  indicated. 

EFFECT  OF  PRESSURE — A  study  was  made  of  the  effect  of 
pressure  on  the  solubility  of  carbon  dioxide  in  rubber.  These 
determinations  were  made  at  100°  C,  on  a  sample  of  rubber 
from  Lot  IV.    The  results  are  shown  in  Fig.  II. 

It  will  be  noted  that  the  solubility  is  directly  proportional 
to  the  absolute  pressure  within  the  limits  investigated. 
This  is  additional  proof  that  the  gas  is  held  in  true  solution 
rather  than  by  adsorption;  this  evidence  rules  out  the  possi- 
bility of  adsorption  even  on  the  surface  of  the  colloidal  units 
of  rubber. 

EFFECT  OF  TEMPERATURE — The  effect  of  temperature  on 
the  solubility  of  carbon  dioxide  in  rubber  is  shown  in  Fig.  III. 
The  rubber  was  taken  from  Lot  IV,  and  the  pressure  was 
760  mm.  Hg. 

The  curve  is  the  usual  type  of  solubility  curve.  Using 
the  solubility  equation 


d  log  S 
d  t 
1 


AH 
RT2 


and  plotting  log  S  against  — ,  the  points  fall  fairly  well  on  a 

straight  line.  From  the  slope  of  this  line,  AH  (the  molal 
heat  of  solution  of  carbon  dioxide  in  rubber)  is  calculated 
to  be  about  3300  cal.  It  will  be  noted  that  the  solubility 
at  140°  C,  or  vulcanization  temperature,  will  be  very  small. 
In  the  case  of  carbon  dioxide,  the  solubility  at  100°  C.  is 
about  one-third  that  at  20°  C.  As  seen  from  Table  3,  in 
the  case  of  the  other  gases  the  soluliility  at  100°  C.  is  usually 
about  one-half  that  at  20°,  indicating  a  lower  heat  of  solution 
than  for  carbon  dioxide. 

RELATIVE  SOLUBILITY  OF  VARIOUS  GASES — Thc  relative 
solubility  of  the  various  gases  in  rubber  is  shown  in  Table  3. 
Rubber  from  Lots  111  and  IV  was  used.  Thc  determinations 
were  made  at  a  gas  pressure  at  700  mm.  Ilg  and  at  the 
temperatures  indicated.  Thc  critical  temperature  for  each 
gas  is  given  in  degrees  Kelvin  in  Column  5. 

As  previously  explained,  the  solubility  of  hydrogen  is  too 
low  to  be  determined  by  the  procedure  used,  and  in  the  above 


Gas 

20°-22° 

He 

H2 

<I.O 

N: 

3.5 

CO 

6.2 

Oj 

7.3 

CH, 

26.8 

COj 

99 

CjH, 

HiS 

NHi 

930 

SO2 

1950 

Solubility  cc.  gas  (N.  P.  T.) 
per  100  cc.  rubber 
Sample  III  Sample  IV 

-""   -"■  20°-22°  100° 


<1.0 

<1.0 

<1.0 

<X.0 

1.7 

3.6 

4.0 

24.0 

101 

34,0 

144 

66 

273 

Critical  Temperatur* 

°K. 

5.0 

33.0 

128.3 

134.4 

155.0 

190.2 

304.0 

282.6 

373.4 

406.0 

428 


table,  it  has  been  indicated  simply  as  less  than  1.  The 
same  was  found  to  be  the  case  for  heUum.  Comparing  solu- 
bihties  with  critical  temperatures,  the  order  of  the  solubiUty 
in  rubber  of  the  various  gases  is  the  same  as  the  order  of 
their  absolute  critical  temperatures,  save  in  the  case  of  the 
unsaturated  ethylene,  which  indicates  that  the  degree  of 
solubility  is  roughly  proportional  to  the  ease  of  condensation 
of  the  gas. 

In  Table  4  are  given  comparative  values  of  the  solubility  of 
the  various  gases  in  rubber  and  in  water  at  21°  C.  The 
values  for  water  were  taken  from  the  Landolt-Bornstein 
"Tabellen,"  being  largely  the  figures  given  by  Winkler. 
In  the  last  column  are  given  the  ratios  of  the  solubility  in 
rubber  to  that  in  \^ater. 

Table  4 — Solubility  op  Gases  in  Rubber  and  in  Water 


ity  given 

in  cc.  gas  (N.  P.  T.)  per 

100  cc.  solvent. 

Temp.=  21  °C 
R 
HiO 

Rubber  Sample  III 

HjO 

He 

<1.0  (Sample  IV) 

1.4 

<0.7 

Hi 

<1.0 

1.8 

<0.6 

N2 

3.5 

1.5 

2  3 

CO 

6.2 

2.24 

2.7 

02 

7.3 

3.0 

2.4 

CH, 

26.8 

3.2 

8.4 

CO! 

99 

82.9 

1.2 

CM, 

144       (Sample  IV) 

II. 6 

12.5 

H2S 

273       (Sample  IV) 

243 

1.1 

NH3 

930 

67,830 

0.014 

SOz 

1950 

3661 . 7 

0.53 

In  the  case  of  hydrogen  and  helium,  the  exact  ratio  is  un- 
knowTi,  but  is  evidently  small.  As  would  be  expected,  the 
two  hydrocarbons,  methane  and  ethylene,  are  much  more 
soluble  in  rubber  than  in  water,  whereas  ammonia  and  sulfur 
dioxide,  wliich  form  hydrates  in  aqueous  solution,  are  much 
more  soluble  in  water  than  in  rubber.  In  the  case  of  the  other 
gases,  the  ratio  is  fairly  constant. 

Relationship  between  Relative  Solubility  and  Rela- 
tive   Penetrability 

If  the  process  by  which  a  gas  penetrates  through  a  rubber 
membrane  is  one  of  the  solution  of  the  gas  on  one  side  of 
the  membrane,  diffusion  of  dissolved  gjis  through  membrane, 
and  evaporation  on  the  other  side,  inasmuch  as  Edwards 
and  Pickering^  have  shown  that  for  any  one  gas  the  rate  of 
penetration  is  indirectly  proportional  to  the  thickness  of  the 
membrane,  it  can  be  assumed  that  this  rate  of  penetration  is 
determined  by  the  second  stage  of  the  process,  that  is,  diffu- 
sion of  dissolved  gas.  The  expression  for  thc  rate  of  penetra- 
tion of  a  gas  through  rubber  might  thus  be  expected  to  take 
the  form : 

V  =  kVC 
where   ;fe  =  proportionality  constant  depending  upon  the  condi- 
tion of  the  rubber,  the  temperature,  etc. 

D  =  rate  of  diffusion  of  an  individual  molecule, 
C  =  concentration  of  gas  in  true  solution  (not  including  mole- 
cules which  arc  combined  chemically  .so  as  not  to  he  able  to  move 
freely) . 

As  a  first  approximation,  it  may  be  assumed  that  C  is 
correctly  measured  by  S,  thc  solubility  as  determined  in  the 
previously  mentioned  experiments,  and  that  D,  the  rate  of 
diffusion  through   the  rubber,  is  proportional  to  the  dis- 
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ordered  heat  motion  of  the  gas  molecule,  '.  e.,  inversely  pro- 
portional to  the  square  root  of  the  molecular  weight.  Thus 
the  equation  for  rate  of  penetration  becomes: 


p  =  k: 


V  Mol.  Wt 


or  K 


P  X  VMoI.  wt. 

s 


where  P  =  relative  penetrability,  S  =  relative  solubility,  and 
K  =  proportionality  factor  depending  upon  the  temperature, 
etc. 

In  the  following  discussion,  values  reported  by  Edwards' 
have  been  used,  as  representing  the  most  recent  and  probably 
the  most  accurate  work.  Carbon  monoxide  and  methane 
were  not  investigated  by  Edwards  and,  accordingly,  the 
values  given  by  Dewar^  and  Graham''  have  been  taken. 
This  introduces  a  slight  error,  inasmuch  as  the  values  given 
by  Edwards  and  Pickering  were  obtained  at  25°  C.  and  those 
given  by  Dewar  and  Graham  at  15°  C.  The  figures,  however, 
are  for  relative  penetrability  compared  to  nitrogen  and  in 
each  case  were  calculated  on  the  basis  of  the  value  given 
for  nitrogen  by  that  particular  investigator.  Although  all 
gases  have  not  the  same  temperature  coefficient,  it  is  believed 
that  no  large  error  is  introduced  by  assuming  the  same 
relative  temperature  coefficient  between  15°  and  25°. 

In  Table  5,  eight  gases  are  considered,  for  which  both 
relative  penetrability  and  relative  solubility  values  (N  =  l) 
are  now  known.      In  Column  3  are  given  values  for  the  term 


K 


P  X  VMoI.  Wt. 


Table  5  shows  that  for  four  gases,  oxygen,  nitrogen, 
carbon  monoxide,  and  carbon  dioxide,  whose  solubiUties 
vary  28-fold,  there  is  a  fair  degree  of  constancy  in  the  values 
calculated  for  K  considering  the  fact  that  the  experimental 
errors  involved  in  the  two  determinations  might  be  10  to 
30  per  cent.  The  wde  variation  in  the  case  of  the  other 
four  gases — hydrogen,  helium,  methane,  and  ammonia — 
indicates,  however,  that  some  fundamental  error  must  have 
been  made  in  the  underljang  assumptions  involved  in  the 
equation. 

Table  5 


Relative 
Solubility 


j^   _  Relative 

Size  of 


Relative  ouiuuiiil>-  i          —            .^i^c  ui 

Penetra-  (at  20°-  FX  V  Mol.  \\  t.  Mnipcul, 

Gas                   bility  Authority  22°  C.)  S  '6X10'; 

Helium                         4.04  E.  &  P.  0.3  -40                       70 

Hydrogen                     6.25  E.  &  P.  0.3  29.5                 119 

Nitrogen                       1.00  E.  &  P.  1.00  5.3                 174 

Carbon  monoxide       1.31  Dewar  1.77  3.9                 178 

Oxygen                         2.81  E.  &  P.  2.09  7.6                 144 

Methane                       2.22  Graham  7.6  1.2                 191 

Carbon  dioxide         18.1  E.  &  P.  28.3  4.2                 191 

Ammonia                   30.0  E.  &  P.  266  0.78               165 

Now,  in  deriving  tlie  expression  for  K,  it  was  assumed 
that  the  rate  of  motion  through  the  rubber  is  proportional 
only  to  the  disordered  heat  motion,  that  is,  inversely  as  the 
square  root  of  molecular  weight.  This  totally  neglects  any 
other  factor,  such  as  the  relative  size  or  the  structure  of  the 
gas  molecules,  which  it  is  quite  reasonable  to  suppose  should 
influence  the  rate  of  diffusion  through  a  colloidal  solid  such 
as  rubber. 

In  Cohimn  4  are  given  relative  values  of  molecular  volumes 
as  computed  from  the  quantity  6  in  van  der  Waal's  equation. 
Pease'"  has  recently  sho^\ai  that  these  values  are  in  close 
accord  with  the  Lewis-Langmuir  theory.  The  abnormally 
high  diffusion  rate  of  hehum  and  hydrogen  might  well  be 
explained  on  the  basis  of  the  relatively  small  size  of  gas 
molecule.  Apparent!}',  however,  no  such  relationship  holds 
in  the  case  of  the  other  gases. 

If,  however,  we  consider  the  structure  of  the  molecules  from 
the  standpoint  of  the  Langmuir  theory,  the  eight  gases 
readily  group  themselves  into  three  different  classes: 

"  J.  Am.  Chem.  Soc,  43  (1921),  991. 


1 — Helium  and  nitrogen,  which  do  not  form  octets,  are  con- 
siderably smaller  than  the  other  gases  and  would  be  expected  to 
diffuse  more  rapidly  through  a  given  medium. 

2 — Oxygen,  nitrogen,  carbon  monoxide,  and  carbon  dioxide 
form  either  single  octets  or  octets  joined  together  by  their  faces 
with  no  hydrogen  nuclei  on  the  outside.  This  group  should 
behave  quite  similarly. 

3 — Methane  and  ammonia  form  two  very  similar  molecules 
with  four  and  three  exposed  hydrogen  nuclei,  respectively,  on 
the  outside  of  the  octet.  It  is  quite  possible  that  such  mole- 
cules would  diffuse  more  slowly  through  the  rubber  colloid,  es- 
pecially because  the  rubber  hydrocarbon  has  a  large  number  of 
unsaturated  linkages. 

As  regard*?  the  effect  of  temperature,  in  conducting  a  diffu- 
sion at  100°  C.  in  place  of  25°  C,  the  solubiUty  of  the  gas  is 
decreased  by  at  least  one-half.  The  disordered  heat  motion 
(proportional  to  the  square  root  of  absolute  temperature) 
is  increased  by  less  than  15  per  cent.  On  the  other  hand, 
Edwards  and  Pickering'  have  shown  that  at  100°  C.  the  rate 
of  diffusion  in  the  case  of  carbon  dioxide  is  about  six  times, 
and  in  the  case  of  hydrogen  and  helium,  about  seven  to 
eight  times  that  at  25°  C. 

It  is  obvious,  therefore,  that  the  value  for  K  in  the  above 
formula  must  increase  ten-  or  twelve-fold  for  a  75°  rise  in 
temperature.  This  is,  however,  not  surprising,  for  while 
it  is  somewhat  greater  than  the  change  in  the  rate  of  diffusion 
of  solutes  through  water,  the  order  of  magnitude  is  the  same, 
and  the  coefficient  of  expansion  of  rubber  is  much  greater  than 
that  for  water,  and  its  decrease  in  "\iscosity"  would  un- 
doubtedly prove  correspondingly  greater  if  it  coidd  be 
measured  by  ordinaiy  methods.  The  \'iscosity  of  heavy  oils 
varies  thirty-fold  in  magnitude  over  a  similar  range  in  tem- 
perature. 

On  the  whole,  therefore,  all  the  evidence  seems  to  favor 
the  customary  assumption  that  the  mechanism  by  which  gas 
penetrates  a  rubber  membrane  is  through  diffusion  of  the  gas, 
which  is  held  in  true  solution.  While  both  the  solubiUty 
and  molecular  weight  of  the  gas  play  their  expected  part 
in  influencing  the  speed  of  diffusion,  the  size  and  structure 
of  the  gaseous  molecule  and  the  viscosity  of  the  rubber 
itself  are  additional  important  factors  in  determining  the 
precise  rate  of  diffusion.  The  attempt  has  been  made  above 
to  analyze  these  factors  as  far  as  it  is  possible  with  the  limited 
amount  of  data  now  available,  which  are  admittedly  inade- 
quate for  positive  conclusions. 

Summary 

1 — It  has  been  found  that  when  rubber  absorbs  a  gas, 
this  gas  is,  in  most  cases  at  least,  held  in  true  solution  and  not 
by  adsorption. 

2 — In  the  case  of  carbon  dio.xide,  which  has  about  an 
average  solubility,  the  amount  of  gas  thus  held  in  true  solution 
by  the  rubber  is,  witliin  the  limits  investigated,  directly 
proportional  to  the  pressure  and  is  unaffected  by  degree  of 
■vulcanization  or  the  presence  of  compounding  ingredients. 

3 — The  solubility  decreases  rapidly  with  increasing  temper- 
ature. 

4 — Relative  solubility  values  obtained  for  various  gases 
show  that  there  is  a  general  relationship,  such  as  might  be 
expected  on  purely  theoretical  grounds,  between  the  solubility 
and  the  density  of  a  gas,  and  its  relative  rate  of  penetration 
through  rubber.  The  indications  are,  however,  that  the 
actual  size  and  structure  of  the  gas  molecule  and  the  vis- 
cosity of  the  rubber  Ukewse  markedly  influence  this  rate 
of  penetration,  and  in  a  direction  which  can  be  predicted. 
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Cyanamide  in  Some  Fertilizer  Mixtures' 

By  W.  S.  Landis 

American  Cyanamid  Co.,  511  Fifth  Avk.,  Nkw  Yohk,  N   Y. 


At  the  meeting  of  the  American  Chemical  Society  in 
Chicago  in  1920,  Mr.  E.  H.  Harger,  of  the  United  States 
Department  of  Agriculture,  presented  a  paper  entitled  "The 
Changes  Taking  Place  in  Cyanamid  wlien  Used  with  Mixed 
Fertilizers,"^  in  which  he  described  the  behavior  of  certain 
experimental  mi.\tures  of  fertilizer  materials  and  Cyanamid 
made  up  in  gram  lots  in  the  laboratory,  and  reported  after 
a  certain  time  interval  a  material  decrease  in  the  cj'anamide 
nitrogen  content  and  a  corresponding  increase  in  dicyanodi- 
amide  nitrogen.  The  author  remarks  that  this  results  in  a 
considerable  waste  of  fertilizer  nitrogen,  and  that  methods 
should  be  evolved  to  prevent  such  waste.  Fortunately,  the 
facts  as  stated  are  not  found  applicable  to  standard  brands  of 
fertilizer  in  which  cyanamide  has  been  properly  incorporated, 
some  studies  of  which  form  the  basis  of  this  paper. 

Observation  of  the  rapid  transformation  which  cyanamide 
undergoes  in  fertilizer  mixtures,  or  even  when  applied 
alone  to  the  soil,  is  not  new.  The  decomposition  and  trans- 
formation have  been  the  subject  of  world-wide  investigation, 
and  the  principles  developed  are  applied  on  an  ever  increas- 
ing commercial  scale,  there  being  found  on  the  market  num- 
erous chemical  products,  uch  as  ammonia,  urea,  dicyanodi- 
amide  and  the  guanidines,  made  from  cyanamide,  some  of 
them  in  quantities  quite  comparable  with  those  obtained 
from  other  sources.  The  general  reactions  involving  these 
decompositions  have  been  the  subject  of  numerous  pubUca- 
tions  and  need  not  be  repeated  here.' 

Returning  to  the  Cliicago  paper,  the  author's  discovery 
that  the  cyanamide  nitrogen  as  such  had  completely  dis- 
appeared from  fertilizer  mixtures  in  which  cyanamide  had 
been  used  in  their  formulation,  was  by  no  means  a  new  one. 
In  the  "American  FertOizer  Handbook"  for  1914,  the  trans- 
formations taking  place  in  cyanamide  in  fertilizer  mixtures 
were  referred  to,  this  subject  having  been  investigated  years 
before  Mr.  Harger's  experiments. 

The  surprising  feature  of  Mr.  Harger's  paper,  however, 
was  his  conclusion  that  the  decomposition  product  of  the 
cyanamide  in  the  fertilizer  mixture  was  "represented  princi- 
pally by,  and  in  many  cases  quantitatively  by  the  formation 
of  dicyanodiamide."''  According  to  his  experimental  results, 
a  mixture  of  cyanamide  and  moist  acid  phosj^hate  containing 
22  g.  of  cyanamide  and  184  g.  of  acid  phosphate,  to  which  16  g. 
•of  water  were  intentionally  added,  showed  that  in  8  days 
practically  90  per  cent  of  the  cyanamide  nitrogen  had  been 
transformed  into  dicyanodiamide  nitrogen. 

Now  dicyanodiamide  is  an  article  of  commerce  and  has 
been  so  for  many  years.  Exhaustive  studies  liave  been  made 
on  its  production  from  cyanamide.'^  A  compreluusive  review 
of  the  suggestions  and  methods  of  these  investigators  made 
in  the  laboratory  of  tliis  company  have  confirmed  most  of 

'  Presented  before  the  Division  of  Fertilizer  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September  6 
to  10,  1921. 

!  Published  in  revised  form  under  the  title  of  "The  Changes  Taking 
Place  in  Cyanamid  when  Mixed  with  Fertilizer  Materials,"  This  Journai.,  12 
(1920),  nil. 

3  Am.  Fenilhcr,  64  (1921),  49;  Caz.  cliim.  Hal.  (1918),  II,  No.  4,  3.58; 
Trans.  Am.  Inst.  Chem.  ling.,  8  (1915)  2(!7;  Ilcilstein's  "Handbuch  dcr 
Organische  Chemie." 

*  In  the  paper  as  printed  the  conclusion  as  above  given  was  modified 
.and  changed  in  form. 

*  G.  Grube  and  P.  Nitschc,  "The  Polymerization  of  Cyanamide  to 
Dicyanodiamide    in    Aqueous  .Solution,"  Z.  physik.  Clwm.,  86,  ()5  (1913) ; 

■G.  Grube,  "Technical  Methods^  for  ,the  Production  of  Dicyanodiamide 
from  Lime  Nitrogen  from  the  Standpoint  of  Chemical  Kinetics,"  Z. 
Mtew.Chcm..  7.1,  I,  368  (1914);  D.  K.  P.  252.273;  279,133;  2,57.769. 


their  findings.  By  the  most  efficient  method  of  procedure, 
coupled  with  the  most  exacting  laboratory  control,  we  were 
able  to  transform  about  85  per  cent  of  the  cyanamide  ni- 
trogen in  aqueous  solution  into  dicyanodiamide  nitrogen. 
Since  the  solubility  of  cyanamide  in  water  is  a  difficult  and 
in  many  cases  an  inefficient  process,  the  over-all  transfor- 
mation efficiency  from  cyanamide  to  dicyanodiamide  has 
always  been  low.  Every  investigator  in  this  field  has  noted 
the  fact  that  in  this  transformation  only  a  part  of  the  cyan- 
amide nitrogen  goes  to  dicyanodiamide  nitrogen  and  this 
fraction  seems  fairly  constant,  irrespective  of  the  method  of 
making  the  transformation,  provided  such  method  has  good 
foundation  in  fact.  In  large-scale  work  where  quantities 
of  a  ton  or  more  are  operated  on  and  control  is  not  quite  so 
exact  as  in  the  laboratory,  our  experience  has  shown  that 
less  than  five-sixths  of  the  cyanamide  nitrogen  brought  in 
solution  can  be  transformed  into  dicyanodiamide  nitrogen, 
and  about  one-sixth  always  goes  to  urea  nitrogen.  With 
less  exacting  control  and  more  nearly  paralleling  factory 
conditions,  this  fraction  going  to  urea  nitrogen  is  materially 
greater  than  one-sixth  and  we  consider  it  good  factory  prac- 
tice if  it  does  not  exceed  one-fourth.  It  is  extremely  inter- 
esting to  find  that  Mr.  Plarger's  accidental  method,  which 
involves  no  presolution  of  the  cyanamide  whatever,  should 
be  able  to  transform  cyanamide  into  dicyanodiamide  at  a 
conversion  efficiency  of  about  90  per  cent. 

Experimental   Mixtures   of  Acid    Phosphate   and 
Cyanamide 

However,  more  closely  to  parallel  fertilizer  conditions, 
and  shortly  after  the  reading  of  the  Chicago  paper,  one  of  the 
large  agricultural  chemical  companies  mixed  up  a  batch  of 
commercial  acid  phosphate  and  cyanamide  in  one  of  its 
fertilizer  factories.  The  mixture  was  of  the  proportion  of  1900 
lbs.  of  commercial  acid  phosphate  and  100  lbs.  of  cyan- 
.amide,  and  the  pile  was  carefully  sampled  by  the  agricultural 
company's  chemist.  Ten  days  after  mixing  (this  elapsed 
time  taken  to  represent  periods  similar  to  those  reported  at 
Chicago)  this  sample  was  tested  in  the  laboratory  with  the 
following  results:  On  the  addition  of  picric  acid  as  in  the 
Harger  procedure,  precipitates  were  obtained  without  the 
addition  of  silver  nitrate,  indicating  the  presence  of  inter- 
fering materials.  This  precipitate  was  determined  to  be 
guanyl  urea,  equal  to  ammonia  0.21  per  cent.  Without  ex- 
treme care  in  observation  on  the  part  "of  the  analytical  chem- 
ist in  applying  the  Harger  method  this  woukl  have  been  re- 
ported as  dicyanodiamide.  After  removal  of  the  guanyl  urea, 
silver  nitrate  was  added  and  all  the  conditions  of  the  Harger 
method  followed  out,  and  after  adding  the  Harger  correction 
factor  dicyanodiamide  equivalent  to  ammonia  0.0,3  per  cent 
was  obtained.  A  direct  determination  of  urea  showed  urea 
equivalent  to  ammonia  0.66  ])cr  cent.  Cyanamitle  equivalent 
to  ammonia  was  determined  as  0.06  and  ammonia  salts  in 
terms  of  ammonia  as  0.05  per  cent.  The  above  accounts  for 
1  per  cent  of  ammonia  out  of  a  total  of  1.2  per  cent,  the  un- 
determined part  being  insoluble  ammonia  and  forms  which 
the  wiiter  could  not  determine  analytically  by  accurate 
methods  at  his  disposal. 

This  large-scale  experiment,  checked  by  two  independent 
laboratories,  seems  to  dispose  effectually  of  the  application 
of  Harger's  conclusions  to  oven  such  an  unusual  kind  of 
fertilizer  mixture  when  prepared  by  actual  mamifacturers. 

In  order,  however,  to  dispose  of  this  matter  finallj',  a  con- 
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siderable  quantity  of  cyanamide  was  moistened  and  allowed 
to  stand  under  such  conditions  as  to  insure  about  one-half  of 
its  nitrogen  being  converted  into  the  dieyanodiamide  form. 
The  actual  analysis  of  this  cyanamide  showed  10.8  per  cent 
dieyanodiamide  ammonia  and  approximately  an  equal  quan- 
tity of  cyanamide  ammonia.  A  similar  mixture  with  acid 
phosphate  was  made  with  tliis  cyanamide  which  was  posi- 
tively known  to  contain  dieyanodiamide,  but  strange  to  say 
the  resulting  mixture  showed  no  test  for  the  same  upon 
analysis.  In  other  words,  the  only  conclusion  is  that  dieyano- 
diamide is  incapable  of  existence  in  such  an  acid  mixture  pre- 
pared according  to  the  methods  of  the  modern  fertihzer  mixing 
plant,  all  of  which  is  quite  in  accord  with  the  theory  of  its 
formation  and  decomposition. 

Mixtures  of  Cyanamide  with  Base  Goods 

It  has  been  known  for  a  long  time  that  amino  acids  react 
with  cyanamide.  In  the  few  cases  actually  studied  and  re- 
ported in  easily  accessible  hterature,*^  the  reaction  products 
noted  are  excellent  plant  foods.  A  very  large  amount  of 
work  along  the  line  of  cyanamide  reactions  with  amino  acids 
has  been  published  in  the  form  of  theses  by  German  stu- 
dents, and  a  comprehensive  re\'iew  of  these  is  being  made  at 
the  present  time  in  order  to  throw  more  light  upon  this 
phase  of  the  behavior  of  cyanamide  in  fertihzer  mixtures. 

The  use  of  rough  ammoniates  in  base  mixtures  is  quite 
common  practice  Ln  this  country.  The  resulting  base  goods 
contain  the  larger  part  of  their  available  nitrogen  in  the 
form  of  amino  acids,  and  a  study  has  been  made  of  the 
constitution  of  fertilizer  mixtures  made  up  by  various  fac- 
tories from  these  bases  with  cyanamide  and  other  ingre- 
dients.    The  results  of  a  few  of  these  studies  follow. 

A  mixture  was  prepared  in  the  proportions  of  820  lbs. 
of  a  well-kno\VTa  base  goods  and  180  lbs.  of  cyanamide.  To 
insm-e  the  most  complete  decomposition  of  the  cyanamide, 
the  material  was  allowed  to  stand  for  30  days  after  mixing 
and  before  sampling  for  analysis.  The  result  of  the  analysis, 
reported  on  the  basis  of  the  cyanamide  ammonia  added 
being  taken  as  100  per  cent,  was  as  follows: 

Per  cent 

Cyanamide  ammonia 2.5 

Dieyanodiamide  ammonia 3.1 

Urea  ammonia 45.7 

Ammonium  salts 4.3 

No  part  of  the  remainder  of  the  cyanamide  ammonia, 
amounting  to  44.4  per  cent,  together  with  the  ammonia  in 
the  ammoniated  base  could  be  positively  identified  in  a  quan- 
titative way  by  any  known  method  at  our  disposal.  It 
undoubtedly  represents  complex  amino-eyanamide  deriva- 
tives for  which  we  have  no  adequate  analytical  methods. 

Two  samples  of  ammoniated  base  goods,  formulated 
8-3-3  and  S-2-2  from  two  different  fertilizer  plants  and  rep- 
resenting material  placed  on  the  market  in  the  fall  of  1920  in 
large  tonnage,  were  examined  very  carefuUy  by  the  various 
analytical  methods  at  our  disposal.  These  fertilizers  were 
each  formulated  with  70  lbs.  of  cyanamide  to  the  ton  of 
finished  fertilizer  and  each  also  contained  about  1400  lbs. 
of  ammoniated  base  per  ton.  The  8-3-3  contained  13.8 
per  cent  moisture  and  the  8-2-2  contained  12.87  per  cent 
moisture,  both  samples  ha\ang  ample  water  to  insure  re- 
action like  that  reported  by  Harger.  The  other  elements  were 
tobacco  stems,  rapeseed  mix,  ammonium  sulfate,  potash,  and 
filler.  The  samples  were  investigated  several  n^onths  after 
mixing  and  undoubtedly  the  chemical  status  had  reached 
equilibrium.  In  neither  of  these  samples  was  any  dieyano- 
diamide or  guanyl  urea  found,  nor  did  they  contain 
cyanamide.  Both  contained  urea  to  the  extent  of  30  per 
cent  for  the  8-3-3,  and  15  per  cent  for  the  8-2-2  brand, 
of  the  equivalent  of  the  cyanamide  nitrogen  added,  but 

•  Richter,   3rd   American   Edition,   412;    Ber.,    «    (1910),   2882;   Caz. 
chim.ilal.ii  (1915),  56. 


more  than  one-half  of  this  cyanamide  nitrogen  could  not 
be  accounted  for  by  any  of  the  analytical  methods  at  our 
disposal. 

In  view  of  the  fact  that  we  were  looking  for  dieyanodiamide 
in  these  materials  and  were  somewhat  fearful  that  the  va- 
rious methods  might  fail  to  show  its  presence,  we  added  50  mg. 
of  pure  dieyanodiamide  to  water  extracts  of  8  g.  of  the 
8-3-3  fertilizer  mixture  and  proceeded  with  a  determination 
by  the  Harger  method.  In  two  experiments  carried  out  as 
nearly  in  duplicate  as  possible,  only  39  mg.  of  dieyanodiamide 
in  one  case  were  recovered  and  14.1  mg.  in  the  other.  In  a 
third  experiment  where  35  mg.  of  dieyanodiamide  were 
added  to  the  water  extract  from  4  g.  of  the  fertilizer,  no 
precipitate  whatever  was  obtained. 

In  view  of  this  peculiar  beha\'ior  of  the  8-3-3  fertilizer, 
the  S-2-2  fertilizer,  which  was  very  similar  in  constitution, 
was  not  tested  similarly  at  the  time.  Instead,  a  sample  was 
obtained  of  a  7-7-5  brand,  formulated  with  820  lbs.  of  ammo- 
niated base,  300  lbs.  of  16  per  cent  acid  phosphate,  and  80 
lbs.  of  cyanamide,  together  with  800  lbs.  of  tobacco  stems, 
meal,  ammonium  sulfate,  and  muriate  of  potash.  The  moisture 
content  of  this  fertilizer,  which  was  marketed  in  large  quan- 
tities last  winter,  was  9.94  per  cent.  No  test  for  dieyano- 
diamide was  obtained  by  any  of  the  various  methods,  and 
dieyanodiamide  was  added  to  the  sample,  which  was  then 
analyzed  by  the  Harger  method.  Four  aqueous  extracts 
were  prepared  on  fom-  samples  of  4  g.  each  of  the  fertilizer,  the 
use  of  the  smaller  samples  of  the  fertilizer  seemingly  giving 
more  accurate  check  residts.  To  one  of  these  samples  25  mg. 
dieyanodiamide  were  added,  to  the  second  50  mg.,  to  the  third 
75  mg.,  and  one  to  the  fourth  1 00  mg.  In  each  case  practically 
all  the  dieyanodiamide  added  was  recovered  by  the  Harger 
method.  Of  the  total  of  250  mg.  of  dieyanodiamide  added 
in  the  four  lots,  a  total  of  253.2  mg.  was  obtained.  If  we 
assume  this  extra  3.2  mg.  of  dieyanodiamide  recovered  to 
represent  the  dieyanodiamide  content  of  16  g.  of  fertilizer 
treated,  this  product  would  have  contained  a  total  of  0.02 
per  cent  dieyanodiamide  expressed  in  terms  of  ammonia. 
This  was  the  only  fertilizer  mixture  containing  ammo- 
niated base  in  which  the  present  investigators  ever  suc- 
ceeded in  recovering  quantities  of  dieyanodiamide  comparable 
to  that  added. 

Feeling  that  possibly  the  tobacco  stems  and  meals  might 
have  had  some  influence  on  the  appUcation  of  the  Harger 
method  to  the  determination  of  dieyanodiamide  in  these 
mixtures,  we  procured  some  samples  of  standard  base  goods 
from  some  of  the  large  producers.  One  of  the  samples  con- 
tained 2.56  per  cent  of  ammonia,  of  which  75  per  cent  was 
water-soluble,  and  of  which  about  25  per  cent  was  yielded  as 
ammonia  on  distillation  with  magnesia.  Several  10-g. 
portions  of  this  ammoniated  base  were  extracted  with  water 
and  treated  by  the  Harger  method  up  to  the  point  of  addi- 
tion of  picric  acid.  Four  portions  were  prepared,  each  cor- 
responding to  4  g.  of  ammoniated  base.  To  the  first  por- 
tion 20  mg.  of  dieyanodiamide  were  added,  to  the  second 
portion  40  mg.,  to  the  third  portion  60  mg.,  and  to  the 
fourth  portion  80  mg.  The  picric  acid  addition  and  the 
ice  bath  treatment  were  then  carried  out.  The  portion  con- 
taining 80  mg.  of  dieyanodiamide  began  to  precipitate  in 
15  min.,  and  the  portion  containmg  60  mg.  at  the  end  of 
25  min.  No  precipitates  were  obtained  from  the  other  por- 
tions, even  at  the  end  of  an  hour.  All  four  samples  were  al- 
lowed to  stand  over  night,  those  to  which  the  20  and  40  mg. 
additions  of  dieyanodiamide  shomng  no  precipitate  on  this 
long  standing.  From  the  portion  to  which  the  80  mg.  of 
dieyanodiamide  had  been  added,  only  54  mg.  were  recovered 
and  from  the  portion  containing  60  mg.  of  dieyanodiamide 
only  37  mg.  were  recovered.  These  experiments  confirm 
our  theories  that  the  amino  acids  of  the  base  mixture  not 
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only  react  with  cyananiide,  as  is  well  known,  but  also  have  tlie 
property  of  reacting  with  dicyanodiamide  to  a  certain  ex- 
tent, and  that  it  would  be  impossible  to  have  dicyanodiamide 
in  a  fertilizer  mixture  containing  base  goods  and  cyanamide 
when  the  latter  is  used  in  the  recommended  proportions. 

In  a  parallel  series  of  experiments  to  whicli  cj'anamide  had 
been  added,  it  was  found  that  4  g.  of  ammoniated  base  had 
the  property  of  reacting  immediately  with  approximately  15 
mg.  of  cyanamide.  OrtlinarUy  this  reaction  between  cyan- 
amide  and  the  base  goods  seems  extremely  rapid,  but  it  was 
later  found  that  the  rapidity  of  this  reaction  was  affected  by 
the  quantity  of  ammonium  salts  present  in  the  aqueous  ex- 
tract of  the  base  goods.  The  complex  nature  of  this  re- 
action on  cyanamide  prevented  our  obtaining  any  precise 
information  which  would  enalile  us  to  plot  the  rate  of  this 
reaction  with  cyanamide.  Certain  complex  guanidines, 
wliich  could  not  be  i.solated  and  identified  specifically,  seemed 
to  be  formed  in  the  presence  of  the  ammonium  salts. 

Conclusion 

From  these  few  experimental  results  with  samples  of  com- 
mercial fertOizer  and  special  mixtures  from  various  plants 
and  various  agricultural  chemical  companies,  subjected  to 
all  the  available  analytical  methods  that  offer  any  possibil- 
ities of  yielding  accurate  results,  the  present  writer  has  been 
entirely  unable  to  parallel  the  conclusions  enunciated  in  the 
Harger  paper.  Wherever  dicyanodiamide  has  been  found 
it  has  been  in  extremely  small  quantity,  hardly  exceeding  the 
limit  of  precision  of  the  method  of  analysis  available.  Every 
possible  endeavor  has  been  made  to  check  the  methods, 
prove  them  for  their  application  to  the  case  in  question,  or 
to  confirm  results  by  the  use  of  several  methods  of  analysis. 
The  widest  possible  ranges  of  fertilizer  mixtures  have  been 
studied.  Straight  mixtures  of  ammoniated  base  and  cyan- 
amide are  at  the  present  time  undergoing  extensive  investiga- 
tion with  the  idea  of  learning  more  of  the  various  forms  of 
cyanamide  decomposition  products  therein  and  applying 
this  information  to  the  commercial  fertilizer  mixtures. 
While  this  work  is  far  from  complete,  we  have  in  no  case  en- 
countered dicyanodiamide  in  even  these  simple  mixtures. 
The  recovery  of  direct  dicyanodiamide  additions  has  yielded 
extremely  irregular  results.  For  tliis  irregularity  we  have  no 
adequate  explanation  in  many  cases. 

Methods  are  lacking  for  the  constitutional  analysis  of 
these  complex  nitrogen  compounds.  Our  own  laboratory 
has  been  at  work  on  these  methods  for  years.  We  have 
reached  only  to  the  stage  where  we  are  absolutely  certain  of 
determinations  of  ammonium  salts,  cj'anamide,  guanyl  urea, 
and  urea. 

In  the  case  of  dicyanodiamide  ammonia,  we  are  certain 
of  the  results  in  the  absence  of  amino  acids  and  other  or- 
ganic materials.  In  the  majority  of  such  cases  we  can  check 
our  results  by  transformation  of  the  dicyanodiamide  to 
guanyl  urea  and  its  determination  as  such.  In  the  presence 
of  amino  acids  we  are  able  to  prove  accuracy  of  results  in 
most  cases,  but  we  have  records  of  a  few  examples  where  we 
cannot  prove  definitely  whether  the  methods  of  analysis 
are  applicable  or  not.  In  several  cases  we  have  encoun- 
tered difficulties  with  some  of  the  proposed  methods  because 
decomposition  takes  place  incident  to  the  reagents  used  or 
conditions  imposed  in  the  carrying  out  of  the  method. 
This  has  been  a  source  of  considerable  difficulty  which  we 
believe  has  been  overlooked  by  many  of  the  investigators 
in  this  field  wlio  have  not  familiarized  themselves  with 
the   character    of  cyanamide  decompositions. 

Our  conclusion  to-day  is  that  in  tlic  ordinary  commercial 
fertilizer  formulated  from  the  everyday  fertilizer  materials, 
and  using  cyanamide  in  the  quantities  recommended,  there 
need  be  no  fear  of  transformation  to  dicyanodiamide  and  con- 


sequent loss  of  the  plant  food  value  of  the  nitrogen  contained. 
The  complex  fertilizer  mixtures  of  to-day,  and  particidarly 
those  containing  cyanamide,  form  a  most  attractive  field 
for  investigation  of  their  constitution,  and  should  be  of  great 
interest  to  the  student  of  analytical  chemistry  desirous  of 
investigating  one  of  the  most  complicated,  yet  fascinating 
fields  of  his  activity.  The  ability  to  determine  the  various 
forms  of  nitrogen  in  such  a  fertilizer  mixture  is  very  greatly 
desu'ed  and  chemists  have  been  cooperating  and  working  on 
these  methods  in  several  laboratories  for  a  considerable  period 
of  time;  yet  the  field  to-day  is  practically  untouched. 


Comments  on  Formation  of  Dicyano- 
diamide in  Fertilizers' 

By  J.  E.  Breckenridge 

American  Agricultural  Chemical  Co.,  Carteret,  New  Jersey 

In  experiments  made  by  R.  N.  Harger,-  mixtures  were 
made  to  correspond  to  25,  50,  75,  and  100  lbs.  of  cyanamide 
per  ton  of  fertilizer  with  water  added  so  that  mixture  con- 
tained 10  per  cent  moisture.  Harger  wTites,  "It  will  be 
noticed  that  while  the  formation  of  dicyanodiamide  is  less  with 
smaller  quantities  of  cyanamide  used  in  the  fertilizer,  yet 
the  change  to  dicyanodiamide  is  still  very  considerable  with 
50  pounds  per  ton." 

In  view  of  the  fact  that  cyanamide  had  been  used  for  some 
years  in  amounts  approximating  50  lbs.  to  the  ton,  this 
statement  disturbed  the  fertilizer  industry,  and  there  was 
some  doubt  as  to  whether  or  not  in  actual  fertilizer  manu- 
facture there  would  be  the  results  as  indicated  by  the  above 
experiments.  No  harmful  results  had  been  called  to  the 
writer's  attention  by  the  use  of  cyanamide  as  used  in  mixed 
fertilizers. 

The  author,  therefore,  prepared  a  laboratory  mixture  of 
1900  parts  acid  phosphate  (testing  12  per  cent  moisture  and 
16.50  per  cent  available  phosphoric  acid)  and  100  parts  of 
cyanamide  (old  stock).  This  mixture  was  tested  at  once  for 
dicyanodiamide  by  the  method  outlined  by  Harger,  with 
the  following  results: 

Dicyanodiamide 
Per  cent 

Fresh  mixture 0.15 

24  hours 0.26 

9  days None 

Again  a  pile  of  fertilizer  in  the  factory  was  sampled.  This 
contained  40  lbs.  of  cyanamide  to  the  ton,  the  other  ingre- 
dients being  the  usual  materials  entering  a  fertilizer  mixture, 
with  8  per  cent  phosphoric  acid.  The  fertilizer  was  acid  in 
reaction  and  was  made  up  as  in  regular  manufacture,  in 
several  hundj-ed  tons  to  a  pile.  This  sample  was  tested  for 
dicyanodiamide,  and  none  was  found. 

The  sample  was  sent  to  the  Bureau  of  Plant  Industry 
(Sou  Fertility  Investigations),  Washington,  D.  C,  and  under 
date  of  September  28,  1920,  the  reply  was  "The  examination 
of  this  sample  of  fertilizer  in  the  Laboratory  here  shows  it 
to  be  practically  free  from  dicyanodiamide." 

Since  that  proportion  of  cyanamide  in  the  sample  submitted 
was  about  what  is  u.sed  in  fertilizer  manufacture,  the  result 
confirmed  our  experience  in  tlie  past;  namely,  that  in  general 
fertilizer  manufacture  no  dicyanodiamide  is  present  in  fer- 
tilizers as  shipped  to  the  trade  when  40  lbs.  of  cyanamide  are 
used  in  complete  goods  containing  8  per  cent  available  phos- 
phoric a(ud,  and  tliat  the  conclusion  reached  by  Harger  is  not 
confirmed  in  general  fertilizer  manufacture. 

'  I'rcsented  before  the  Division  of  Fertilizer  Chemistry  at  the  62nd 
Meeting  of  tlic  Amcriciin  Chemical  .Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 

5  This  Journal,  12  (1920).  1111. 
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Electrolytic  Recovery  of  Magnesium  from  Salt  Works  Residue' 

By  K.  S.  Boynton  and  Veme  Langford  with  J.  F.  G.  Hicks 

Department  of  Chbmistry.  Stanford  University.  Stanford,  California 


In  view  of  the  fact  that  the  raw  materials  and  power 
necessary  for  the  production  of  magnesium  at  a  compara- 
tively low  cost  are  to  be  found  on  the  Pacific  Coast,  the 
problem  of  producing  the  metal  from  these  raw  materials 
was  undertaken. 

R.\w  Mateeials 

In  the  experimental  work  crude  hydi'ated  magnesium 
cliloride,  commonly  called  "bittern,"  was  used  as  the  source 
of  magnesium.  Large  quantities  of  this  bittern  form  the 
residues  from  the  recovery  of  salt  from  sea  water.  The 
composition  is  as  follows: 

Per  cent 

Insoluble 0.05 

Ferric  and  aluminium  chlorides Trace 

Calcium  chloride 0 .  59 

MgClj.6HjO 94 .42 

Sodium  and  potassium  chlorides 4.32 

MgSOf.THjO 0.59 

Commercial  ammonium  chloride  and  sodium  cliloride  were 
used  as  dehydrating  agents.  Dehydration  of  the  magnesium 
cliloride  by  heating  it  alone  always  resulted  in  the  forma- 
tion of  basic  salts,  and  the  dehydrated  mass  was  wortliless 
for  electrolytic  purposes.  The  mixture  finally  selected 
contained; 

Parts 

MgCh.eHiO 10.0 

NaCl 1. 

NHiCl 1.0 

The  following  advantages  are  claimed  for  it: 

1 — Reduction  of  hydrolysis  to  a  minimum. 

2 — Minimum  amounts  of  sodium  and  ammonium  chlorides. 

3 — A  maximum  current  efficiency. 

4 — A  maximum  concentration  of  magnesium  in  the  bath,  for  electrolysis. 

5 — Lowest  viscosity  of  any  bath  tried. 

6 — Higher    percentage    yield. 

7 — Relatively   low   melting   point. 

Dehydration  of  Crude  Magnesium  Chloride 

This  mixture  was  dehydrated  by  heating  gradually  to 
200°  C.  in  a  revolving  steel  cylinder,  through  which  air  was 
forced  for  the  more  rapid  removal  of  steam  and  small  quan- 
tities of  hydrocliloric  acid  gas.  A  few  flint  pebbles  in  the 
cylinder  served  to  keep  the  mixture  broken  up.  The 
anhydrous  chlorides  were  heated  in  iron  pots  until  ammo- 
nium chloride  was  entirely  driven  off,  and  the  residue  had 
melted.  This  fusion  was  electrolyzed. 
Electrolysis 

Two  types  of  electrolytic  cell  were  used:  In  one,  both 
electrodes  were  carbon;  in  the  other,  the  anode  was  carbon 
and  the  cathode  iron.  Two  patterns  of  the  carbon-iron  cell, 
one  the  ordinary  cylindrical  pattern,  and  the  other  V-shaped, 
were  found  to  be  satisfactory.  The  carbon-carbon  cell 
jdelded  the  best  results  from  a  laboratory  standpoint,  but 
was  considered  impractical  for  work  on  a  large  scale. 

Electrolyses  were  conducted  in  an  atmosphere  of  Ulumi- 
nating  gas.  Obviously,  any  other  cheap  reducing  or  neutral 
atmosphere  would  answer  the  same  purpose.  It  was  possible 
to  produce  metal  at  a  minimum  voltage  of  4,  but  the  average 
for  eleven  runs  was  6.2.  As  only  a  small  generator  was 
available  for  these  experimental  runs,  the  average  amperage 
was  only  100. 

The  average  faraday  efficiency  for  eleven  runs  -uith  the 
iron  cylindrical  cell  was  30  per  cent,  and  the  average  time  was 
1.7  lirs.  After  readily  reproducible  conditions  were  obtained, 
it  was  a  comparatively  simple  matter  to  predict  the  yield 
of  a  given  run  to  within  25  per  cent  of  the  actual  yield. 

'  Received  August  18,  1921. 


Purification  of  the  Magnesium 
Metallic  magnesium  was  deposited  at  the  cathode  surface 
in  small  molten  globules  or  "shot,"  which  slowly  increased 
in  size  and  were  finally  detached  by  the  convection  currents 
set  up  in  the  bath.  These  currents  distributed  the  globules 
tliroughout  the  bath,  the  specific  gravity  of  which  was  very 
nearly  that  of  the  globules.  This  accounts  for  the  fact  that 
the  globules  could  be  skimmed  from  the  surface  of  the  bath 
or  scrajjod  from  the  bottom  of  the  cell  during  the  same  run. 

At  the  end  of  each  run  the  fusion  was  poured  into  a  mold, 
cooled  and  crushed,  and  the  metal  was  sieved  out.  The 
"buttons"  of  magnesium  varied  in  size  from  minute  spheres 
to  globules  weighing  over  half  a  gram. 

To  free  the  metal  from  occluded  flux,  carbon  particles, 
oxides,  etc.,  some  dehydrated  magnesium  chloride  was  fused 
in  a  carbon  crucible,  fitted  with  an  air-tight  lid  containing 
two  holes  to  permit  ingress  and  egress  of  illuminating  gas. 
The  magnesium  shot  were  thro'UTi  into  the  fused  mass  and 
the  lid  clamped  on  tightly.  The  degree  of  purification  of 
the  metal  is  shown  by  the  following  table: 


Crude  Magnesium 

Refined  Magnesium 

Per  cent 

Per  cent 

Insoluble 

Trace 

None 

Iron 

0.74 

0.42 

Aluminium 

Trace 

Trace 

Calcium 

Trace 

Trace 

MgO 

0.02 

Trace 

Magnesium 

99.24 

99.58 

Recovery  of  Vol.wilized  Ammonium  Chloride 

Some  experiments  were  made  on  the  possibility  of  re- 
covering the  ammonium  chloride  by  condensation.  Small 
amounts  of  moisture  very  markedly  lowered  the  efficiency 
of  tins  condensation  process,  although  better  than  50  per  cent 
recoveries  were  easily  attained. 

Estimate    of    Cost  of   Producing  Magnesium  on   San 
Francisco  Bay 

From  the  analysis  of  crude  "bittern"  it  will  be  seen  that, 
theoretically,  8.88  tons  (2000  lbs.)  of  this  raw  material  are 
required  to  produce  1  ton  of  magnesium.  Allowing  25  per 
cent  wastage  to  maintain  the  purity  of  the  electrolyte,  11.10 
tons  of  "bittern,"  1.64  tons  of  salt,  and  1.11  tons  of  ammo- 
nium cUoride  wiU  be  required  to  produce  a  ton  of  metal. 

dehydration — Since  hydrated  magnesium  chloride  con- 
tains 53.5  per  cent  of  water,  the  weight  of  water  in  11.10  tons 
of  raw  material  would  be  5.94  tons.  One  barrel  of  fuel  oil 
win  evaporate  1.3  tons  of  water  in  dehydrating  alum.  As 
the  "bittern"  loses  its  water  at  a  lower  temperature  than 
alum,  the  above  ratio  seems  to  be  a  safe  estimate.  At  this 
rate  4.57  bbls.,  or,  to  allow  10  per  cent  for  removal  of  addi- 
tional moisture  of  the  mixture,  5.02  bbls.  of  fuel  oU  would  be 
required  for  the  dehydration  of  sufficient  material  to  produce 
one  ton  of  magnesium. 

time  and  power  nticessary  to  deposit  one  ton  of  mag- 
nesium AT  A  FARADAY  EFFICIENCY  OF  30  PER  CENT — 1   fara- 

2000 
day  =  96,  500  coulombs  =0.0264  lb.  of  magnesium. 

=  75,757.57  faradays  =  7,310,605,-505  coulombs  per  ton  of 
magnesium. 

Therefore,  to  produce  1  ton  of  magnesium  24,368,685,010 
coulombs  would  be  needed. 

24,.368,685.010    ^   6,769,079  ampere  hours  to  produce    a  ton 
3600 

5Z£5 =    9401.4   ampere   months 

720  (hrs.  in  1  mo.) 
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9401.4  X  6  (volts)  =  56.41  kw.-mo. 
Allowing  25  per  cent  (14.10)  for  interruptions,  70.51  kw.- 
mo.  would  be  required  for  tlie  production  of  2000  lbs. 

FREIGHT    AND    HANDLING    OP    RAW    M.\TERIALS — TllC    plant 

would  be  witliin  a  few  miles  of  tlie  source  of  the  raw  material, 
hence  freight  and  liandling  would  be  a  comparatively  small 
item  of  expense.  For  eacli  ton  of  metal  produced,  18.85 
tons  of  material  would  need  to  be  freighted  and  handled. 

LABOR — Six  men,  including  a  chemist,  would  handle  the 
proposed  plant. 

OIL  FOR  HEATING  CELL — The  crudc  oil  for  outside  heating 
of  the  cell  would  be  required,  at  most,  during  one-fourth  of 
the  run.     For  this  heating  5  tons  would  be  required. 

CARBON  ANODES — About  200  Ibs.  of  carbon  anodes  would 
be  consumed  per  ton  of  metal. 


ILLUMINATING  GAS — Fop  a  Cell  of  Sufficient  size  to  produce 
a  ton  of  magnesium  in  720  hrs.,  50,000  cu.  ft.  of  illuminating 
gas  would  be  required  to  form  a  reducing  atmosphere  above 
the  electrolyte. 

Cost  oi*  Producing  1  Ton  op  Magnbsium 

Crude  MgCh.BHsO  11 . 1  tons  at  J30 . 00        $333.00 

Commercial  NH<C1  11 . 1  tonsat  S60.30        67.00 

Commercial  NaCI  1 .  64  tons  at  |i7 .  00         11.48 

Oil  for  dehydration  5.02  bbls.  at  $1.80         9.04 

Illuminating  gas  50,000  cu.  ft.  at  $0.50     25.00 

Electric  power  70.51  kw.-mo.  at  $4.00 282.04 

Oil  for  heating  cell  5  tons  at    $10.00          50.00 

Anode  carbon  200  lbs.  at  $0.04         8.00 

Freight  and  handling  of  raw 

materials  18.85  tons  at  $5.00     94.25 

Labor  6  men,  including  a  chemist    1000.00 

Total $1879.81 

1879  81 

—     -        =  ;P0.939  per  lb.  to  produce  a  ton  of  magnesium 


Loss  of  Carbon  Dioxide  from  Dough  as  an  Index  of  Flour  Strength" 

By  C.  H.  Bailey  and  Mildred  Weigley 

Division  of  Agricultural  Biochbmistry,  Minnesota  Agricultural  Experimsnt  Station,  University  Farm,  St.  Paul,  Minn. 


Flour  strength  studies  conducted  during  the  past  quarter 
century  have  usually  employed  as  the  ultimate  criterion  of 
'strength  the  comparative  physical  properties  of  yeast- 
leavened  loaves  of  bread  produced  on  baking.  Humphries 
and  Biffin^  suggest  that  "a  strong  wheat  is  one  which  yields 
flour  capable  of  making  large,  well-piled  loaves."  Quality 
of  the  loaves  is  thus  determined  by  their  size  or  volume,  and 
the  texture  and  other  related  properties  of  the  crumb.  Bak- 
ing tests,  however,  are  not  exact  procedures  which  yield 
uniform  results  when  the  same  materials  are  employed. 
Judgment  comes  into  play  to  a  considerable  extent,  and 
experts  sometimes  differ  in  their  opinion  of  the  relative  merits 
of  different  flours  which  are  being  compared.  Such  tests 
do  not  of  necessity  indicate  the  reasons  for  variations  that  are 
observed,  or  the  methods  for  effecting  desired  improvements. 
For  tliese  reasons  efforts  have  been  dii'ected  toward  develop- 
ing more  exact  methods  for  testing  the  properties  of  flour 
that  are  of  significance  in  tliis  connection.  The  work  re- 
ported in  this  paper  represents  an  attempt  in  this  general 
direction. 

Properties  that  Constitute  Strength 

A  consideration  of  the  factors  involved  in  the  production 
of  "large  well-piled"  loaves  suggested  to  one  of  the  authors^ 
that  "the  strength  of  flour  is  determined  by  the  ratio  between 
the  rate  of  production  of  carbon  dioxide  in  and  the  rate 
of  loss  of  carbon  dio.xide  from,  the  fermenting  mass  of  dough." 
The  absolute  rate  of  carbon  dioxide  production  in  doughs 
made  from  different  flours  \'aries,  to  be  sure,  through  fairly 
wide  limits.  When  known,  the  rate  can  be  varied  in  the 
desired  direction,  however,  by  adjustments  in  the  formula, 
and  particularly  in  the  proportions  of  yeast,  yeast  accelerators, 
salt,  fermentable  sugars,  and  diastase  preparations.  The 
retention  of  gas  is  much  more  difficult  to  bring  under  control, 
since  it  is  apparently  determined  in  large  measure  by  the 
percentage  and  physical  properties  of  the  gluten  proteins  in 
the  flour.  Hence,  in  testing  flours,  the  ratio  between  pro- 
duction and  loss  of  carbon  dioxide  apparently  becomes  of 
practical  significance,  and  this  was  the  point  attacked  in 
the  present  investigation. 

1  Presented  before  the  Division  of  Biological  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 

2  Published  with  the  approval  of  the  Director  as  Paper  No.  274,  Journal 
Series,  Minnesota  Agricultural  Experiment  Station. 

'  "The  Improvement  of  English  Wheat,"  J.  Agr.  Sii.,  2  (1907),  I. 
'  C.  H.  Bailey,  Tins  Journal,  8  (1916),  208. 


Character  op  Flours  Employed  in  Invesiigation 
Two  flours  were  employed,  a  "strong" '  flour  milled  from 
hard  spring  wheat,  and  a  "weak"  flour  milled  at  Spokane, 
Washington,  from  typical  soft  wheat  of  that  region.  The 
composition,  and  the  baking  qualities  of  the  two  flours, 
determined  by  the  method  previously  described  by  BaUey,'' 
are  shown  in  Table  I.  The  strong  flour  contained  a  materially 
higher  percentage  of  crude  protein,  and  on  baking  gave  a  loaf 
of  larger  volume  and  better  texture  than  did  the  weak  flour. 
The  differences  in  these  respects  were  considerable.  As  the 
flours  were  of  about  the  same  grade,  as  indicated  by  the  ash 
content  and  color  score,  they  were  well  suited  to  a  study  of 
properties  responsible  for  variations  in  baking  strength. 

Table  I — Analyses  and  Baring  Tests  op  Strong  and  Weak  Flours 

Expan- 

Crude  Volume  sim- 

Mois-      Protein  of  eter 

ture     (NX  5.7)     Ash        Loaf    Color   Tex-  Test 

Mark  Percent  Percent  Percent     Cc.    Score    ture    Cc. 

BS78,  weak  flour 10.88         8.00       0.52        1200       97        85     520 

Composite,  strong  flour     8.95       12.00       0.56        1580       98      100     910 

That  the  two  flours  also  varied  widely  in  colloidal  proper- 
ties was  established  by  the  procedure  developed  by  Gortner 
and  Sharp,^  in  which  the  change  in  viscosity  of  a  mixture 
of  water  and  on  the  addition  of  normal  lactic  acid  solution  is 
traced  by  a  MacMichael  viscosimeter.  Table  H  gives  the 
results  of  this  test.'  Quite  evidently  there  are  decided  differ- 
ences in  the  properties  of  these  two  flours  which  are  res])onsible 
for  variations  in  the  viscosity  of  such  preparations.     The 

Table  II— Viscosity  in  MacMichael  Degrees  op  Flour  and  Water 

Mixtures  of  Weak  and  Strong  Flours 

(Mixture  contained  equivalent  of  25  g.  dry  matter  -f  100  cc.  water) 

Normal  Lactic  Weak  Flour                      Strong  Flour 

Acid  Added  (B878)                               (Composite) 

Cc.  Degrees  MacMichael         Degrees  MacMichael 

0.0  32                                        68 

0.5  32                                        73 

1.0  38                                      104 

1.5  43                                       135 

2.0  50                                      161 

2.5  53                                      183 

3.0  56                                         196 

4,0  60                                         212 

5.0  61                                         221 

6.0  62                                         222 

8.0  62                                         222 

10.0  61                                          219 

*  "The  Physicochemical  Properties  of  .Strong  and  Weak  Flours.  Ill— 
Viscosity  as  a  Measure  of  Hydration  Capacity  and  the  Relation  of  the 
Ilydrogen-Ion  Concentration  to  Imbibition  iu  the  Different  Acids."  Pre- 
scnted  before  the  Division  of  Physical  and  Inorganic  Chemistry  at  the  62nd 
.Meeting,  A.  C.  S.,  New  York,  N.  Y.,  September  0  to  10,  1921. 

'  Determinations  made  by  Paul  F.  Sharp. 
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flour  which  is  regarded  as  "strong"  on  the  basis  of  the  baking 
tests  gives  a  much  more  viscous  preparation  when  mixed  with 
water  and  lactic  acid  than  does  the  weak  flour. 

Method  of  Deterrhning  Loss  of  Carbon  Dioxide 
FROM  Dough 

The  two  flours  were  mixed  into  doughs  witli  a  mechanical 
dough  mixer,  using  the  following  formula: 

Grams 

Flour 350.0 

Yeast 4.25 

Salt 5.25 

Sugar 8.75 

Water SufEcient 

The  water  used  in  preparing  the  weak  flour  dougli  was 
equivalent  to  an  average  of  56  cc.  per  100  g.  of  flour,  wliile 
with  the  strong  flour  an  average  of  61.1  cc.  per  100  g.  of  flour 
was  used.  These  proportions  of  water  resulted  in  doughs 
of  as  nearly  the  same  consistency  as  could  be  produced  with 
flours  of  such  different  properties. 

Two  series  of  determinations  were  made  with  these  doughs. 
In  the  first,  the  dough  was  divided  into  aliquot  parts,  and  the 
determination  of  the  diffusion  of  carbon  dioxide  out  of  the 
dough  was  begun  without  any  preliminary  fermentation. 
Such  doughs  are  referred  to  in  the  following  discussion  as 
"no  previous  fermentation"  doughs.  After  removal  from  the 
mixer,  the  other  series  of  doughs  were  allowed  to  ferment 
for  se\'eral  hours  in  a  thermostat  at  28°  C.  before  the  diffusion 
of  carbon  dioxide  was  determined.  These  doughs  are  desig- 
nated as  "normally  fermented."  The  fermentation  period 
varied  somewhat,  averaging  274  min.  in  the  case  of  the  strong 
flour  and  248  min.  in  the  case  of  the  weak  flour.  During 
this  period  the  doughs  were  "punched"  or  worked  lightly 
three  times.  At  the  end  of  the  period  the  doughs  were  re- 
garded as  ready  for  molding  into  loaves,  and  were  accordingly 
imeaded  vigorously  on  the  bread  board  to  remove  as  much  as 
possible  of  the  occluded  gas. 

In  both  series  the  doughs  were  weighed,  and  tliree  aliquot 
portions  were  scaled  off,  each  representing  one-seventh  of  the 
total  dough,  or  50  g.  of  flour.  All  three  portions  were  sub- 
jected to  the  same  treatment  with  respect  to  kneading  and 
molding.  The  first  was  dropped  into  a  1000-cc.  measuring 
cylinder  which  contained  600  cc.  of  water  and  its  volume  was 
determined  by  the  rise  in  the  water  level.  The  second  portion 
was  molded  into  a  cylmdrical  form  and  placed  in  a  dry  250-cc. 
measuring  cylinder  where  its  suljsequent  volume  could  be 
determined  as  fermentation  proceeded.  The  third  portion 
was  molded  to  fit  a  sh.iUow  non  pan,  about  7  cm.  in  diameter 
and  1.8  cm.  deep.  Tliis  quantity  of  dough  filled  the  round 
pan  about  level  full  when  firmed  down.  The  pan  was 
covered  with  a  ground  glass  plate  in  an  in\'erted  dialyzer. 
The  plate  and  the  neck  of  the  dialyzer  were  fitted  with  tubes 
as  shown  in  Fig.  1.  Both  tubes  were  tightly  sealed  in  place 
with  wax  and,  when  the  glass  plate  was  vaselined  and  seated, 
constituted  the  only  means  for  the  passage  of  gases  into  and 
out  of  the  apparatus.  The  entire  apparatus  was  placed  in  an 
air  thermostat  mamtained  at  34°  C.  (93.2°  F.). 

The  inlet  tube  in  the  plate  was  connected  to  a  source  of 
moist,  COo-ffee  air  at  34°  C.  (This  air  had  been  bubbled 
through  50  per  cent  sodium  hydroxide  solution,  and  then 
through  water  into  a  large  cylinder  where  it  attained  the 
temperature  of  the  thermostat  before  entering  the  dialyzer 
or  fermentation  chamber.)  The  outlet  tube  was  connected 
to  a  Truog'  tower  as  modified  by  Bailey,'  where  the  carbon 
dioxide  was  absorbed  in  a  known  amount  of  barium  hydroxide 
solution.    The  residual  barium  hj'droxide  was  determined  at 

'  This  Journal,  7  (1915),  1045. 

»  "Respiration  of  Shelled  Corn,"  Minnesota  Agricultural  Experiment 
Station,  Technical  Bulletin  3. 


the  end  of  the  absorption  period  Ijy  titration  with  standard 
hydrocliloric  acid  solution.  The  titration  data  were  cal- 
culated over  into  terms  of  inDligrams  of  carbon  dioxide. 

It  was  customary  in  these  experiments  to  collect  the  gas 
given  off  during  a  period  of  exactly  30  min.,  then  to  switch 


CO,  free 


ibsorpTio 


Fig.  1 — Chamber  and  Dough  Arranged  for  Determination  of  Loss 
OF  Carbon  Dioxide  during  Fermentation 

the  outlet  tube  to  another  Truog  tower,  where  the  gas  was 
collected  for  another  30-min.  period.  Dming  the  second 
period  it  was  possible  to  determine  the  residual  barium  hydrox- 
ide in  the  first  tower,  and  recharge  it  for  the  third  30-min. 
period.  In  this  way  two  towers  served  for  the  determination 
by  30-inin.  periods  of  the  gas  diffusing  out  of  each  dough  iintU 
it  definitely  "fell"  or  partly  collapsed.  At  the  end  of  each 
period  the  volume  of  the  dough  in  the  graduated  cylinder 
was  noted,  and  these  values,  minus  the  initial  ^'olume  of  the 
same  dough,  represented  the  increase  in  volume  due  to  re- 
tention or  occlusion  of  the  gases  of  fermentation.  The 
maximum  volume  attained  by  each  dough  was  recorded. 
Relation  of  Strength  to  Gas  Retention 
Table  III  and  Figs.  2  and  3  give  the  average  data  obtained 
with  the  strong  and  weak  flours.  From  five  to  nine  rephcates 
are  included  in  each  set  of  averages  in  the  table.  Two  series 
of  comparisons  are  thus  afforded:  (o)  The  loss  of  carbon  diox- 
ide from  the  doughs  per  unit  of  time,  and  (b)  the  expansion 
of  the  dough  per  unit  of  time.  The  graphs  establish  the  fact 
that  the  weak  flour  dough  consistently  lost  more  carbon 
dioxide  per  unit  of  time  than  did  the  strong  flour  dough. 
The  largest  relative  difference  is  found  at  the  end  of  120  min. 
in  the  doughs  not  previously  fermented  when  the  strong  flour 
dough  had  lost  a  total  of  only  56.6  mg.  of  carbon  dioxide 
in  expanding  140  cc,  while  the  weak  flour  dough  had  lost  a 
total  of  113.0  mg.  of  carbon  dioxide  in  expanding  120  cc. 
Less  difference  in  tlie  loss  of  carbon  dioxide  per  unit  of  time 
was  found  when  the  strong  and  weak  flour  doughs  fermented 
normally  were  compared.  Such  ditTerences  as  existed  were 
uniformly  in  the  direction  of  smaller  losses  from  the  strong 
flour  dough.  The  total  losses  of  carbon  dioxide  up  to  the  time 
of  falling  or  coUapse  of  the  two  doughs  were  apparently  about 
the  same  in  both  cases,  but  owing  to  the  difficulty  in  judging  of 
the  exact  time  when  such  a  collapse  or  fall  occurred,  it  was 
impossible  to  determine  with  precision  the  total  loss  of  gas 
up  to  that  time.  The  general  shape  of  the  curves,  the  dis- 
tance between  them,  and  the  quantity  of  gas  lost  up  to  the 
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point  wliere  the  curves  begin  to  "break"  or  change  shape 
sliarply  appear  of  more  significance  tlian  the  quantity  of  gas 
lost  up  to  the  time  of  apparent  collapse  of  the  dough. 
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Fig.  2 — Loss  of  Carbon  Dioxidb  from  Dough  per  Unit  of  Time 

The  rate  of  expansion  of  the  strong  flour  dough  was  con- 
siderably greater  than  that  of  the  weak  flour  dough.  This 
is  usual  in  such  instances  when  an  adequate  quantity  of  sugar 
is  included  in  the  formula.  In  the  case  of  each  flour,  the 
normally  fermented  doughs  exhibited  greater  differences  than 
the  doughs  not  pre^dously  fermented.  This  was  due  to  the 
fact  that  both  of  the  weak  flour  doughs  expanded  to  iibout 
the  same  maxmium  volume,  while  the  strong  flour  normally 
fermented  dough  expanded  considerably  more  than  the  strong 
flour  dough  not  previously  fermented. 

TaBLB    III AVERAGB    LoSS    OF    CARBON    DlOXIDE    PROM,    AND    CHANGE    IN 

Volume  of,  Doughs  Made  from  Strong  and  Weak  Flours 

Strong  Flour .  . Weak  Flour , 

Total 

Carbon      Total     Increase  in 

Dioxide  Volume    Volume  of 

Loss     of  Dough      Dough 


Time 
Min. 

0 

30 

BO 

90 

120 

150 

180 

0 

30 

60 

90 

120 


Total 

Carbon     Total     Increase  in 
Dioxide   Volume    Volume  of 

Loss      of  Dough      Dough      Time 


Mg. 


15.1 
29,6 
41.9 
56,6 
81,8 
143.9 


■27.4 

64,9 

101.6 

131,4 


Cc. 

63 
78 
113 
165 
203 
226 
226 

71 
145 
219 
254 
266 


Cc. 


Min. 


Mg. 


A^o   previous  fermentation 


0 
15 
50 
102 
140 
163 
163 


0 

30 

60 

90 

120 

150 


25.4 

46.3 

74.0 

113.0 

154.7 


Fermented  normally 

0  0 

74  30 

148  00 

183  90 

195 


31.0 
71.0 
133.6 


Cc. 

63 
74 
101 
144 
183 
192 


62 
128 
176 
189 


Cc. 

0 

9 

38 

81 

120 

129 


0 

46 

114 

127 


The  data  presented  in  Figs.  2  and  3  are  combined  in  Fig.  4 
and  the  losses  of  carbon  dioxide  are  plotted  against  the  change 
in  volume  of  the  corresjionding  dough.  Tiiese  data  appear 
to  be  the  most  significant  in  this  connection  and  establish 
considerable  differences  in  the  i)roperties  of  the  strong  and 
weak  flour  doughs.  It  is  evident  that  the  weak  flour  dougli 
lost  decidedly  more  carbon  dioxide  per  unit  increase  in  volume 
from  tlic  start,  and  tliat  when  the  dough  began  to  collapse 
and  break  down  it  discharged  carbon  dioxide  into  the  sur- 
rounding atmosphere  at  a  much  greater  rate  than  did  the 


strong  flour  dough.  Thus  when  the  normaUy  fermented 
strong  and  weak  flour  doughs  had  expanded  80  cc.  they  had 
lost  30  and  42  mg.  of  carbon  dioxide,  respectively,  and  when 
they  had  expanded  120  cc.  they  had  lost  50  and  100  mg. 
Even  greater  differences  between  the  two  flours  are  observed 
when  the  doughs  not  previously  fermented  are  compared. 

Changes  in  Expansion  and  Gas  Retention  of  Dough  as 
Result  of  Feementation 

Fig.  3  affords  an  interesting  comparison  of  the  strong  and 
weak  flour  doughs  as  affected  by  previous  fermentation. 
Both  weak  flour  doughs  expanded  to  the  same  extent,  while 
corresponding  strong  flour  doughs  expanded  163  cc.  when  not 
previously  fermented  and  195  cc.  when  fermented  normally. 
This  suggests  that  fermentation  effects  more  improvement 
in  the  properties  of  a  strong  flour  dough  than  is  brought 
about  by  a  similar  treatment  of  a  weak  flour  dough. 

The  maximum  volumes  attained  by  the  strong  and  weak 
flour  doughs  fermented  normally  difi'er  in  the  usual  direction. 
The  curve  representing  expansion  of  the  weak  flour  dough 
rises  less  rapidly  and  breaks  earlier  and  more  sharply  than  the 
corresponding  curve  for  the  strong  flour  dough.  Instances 
have  been  occasionaUj'  observed  in  this  laboratory  where  such 
a  relation  did  not  exist.  For  example,  in  comparing  certain 
clear  grade  flours  with  the  patent  grade  from  the  same  mill, 
the  clear  grade  dough  would  sometimes  expand  more  rapidly 
and  to  a  slightly  greater  maximum,  although  other  aliquot 
portions  of  the  same  doughs  when  baked  gave  larger,  better- 
textured  loaves  from  the  patent  flour  dougli.  For  this  reason 
some  doubt  has  been  cast  upon  tlie  accuracy  of  a  simple 
expansion  test  as  an  index  of  baking  quality.  Such  data, 
considered  in  connection  with  the  losses  of  carbon  dioxide, 
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Fig,  3 — Rate  of  Kxpansion  of  Strong  and  Whak  Fi.ous  Doughs 
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are  of  service  in  indicating  the  rate  of  gas  production  in  the 
dough,  which  is  one  of  the  significant  factors  in  determining 
baking  strength. 

The  curves  also  indicate  a  decided  difference  in  the  rate  of 
expansion  of  the  doughs  immediately  after  mixing  (no 
previous  fermentation)  and  similar  doughs  after  normally 
fermenting  for  several  hours.     The  former  expanded  slowly 
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during  the  first  hour,  more  rapidly  during  the  second  hour, 
and  continued  to  expand  somewhat  during  part  or  all  of  the 
third  hour.  Doughs  normally  fermented,  on  the  other  hand, 
expanded  more  rapidly  during  the  initial  period,  and  exhibited 
a  diminisliing  rate  during  each  successive  period.  They 
always  reached  their  maxinnun  volume  .sooner  than  the 
doughs  not  previously  fermented  which  were  made  with 
the  same  flour,  and  tended  to  collapse  or  fall  more  suddenly. 
The  relatively  slow  expansion  of  the  doughs  not  previously 
fermented  cannot  be  attributed  to  excessive  loss  of  carbon 
dioxide  during  this  time,  for  reference  to  Fig.  3  establishes 
the  fact  that  tliey  actually  lost  less  carbon  dioxide  per  unit 
of  time  than  the  normally  fermented  doughs.  It  is  not  likely 
that  the  fermentation  rate,  and  consequently  the  quantity 
of  carbon  dio.xide  produced  in  the  dough,  is  reduced  in  any 
such  proportion  as  is  observed  in  the  expansion  of  these 
doughs.  This  suggests  that  a  part  of  the  carbon  dioxide 
produced  at  the  outset  becomes  "dissolved"  in  the  dough 
without  effecting  an  appreciable  expansion  of  the  mass. 
In  fact,  it  may  be  that  "ripening"  of  the  dough  and  its 
readiness  for  molding  into  loaves  is  in  part  related  to  the 
progressive  solution  of  carbon  dioxide  in  the  dough  during 
fermentation.  Such  dissolved  carbon  dioxide  would  consti- 
tute a  reservoir  of  gas  largely  available  for  effecting  the 
expansion  or  spring  of  dough  when  placed  in  the  oven  for 
baking,  since  it  would  tend  to  distil  into  the  vesicles  already 
present  in  the  interior  of  the  mass  and  to  extend  or  enlarge 
their  volume.  So  far  as  we  are  aware,  there  are  no  published 
data  relating  to  the  proportion  of  free  or  gaseous  carbon  diox- 
ide in  the  vesicles  and  of  dissolved  carbon  dioxide  in  the  dough, 
and  it  appears  desirable  to  study  the  fermentation  of  bread 
doughs  from  that  angle  to  ascertain  (a)  whether  such  a 
progressive  solution  of  carbon  dioxide  in  the  dough  occurs 
and  (6)  whether  significant  variations  exist  in  the  quantity 
of  carbon  dioxide  dissolved  in  different  doughs. 

After  the  dough  has  fermented  several  hours  and  is  ready 
to  be  molded  into  loaves,  it  is  probably  saturated  with  carbon 
dioxide.  All  the  carbon  dioxide  subsequently  produced  will 
be  occluded  and  serve  to  expand  the  mass,  or  will  diffuse  or 
be  discharged  into  the  atmosphere.  Assuming  that  the 
expansion  of  fermented  doughs  is  accomplished  by  the  occlu- 
sion of  carbon  dioxide  resulting  from  fermentation  and 
assuming  further  that  such  carbon  dioxide  is  under  atmos- 


pheric pressure  of  about  730  mm.  in  the  dough  at  a  temper- 
ature of  about  30°  C,  it  follows  that  each  milligram  of  carbon 
dioxide  wiU  expand  the  dough  0..59  cc.  Thus  each  cubic 
centimeter  of  increased  volume  ^vUl  represent  at  least  1.7 
mg.  of  carbon  dioxide.  The  normally  fermented  strong 
flour  dough  in  expanding  120  cc.  thus  occluded  at  least  204 
mg.  of  carbon  dioxide  and  lost  about  40  mg.  The  ratio  of 
gas  lost  to  total  gas  produced  was  thus  about  40:244,  or 
approximately  1  : 6.  The  corresijonding  weak  flour  dough, 
in  occluding  204  mg.  of  carbon  dioxide  and  expanding  120 
cc,  lost  about  100  mg.  of  carbon  dioxide,  a  ratio  of  100  :  304 
or  about  2:6.  While  these  ratios  are  not  precise  because 
they  are  based  on  certain  assumptions,  they  appear  to  be  of 
service  in  estabUshing  significant  differences  in  the  properties 
of  such  flours. 

Summary 

Strength  of  flour  is  apparently  determined  by  the  factors 
which  control  the  rate  of  carbon  dioxide  production  in,  and 
loss  of  carbon  dio.xide  from,  fermenting  dough.  The  loss 
of  carbon  dioxide  per  unit  increase  in  volume  under  controlled 
conditions  affords  a  useful  measure  of  the  gas-holding  capacity 
of  dough.  A  procedure  is  described  by  means  of  which  such 
data  may  be  obtained  for  comparing  different  flours. 

It  is  further  suggested  that  "ripening"  of  dough  during 
fermentation  may  be  in  part  the  result  of  solution  in  the 
dough  of  carbon  dioxide,  which  may  later  become  available 
for  expanding  the  loaf  when  the  latter  is  placed  in  the  oven  to 
bake. 


Report  of  American  Committee  on  Electrolysis 

The  American  Committee  on  Electrolysis,  which  is  made  up 
of  representatives  of  the  large  national  associations  of  public 
utility  corporations  and  of  the  Bureau  of  Standards,  has  recently 
issued  its  second  report.  The  report  includes  discussions  of 
design,  construction,  operation  and  maintenance  of  underground 
structures  affected  by  electrolysis,  as  well  as  discussions  of 
electrolysis  surveys  and  apparatus  for  electrolysis  testing.  It 
concludes  with  an  analysis  of  present  European  practice  relating 
to  electrolysis  mitigation,  and  an  outline  of  researches  which 
the  committee  consider  necessary  in  this  connection. 

This  report  is  for  sale  by  the  American  Institute  of  Electrical 
Engineers,  .3.3  West  39th  St.,  New  York  City,  at  one  dollar  per 
copy. 


The  United  States  Civil  Service  Commission  has  announced 
examinations  for  chemical  technologist  at  $3600  to  $5000  a 
year,  associate  chemical  technologist  at  $2500  to  $3600  a  year, 
and  assistant  chemical  technologist  at  $1800  to  $2500  a  year  to 
fill  vacancies  in  the  Chemical  Warfare  Service,  Edgewood  Arsenal, 
Md.  Applicants  must  qualify  in  at  least  one  of  the  following 
branches  of  chemistry:  advanced  inorganic,  analytical,  biologi-' 
cal,  explosives,  metallurgical,  organic,  pharmaceutical,  physical, 
and  engineering.     Applications  must  be  filed  before  February  14. 

Examinations  have  also  been  announced  for  assistant  examiner. 
Patent  Office,  at  SLTOO  a  year,  to  take  place  February  8,  9,  and 
10  and  March  22,  23,  and  24.  Competitors  will  be  rated  on  the 
following  subjects:  mathematics,  physics,  mechanical  drawings, 
language,  technics,  and  optional  subject  chosen  from  one  of  the 
following;  mechanical  engineering,  civil  engineering,  electrical 
engineering,  general  chemistry,  electrochemistry,  and  chemical 
engineering. 


A  short  course  in  pulp  and  paper  manufacture  is  to  be  given 
next  year  at  the  New  York  State  College  of  Forestry  at  Syracuse 
University.  The  course  will  include  elementary  chemistry, 
elementary  forestry,  principles  of  pulp  and  paper  manufacture, 
pulp  and  paper  mill  machinery,  manufacture  and  testing  of  pulp 
and  paper  mill  chemicals,  manufacture  of  pulp  and  paper,  practi- 
cal paper  testing,  identification  of  woods  and  fibers,  lectures, 
talks,  and  round-table  discussion  by  prominent  men  in  the  indus- 
try, and  inspection  trips  to  a  number  of  the  larger  mills  and 
mill  equipment  manufacturers  of  New  York  State. 
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ADDRESSES  AND  CONTRIBUTED  ARTICLES 

Possibilities  of  the  Plant  Growth  of  the  Moist  Tropics  to  Furnish 

Materials  for  Liquid  Fuel' 

(ABSTRACT] 

By  H.  N.  Whitford 
Yale  School  of  Forestry.  Yale  University,  New  Haven.  Connecticut 


The  future  scarcity  of  the  country's  liquid  fuel  supply  is  now 
so  apparent  that  the  question  of  its  early  replacement  has 
become  a  vital  problem  in  natural  economics.  A  question 
involving  the  annual  synthesis  of  some  4,900,000,000  gallons 
of  a  feasible  gasoline  substitute  calls  for  the  development  of 
new  ideas  and  new  sources  of  energy.  Our  one  great  source  of 
energy  is  undoubtedly  that  of  the  sun.  How  can  this  source 
best  be  utilized?  Obviously  in  the  growth  of  plant  life  from 
which,  in  turn,  alcohol  and  other  fuels  may  be  made. 

The  present  paper  is  intended  to  consider  the  possibilities  of 
the  tropics  as  a  source  of  transformed  solar  energy  capable  of 
being  utilized  for  the  production  of  liquid  fuel. 

Forest  Crops 

WOOD  CROPS — The  raw  material  which  is  most  abundant  as 
a  product  of  the  energy  of  the  sun  is  wood  and  the  moist  regions 
of  all  tropical  countries  still  contain  vast  areas  covered  with 
virgin  forests.  Only  in  the  moist  tropics  is  growth  so  rapid 
that  enormous  crops  of  wood  could  be  raised  in  short  time, 
in  order  that  quantities  of  wood  sufBcient  to  supply  a  large 
alcohol-producing  plant  could  be  raised  on  a  small  area.  In 
temperate  regions  nature's  cellulose-producing  factory  is  work- 
ing only  part  time;  in  the  moist  tropics,  because  of  continuous 
heat  and  available  moisture,  it  is  running  full  time.  Besides, 
the  energy  of  the  tropical  sun  is  greater.  Theoretically  the  moist 
tropics  should  have  two  or  more  times  the  capacity  to  produce 
a  given  quantity  of  cellulose  in  a  given  time  than  temperate 
regions.  Practically  such  is  the  case.  Measurements  of  cer- 
tain species  of  soft  hardwoods  in  the  tropics  indicate  that  they 
grow  from  three  to  five  times  as  rapidly  as  such  woods  as  Cot- 
tonwood and  white  birch  in  our  climates.  One  acre  of  ground 
in  the  tropics  can  be  made  to  yield  as  much  timber  in  a  given 
time  as  five  or  more  acres  in  temperate  regions,  and,  other  things 
being  equal,  the  cost  of  assembling  this  raw  material  at  the 
factory  would  he  greatly  reduced. 

BAMBOO  CROPS — Measurements  made  in  the  Philippines 
show  that  culms  of  certain  species  of  bamboo  will  attain  a  height 
of  from  66  to  82  'eet  in  a  single  season;  most  of  the  growth 
takes  place  during  three  months.'  Two  to  three  years  are  re- 
quired for  the  culms  to  harden. 

Areas  of  wild  small  bamboo  in  the  Philippines  with  an  average 
height  of  43  feet  in  one  season  are  known  to  yield  enough  mate- 
rial to  make  7  tons  of  pulp  per  acre,  the  cost  of  which  for  cutting 
and  transporting  by  admittedly  crude  methods  is  $1.2.5  per  ton. 
A  calculation  of  the  acreage  necessary  to  produce  from  this 
source  7,500,000,000  gallons  of  alcohol  (the  estimated  equivalent 
of  the  present  annual  consumption  of  4,900,000,000  gallons 
of  crude  oil)  is  included  in  Table  I.  These  figures  are  crude 
and  are  given  only  to  indicate  the  possibilities.  Unfortunately 
we  know  httle  (it  nothing  concerning  the  areas  of  bamboo  in  the 
tropics.     In  the  eastern  tropics  it  is  found  in  pure  stands  or 

I  Presented  before  the  Section  of  Cellulose  Chemistry  at  the  61st 
Meeting  of  the  American  Chemical  Society,  Rochester,  N.  Y.,  April  26  to 
29,  1921. 

'  W.  H.  Brown  and  A.  F.  Fisher,  ''Philippine  Bamboos,"  nnreau  of 
Forestry,  Manila,  P.  I.,  Bulletin  IS  (1918). 


14  long  tons 
7  short  tons 

280  gal. 

27,000,000 
(42,200  sq.  mi.) 

7,500.000,000  gal. 

81,000,000 
(126,600  sq.  mi.) 
S0.03V8 


mi.\ed  with  hardwoods  over  vast  areas,  while  in  the  western 
tropics  it  is  of  very  limited  occurrence. 

Table  I — Yield  from  Small-Sized  Bamboo  Forests  in  the  Philippines''' 

Average  yield  per  acre  of  dry  material 

Average  yield  per  acre  of  pulp 

Estimated  average  yield  per  acre  of  alcohol  @  40 

gallons  to  ton  of  pulp 
Acreage  necessary  to  produce  heat  equivalent  to 

1920  production  of  gasoline  in  United  States 

Amount  of  alcohol  from  this  area 
Acreage  necessary  on  3  years'  rotation 

Average  cost  of  raw  material  per  gallon  of  alcohol 

If  we  are  to  depend  on  bamboo  for  paper  pulp  or  for  alcohol, 
planted  crops  must  be  raised.  A  rough  estimate  of  the  cost 
of  bringing  them  to  maturity  (5  years)  is  about  $26  per  acre, 
but  when  once  established  and  properly  managed  such  plantings 
could  be  made  to  yield  crops  indefinitely.'  The  yield  per  acre 
might  perhaps  be  doubled  and  the  acreage  reduced  one-half 
by  selecting  larger  species.  It  is  of  interest  that  in  the  Phil- 
ippines alone  there  are  some  68,000  square  miles  of  cut-over 
waste  lands  in  grass  and  second  growth  forests  that  might  be 
made    available. 

NIPA  PALM — While  alcohol  can  be  obtained  from  the  inflores- 
cent  stalk  of  many  palms,  the  nipa  seems  to  be  best  adapted 
for  its  commercial  production,  because,  in  the  first  place,  it 
is  grown  in  pure  stands  as  part  of  the  mangrove  swamps  of  the 
tidewater  regions  throughout  the  Indo-Malay  region.  Secondly, 
it  has  no  distinct  above-ground  stem,  and  its  flower  stalk  is 
near  the  ground;  consequently  the  alcohol  can  be  collected 
easily  and  cheaply.  The  plant  reaches  maturity  in  4  to  5  years. 
Without  going  into  the  different  items  in  detail.  Table  II  will 
show  the  yield  per  acre  and  costs  of  the  raw  material  per  gallon 
of  90  per  cent  alcohol. <•'.• 

Table  II — Yield  and  Cost  of  Alcohol  from   Nipa   Palm 
750  plants  per  hectare  that  can  product  sap 
43  liters  of  sap  per  plant  per  season 
32,250  liters  of  sap  per  hectare 
6.5  per  cent  of  sap  =  alcohol 
2096  liters  of  alcohol  per  hectare  =  about  210  gallons  of 

alcohol  per  acre 
Cost  of  raw  material  per  gallon  of  alcohol,  12  cents 

One  distillery  (1911)  was  actually  producing  93  per  cent 
alcohol  at  a  cost  of  about  20  cents  a  gallon  on  a  12-hour  basis. 
If  run  24  hours,  it  is  estimated  that  this  plant  could  produce 
alcohol  at  a  cost  of  about  15  cents  per  gallon." 

The  annual  i)roduction  of  nipa  alcohol  in  the  Philippines  is 
near  to  3,000,000  gallons  and  only  a  small  part  of  the  entire 
area  is  under  production,  part  of  which  is  planted  The  largest 
continuous  area  of  nipa  palm  in  the  Philippines  is  about  22,000 
acres.     Unfortunately   no   data   are   available   concerning   the 

'  G.  F.  Richmond,  "Philippine  Fibers  and  Fibrous  Substances.  Their 
Suitability  for  I'npLT  Making."  Philippine  J.  Sci.,  1  (1900),  1.33;  Part  II, 
1,  1075;    Part  III.  Sect.  A.  2  U907),  SI;  Sect.  A,  5  (1910),  233. 

*  W.  H.  Brown  and  A.  F.  Fisher,  "Philippine  Mangrove  Swamps," 
Bureau  of  Forestry,  Manila,  P.  I.,  Biillelin  17  (1918). 

'  W.  H.  Brown  and  IC.  U.  Merrill,  "Philippine  Palms  and  Palm  Protl 
nets,"  Bureau  of  Forestry.  Manila,  P.  I.,  Bulletin  18  tl919). 

'  H.  D.  Gibbs,  "The  Alcohol  Industry  of  the  Philiijpine  Islands.  Part 
I,"  riiitippine  J.  Sci.,  Sect.  A.  6  (1911).  99. 
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total  acreage.  Much  more  extensive  areas  are  known  to  exist 
in  Borneo,  and  the  lumbering  concern  mentioned  above  is 
planning  to  utilize  these  for  the  production  of  alcohol.  To 
equal  the  equivalent  of  5,000,000  gallons  of  gasoline  produced 
in  the  United  States  in  1920  would  require  an  area  of  more 
than  50,000  square  miles.  If  all  the  tidal  swamps  of  the  Indo- 
Malay  tropics  were  planted  to  nipa  the  area  available  would 
probably  fall  far  short  of  this.  Nevertheless  the  possibilities 
of  utilizing  the  present  areas  and  enlarging  them  for  the  pro- 
duction of  alcohol  is  worth  considering. 

WILD  GRASSES — About  40  per  cent  (18,000  square  miles) 
of  the  deforested  area  of  the  Philippines  is  covered  by  two  wild 
grasses,  viz.,  cogon  (Intperala  exallala),  known  in  other  parts 
of  the  Malay  regions  as  langlang  grass,  and  talahib  (Saccharum 
spontaneum) .  Experiments  indicate  that  these,  especially 
cogon,  compare  very  favorably  with  esparto  grass  in  regard 
to  yield  of  pulp,  averaging  about  45  per  cent  by  the  soda  process. 
The  cogon  is  a  grass  5  or  6  feet  in  height  and  is  found  in  the 
drier  soils,  while  talahib,  found  in  the  damper  soils,  reaches  a 
height  of  9  to  10  feet.  In  some  parts  these  grasses  could  be 
made  to  yield  two  crops  per  year.  Unfortunately,  no  figures 
are  available  for  their  average  acre  yield. 

In  other  parts  of  the  tropics  there  are  large  areas  covered 
■with  grasses  that  might  be  suitable  for  paper  making  and  possibly 
alcohol,  among  which  may  be  mentioned  the  cana  brava  (Gy- 
nerium  sagiltatum),  a  large  bamboo-like  grass  found  throughout 
the  moist  tropical  climate  of  America.  It  is  cultivated  in  many 
parts,  especially  Columbia  and  Venezuela,  for  construction 
purposes. 

Agricultural  Crops 

Unfortunately,  reliable  average  statistics  concerning  the 
cultivation  in  tropical  regions  of  strictly  staple  agricultural 
crops  are  not  available.  The  figures  given  below  are  therefore 
subject  to  correction  as  additional  information  becomes  available. 

CASSAVA  (Maw;7iof)— Cassava  is  a  woody  plant  4  to  10 
feet  in  height  whose  roots  contain  large  quantities  of  starch. 
Crops  can  be  grown  in  6  months,  but  the  best  results  are  obtain- 
able from  9  to  11  months.  Figures  on  the  yield  per  acre  vary 
greatly,  but  reliable  figures  from  Florida,'  British  Guiana,*  and 
Brazil,*  indicate  10  tons  per  acre  as  an  average.  This  would 
vary  according  to  soil  conditions.  According  to  the  Imperial 
Institute,'  the  yield  per  ton  is  30  to  35  gallons  of  95  per  cent 
alcohol.  The  cost  of  the  raw  material  in  Florida  before  the 
war,  delivered  at  starch  factories,  was  $8.00  per  ton,  but  in 
tropical  regions  it  is  probably  much  lower  than  this.  Costs 
and  yields  are  tabulated  in  Table  III. 

TablB  III — Cost  and  Yiblds  of  Cassava 

■Vield  per  acre  of  roots  i? '°°^ 

Cost  of  raw  material  per  ton  »o 

Per  ton  yield  of  alcohol  ■SO  S^j- 

Per  acre  yield  of  alcohol  ,,     ^,  ,fi°/^f<, 

Cost  of  raw  material  per  gallon  of  alcohol  I6Vi  cts. 
Acreage  necessary  to  raise  the  equivalent  of  the  1920 

production  of  alcohol  in  U.  S.  .■Vnonn  „    ™i  ^ 

(about  40,000  sq.  mi.) 

It  is  the  author's  opinion  that  of  all  agricultural  crops  this  is 
one  of  the  most  promising  to  investigate  for  the  production 
of  immense  quantities  of  alcohol,  since  wdth  improved  methods 
of  cultivation  the  yield  per  acre  could  undoubtedly  be  increased 
considerably. 

corn  (maize)— This  crop  is  extensively  raised  in  the  tropics 
but  exported  to  only  a  slight  degree.  Mexico  stands  next  to 
the  United  States  in  acreage  of  corn,  but  follows  Argentina  in 
actual  amount  produced.  The  average  pi  eduction  per  acre  in 
the  United  States  is  about  25  bushels,  in  Argentina  (not  tropical) 
'  S.  M.  Tracy,  "Cassava,"  U.  S.  Department  of  Agriculture,  Farm- 
ers- BulUlin  IVi  H^OZ)  ■ 

•  J.  B.  Harrison,  "Food  Plants  of  British  Guiana,"  J.  Board  of  Agr. 
of  British  Guiana,  10  (1917),  143. 

■  "Cassava  as  a  Source  of  Industrial  Starch  and  Alcohol,"  Bull.  Impe- 
rial Institute,  No.  4,  17  (1919). 


it  is  27  and  in  Mexico  (mostly  highlands)  it  is  14  bushels;  the 
methods  of  cidtivation,  however,  in  the  last  named  are  not 
conducive  to  high  yields.  In  British  Guiana,  where  4  months 
are  necessary  to  raise  a  crop,  18  to  25  bushels  per  acre  are  said 
to  be  the  yield.'  Possibly  two  crops  per  year  might  be  raised. 
With  a  production  of  50  bushels,  the  same  amount  of  corn 
would  be  raised  in  the  tropics  as  in  the  United  States,  on  an 
area  one-half  that  in  our  own  country.  This  high  rate  of  pro- 
duction would  seem  somewhat  problematic  in  view  of  various 
factors  operating  against  it. 

RICE — In  the  tropics  the  rice  crop  usually  takes  four  to  five 
months  to  mature.  Where  the  rainfall  is  sufficient  it  can  be 
grown  without  irrigation.  It  is  probable  that  if  the  proper 
amount  of  soil  moisture  could  be  had,  say  by  irrigation,  two 
crops  per  year  could  be  obtained. 

COTTON — While  cotton  is  of  tropical  origin,  most  of  the  world's 
production  comes  from  the  North  Temperate  region.  Contin- 
uous rainfall  and  much  cloudiness  is  detrimental  to  growth 
of  cotton;  hence  very  moist  tropical  regions  are  not  suited  to 
its  production.  In  regions  subject  to  drouth  irrigation  is  nec- 
essary. While  there  are  many  extensive  regions  in  the  drier 
parts  of  the  tropics  that  could  be  made  to  yield  larger  amounts 
than  they  are  now  doing,  it  is  probable  that  the  production 
per  acre  in  the  tropics  cannot  be  increased  over  that  of  the  best 
portions  of  our  own  cotton  belt. 

SUGAR  CANE — This  is  essentially  a  perennial  crop.  In  Cuba 
and  the  tropics  five  to  ten  crops  are,  in  general,  obtained  from 
one  planting,  fully  twelve  months  or  more  being  necessary  for 
the  maturity  of  a  crop.  In  Louisiana  the  best  yields  are  obtained 
by  planting  annually  or  biennially  since  winter  frosts  damage 
the  stubble;  hence  varieties  must  be  chosen  which  mature  in 
six  to  seven  months.  Black-strap  molasses  from  refining  sugar 
is  the  present  source  of  most  of  our  industrial  alcohol. 

Summary 

The  above  is  an  incomplete  review  of  the  possibilities  of  the 
tropics  to  produce  crops  of  foodstuffs  and  wood  capable  of 
appUcation  to  the  manufacture  of  cellulose  and  alcohol.  Little 
or  nothing  is  known  of  the  possibilities  of  many  of  the  wild 
forest  products  for  the  manufacture  of  pulp  suitable  for  paper 
making,  or  the  amount  of  alcohol  that  they  will  yield  by  dis- 
tillation or  by  fermentation  processes.  Until  we  find  fast  growing 
species  suitable  for  these  purposes  it  is  nonsense  to  talk  about 
producing  them  on  a  large  scale.  The  few  figures  given  serve 
merely  to  indicate  the  possibilities  and  are  based  on  admittedly 
Umited  data 

The  evidence,  however,  is  conclusive  that  the  tropical  sun 
has  the  power  to  store  up  more  energy  in  the  form  of  cellulose 
in  a  given  time  than  has  the  temperate  sun,  and  if  this  is  in  a 
utiUzable  form  it  remains  for  the  ingenuity  of  man  to  overcome 
the  difliculties  of  profitably  applying  it. 


American   Metric  A.ssociation 

The  American  Metric  Association  held  its  annual  meeting  in 
Toronto,  Canada,  December  29,  1921. 

The  Canadian  members  present  were  unanimous  in  the  opinion 
that  the  passage  of  an  effective  metric  bill  by  the  United  States 
Congress  would  soon  be  followed  by  similar  action  in  the  Cana- 
dian Parliament.  Prof.  Henry  G.  Bayer  of  New  York  Univer- 
sity discussed  "The  Evolution  of  Metric  Weights  and  Measures." 
Edward  Richards  and  other  members  of  the  Society  of  American 
Foresters  spoke  on  the  "Application  of  the  Metric  System  to 
Forestry."  Prof.  E.  C.  Bingham  reported  that  through  the 
cooperation  of  the  Association  with  the  American  Chemical 
Society  and  other  organizations  three  hundred  of  the  universities 
and  colleges  had  agreed  to  order  their  supplies  in  rnetric  units. 
Manufacturers  and  dealers  have  been  found  very  willing  to  fill 
orders  in  this  manner. 
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The  Technical  Paper  and  Its  New  Relation  to  Industry' 

By  H.  C.  Pf  rmelee= 

Nbw  York,  N.  Y. 


If  we  attempt  to  analyze  the  elements  that  have  contributed 
to  the  evolution  of  modern  civilization  in  all  its  variety  and  com- 
plexity, we  are  likely  to  come  to  the  conclusion  that  the  most 
powerful  single  force  has  been  the  rapid  development  in  the 
means  of  communication  between  individuals,  communities, 
cities,  and  nations.  To  such  a  degree  of  perfection  have  these 
means  been  developed,  and  so  complete  has  been  their  con- 
quest of  conditions  on  our  own  earth,  that  intrepid  pioneers  are 
already  attacking  the  problem  of  interworld  communication. 

Great  industries  have  been  founded  in  the  course  of  these 
developments.  Ships  sail  the  seven  seas  to  the  uttermost  parts 
of  the  earth;  railroads  cover  the  continents  like  networks  of 
steel ;  aircraft  cruise  their  routes  regularly  with  incredible  speed ; 
the  telephone  and  telegraph  are  known  in  the  humblest  village; 
radio  communication  is  almost  a  commonplace;  and  finally  the 
products  of  the  printing  press  have  long  since  lost  the  element 
of  novelty  and  are  accepted  as  an  integral  part  of  our  daily  life. 
These  agencies  have  brought  about  the  great  transition  from 
primitive  society  in  which  human  intelligence  was  transmitted 
by  word  of  mouth.  They  have  at  once  simplified  and  compli- 
cated modem  life;  simplified  it  by  bringing  the  peoples  of  the 
earth  into  closer  contact,  and  complicated  it  by  extending  our 
relationships  and  increasing  our  duties  and  obligations.  They 
have  unified  nations  in  war  for  a  great  cause,  and  they  have 
given  an  impetus  to  peaceful  industrial  growth  unfjaralleled  in 
the  history  of  the  world. 

But  though  all  these  agencies  have  contributefi  largely  to  the 
development  of  modern  society,  it  is  certain  they  have  not  been 
of  equal  value  and  importance.  Ships,  railroads,  and  aircraft 
may  be  developed  ever  so  highly  and  yet  be  limited  as  means  of 
communication  if  they  transport  only  men  from  place  to  place. 
Important  as  are  the  telephone,  telegraph,  and  radio  in  the  quick 
transmission  of  intelligence  to  and  from  all  parts  of  the  world, 
they  are  still  restricted  to  communication  between  fixed  points 
and  a  small  number  of  individuals.  Obviously  some  other 
agency  in  combination  with  these  has  been  responsible  for  that 
wide  distribution  of  human  knowledge  and  intelligence  that 
characterizes  modern  society  and  which  has  been  responsible 
for  its  development.  Some  other  means  has  been  evolved  to 
reproduce  for  thousands  and  millions  of  individuals  the  product 
of  the  world's  great  intellects  and  lay  it  regularly  before  all 
who  want  it.  It  is  in  the  discovery  and  perfection  of  printing 
and  paper  that  we  find  the  essential  element  in  all  this  marvelous 
development.  Modern  civilization,  said  Lord  Avebury  in  ad- 
dressing an  international  gathering  of  paper  manufacturers, 
depends  upon  the  discovery  of  cheap  paper  and  rapid  printing 
for  the  wide  distribution  of  information. 

This  we  may  accept  without  demanding  exhaustive  proof, 
for  it  requires  no  stretch  of  the  imagination  to  visualize  the 
influence  of  printing  on  the  wide  dissemination  of  knowledge. 
By  this  means  industrial,  political,  and  economic  information 
has  spread  with  amazing  rapidity.  By  it  the  intelligence  of 
one  nation  has  become  the  property  of  the  whole  race,  and  the 
intellect  of  a  great  leader  has  been  able  to  influence  the  trend  of 
thought  of  the  entire  world.  In  short,  we  may  accept  the  press 
as  the  means  of  communication  par  excellence  and  proceed  to 
examine  one  of  its  comparatively  small  but  important  branches, 
namely,  the  indu.strial  press,  that  has  just  begun  to  sense  and 
exercise  its  power. 

Industrial  publishing  has  reached  its  highest  development  in 
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the  United  States,  where  over  1200  periodicals  are  now  devoted 
to  industry  in  all  its  phases.  The  growth  of  this  great  pub- 
lishing business  has  been  coincident  with  the  industrial  expansion 
of  the  country  itself.  The  first  industrial  paper  of  which  we 
have  record  in  this  country  was  founded  in  1846.  In  the  next 
decade  two  more  were  established,  but  no  great  impetus  was 
given  to  the  business  until  after  the  Civil  War  when  the  country 
went  through  its  marvelous  period  of  growth  and  development. 
Industries  of  all  kinds  invited  leadership,  and  industrial  maga- 
zines sprang  up  to  point  the  way.  The  result  was  that  from 
one  paper  in  1846,  three  in  1856,  and  25  in  1869,  the  number 
grew  to  800  by  the  end  of  the  century  and  to  well  over  1200  at 
the  present  time.  Including  Canada,  it  is  estimated  that  there 
are  in  America  between  1200  and  1400  industrial  publications, 
the  number  varying  with  the  method  of  classification. 

An  important  group  of  the  industrial  press  comprises  what 
are  known  as  technical  papers  because  they  deal  with  the  tech- 
nology of  industry,  with  the  application  of  science  and  engineer- 
ing principles  to  the  problems  of  production  and  management. 
It  is  in  this  group  that  you,  as  chemists,  are  most  interested; 
and  since  both  you  and  I  have  a  still  narrower  interest  in  tech- 
nical magazines  devoted  to  the  chemical  industry  we  may 
confine  further  observations  to  papers  of  that  class. 

The  Technical  Paper  ok  the  Earlter  Day 

My  topic,  "The  Technical  Paper  and  Its  New  Relation  to 
Industry,"  suggests  a  contrast  with  an  earlier  relation,  and  so 
we  may  go  back  for  a  moment  and  sketch  that  former  relation 
briefly  so  as  to  emphasize  the  new  order  that  must  be  expanded 
and  developed  if  the  technical  paper  is  to  live  up  to  its  oppor- 
tunity for  service  and  leadership. 

Technical  papers  for  the  chemical  and  allied  industries  are  of 
comparatively  recent  development  in  this  cpuntry,  but  if  we 
examine  the  early  files  of  such  papers  we  will  find  that  they 
were  devoted  almost  strictly  to  matters  of  technical  interest. 
They  recorded  the  results  of  scientific  research  and  investigation 
and  of  progress  in  the  arts.  Processes  and  products  were  dis- 
cussed in  their  scientific  and  technical  aspects.  The  contri- 
butions were  of  a  high  order  of  merit,  and  the  contributors 
were  recognized  scientists  of  learning  and  ability.  On  the  whole 
the  publication  was  maintained  on  a  high  plane  of  scholarship 
and  was  a  credit  to  the  profession.  Its  reliability  and  integrity 
were  above  reproach  and  its  subscribers  bore  testimony  to  its 
value  and  influence  in  all  technical  matters.  It  was  a  tool  of 
the  profession  rather  than  of  the  industry. 

The  raison  d'etre  for  such  a  magazine  is  not  far  to  seek.  It 
was  a  product  of  its  time  and  it  served  its  purpose  well.  Tech- 
nical industries  were  in  a  state  of  rapid  evolution,  and  the  latest 
developments  in  technology  were  of  primary  importance.  It 
was  essential  that  the  scientific  foundation  of  industry  be  care- 
fully laid  in  order  that  the  superstructure  might  endure.  In 
short,  industry  being  more  interested  in,  and  most  in  need  of, 
technical  leadership  and  guidance,  the  function  of  the  technical 
paper  was  plainly  to  serve  along  these  lines. 

The   Nbw  Responsibilities  of  the  Technical   Press 

But  excellent  as  this  service  was,  and  adequate  though  it 
proved  for  its  time,  it  will  not  suffice  to-day.  New  elements 
have  entered  into  our  national  industrial  life  and,  by  presenting 
new  problems  to  industry,  have  at  the  same  time  laid  new  and 
adflitional  responsibilities  on  the  technical  paper.  It  is  no 
longer  enough  for  it  to  treat  of  technology;  it  must  consider  the 
business  and  economic  problems  of  industry  as  well.     The  lecli- 
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nical  paper  can  no  longer  fulfil  its  function  if  it  merely  discusses 
processes  and  products;  it  must  also  be  the  business  exponent 
and  mouthpiece  of  its  industry,  reflecting  its  needs  and  guarding 
its  interests.  It  must  become  an  integral  part  of  its  industry, 
serving  all  its  needs.  It  must  be  of  the  industry  as  well  as  for 
it. 

The  perception  of  this  new  responsibility  was  quickened 
during  and  immediately  after  the  war,  when  we  faced  industrial 
and  economic  problems  that  far  transcended  in  importance  the 
problems  of  technology.  The  Government  itself  was  con- 
fronted with  industrial  problems  of  the  greatest  magnitude, 
and  as  a  result  of  the  war  was  involved  in  the  most  intimate 
relations  with  business  and  industry.  There  was  the  greatest 
need  for  some  public  agency  to  reflect  the  needs  of  industry  to  the 
Government  and  to  interpret  the  intentions  and  acts  of  the  Gov- 
ernment to  industry.  In  this  condition  industry  found  itself 
without  a  mouthpiece  or  exponent  unless  the  technical  press 
threw  itself  into  the  breach,  which  it  promptly  did. 

Washington  became  a  great  center  for  technical  and  industrial 
news,  requiring  the  closest  daily  contact  on  the  part  of  the  busi- 
ness press;  and  as  a  consequence  of  the  early  recognition  of 
this  fact,  industry  was  ser\'ed  with  pertinent  government  news 
through   its  technical  papers. 

The  necessity  for  this  arose  mainly  from  the  fact  that  the 
daily  press  in  all  its  excellence  was  not  equipped  to  meet  the 
need.  It  was  not  and  could  not  be  intimately  familiar  with  the 
details  of  industry,  and  consequently  could  not  sense  its  needs. 
The  whole  country  was  face  to  face  with  a  brand  new  crop  of 
problems,  and  since  industry  had  learned  to  follow  its  own 
technical  papers  in  matters  of  science  and  technology  it  naturally 
turned  to  the  same  source  for  leadership  in  these  new  conditions. 
The  technical  paper  promptly  sensed  and  accepted  the  situation. 
It  became  a  magazine  of  opinion  on  labor  problems,  on  the  tariff, 
on  wages,  on  the  cost  of  living,  foreign  trade,  government  policies, 
the  patent  system,  revenue  legislation  and  finance,  and  many 
other  matters  formerly  regarded  outside  its  editorial  scope. 
It  discussed  industrial  waste  in  all  its  forms;  the  necessity  for 
better  cost  accounting,  for  greater  safety  in  industry,  for  im- 
proved housing  and  sanitation,  for  more  skilful  management, 
for  more  research.  It  expressed  its  opinion  on  the  regulation 
of  business  by  the  Federal  Trade  Commission  and  the  Interstate 
Commerce  Commission.  It  took  up  industrial  relations  between 
employer  and  employee  and  devoted  much  space  to  the  numerous 
phases  of  that  many-sided  subject.  It  spoke  with  authority 
and  competence  on  such  matters  as  reorganization  of  government 
departments  because  some  of  its  editors  had  been  drafted  from 
government  service  and  knew  whereof  they  spoke. 

These  things  were  invaluable  because  they  reflected  to  the 
industry  the  opinions  of  men  familiar  with  the  industry  itself 
and  sympathetic  with  its  needs.  Speaking  from  a  chemical 
point 'of  view,  it  was  not  enough  to  discuss  the  technology  of 
the  industry;  somebody  had  to  present  the  economics  as  well. 
For  example,  coincident  with  the  technical  problem  of  fixing 
nitrogen  was  the  question  of  government  ownership  and  operation 
of  nitrate  plants  and  its  effect  on  business.  Of  quite  as  much 
importance  as  how  to  make  dyes  was  the  question  of  estab- 
lishing an  industry  in  the  face  of  foreign  competition.  The 
tariff  was  a  paramount  issue.  We  had  the  brains  for  dyemaking, 
but  we  needed  the  economic  basis  for  an  industry  without 
which  our  technical  brains  would  avail  us  nothing.  The  alcohol 
industry  likewise  was,  and  is,  much  more  concerned  with  fanat- 
ical legislation  than  with  methods  of  manufacture.  All  of 
these  things  were  consistently  presented  in  the  technical  press 
for  the  benefit  of  industry  and  the  education  of  government 
officials. 

In  the  matter  of  new  developments  there  was  the  constant 
necessity  of  keeping  the  economic  and  industrial  as  well  as  the 
technical  aspect  clearly  in  mind.     For  this  reason  the  technical 


press  has  brought  to  industry  vital  statistics  on  consumption 
and  production,  on  imports  and  exports.  It  has  shown  the 
close  relation  of  plant  location  to  industrial  success.  It  has 
featured  the  importance  of  markets  for  new  products  and  sources 
for  raw  materials.  It  has  acquainted  industry  with  pertinent 
activities  of  the  Government,  sometimes  approving  and  some- 
times condemning. 

In  its  relation  to  the  Government  the  technical  paper  has 
Ijeen  constructive  and  helpful.  Witness  its  service  since  the 
war  in  aiding  in  the  disposal  of  surplus  property;  in  suggesting 
new  uses  for  materials  held  in  large  quantities  by  government 
departments;  in  discussing  the  function  of  the  Government  in 
research;  in  advocating  reform  in  the  Patent  Office;  in  support- 
ing the  Chemical  Warfare  Service  and  creating  public  sentiment 
that  resulted  in  establishing  this  branch  of  the  service  on  a 
scale  somewhat  commensurate  with  its  importance. 

Probably  the  greatest  stimulus  to  this  new  function  of  the 
technical  press  as  an  intermediary  or  connecting  link  between 
the  Government  and  industry  was  the  action  of  Mr.  Hoover 
in  inviting  the  editors  of  the  business  press  of  the  country  to 
assist  him  in  solving  many  of  the  problems  with  which  he  was 
confronted  in  the  Department  of  Commerce.  This  was  at 
once  the  greatest  recognition  of  the  importance  of  the  industrial 
press  and  a  challenge  to  prove  its  usefulness  by  showing  its 
intimate  knowledge  of  industrial  matters.  What  body  of  men 
in  the  country  should  be  better  able  to  reflect  to  the  Government 
the  needs  of  industry,  and  carry  to  industry  the  story  of  the 
Government's  intention  to  aid  and  assist  rather  than  hamper 
and  restrict?  So  argued  Mr.  Hoover,  and  accordingly  the 
memorable  Hoover  editorial  conferences  began  in  Washing- 
ton last  spring  and  have  become  a  monthly  event.  They 
have  resulted  in  laying  before  the  Secretary  of  Commerce 
plans  for  elimination  of  waste,  for  standardization  of  sizes, 
types,  and  styles  of  industrial  products,  for  correlating  the  bu- 
reaus and  agencies  in  his  department  and  making  them  function 
more  directly  for  the  benefit  of  industry.  They  have  resulted 
in  the  first  effort  ever  made  in  this  country  to  publish  monthly 
vital  statistics  on  consumption,  production,  and  stocks  of  critical 
commodities  in  the  basic  industries.  Finally  they  have  been 
helpful  in  the  reorganization  of  the  Department  of  Commerce 
by  finding  men  from  the  industries  to  head  the  new  commodity 
divisions  that  have  been  created.  And  all  of  these  things, 
mark  you,  have  been  done  by  technical  industrial  papers  that 
formerly  devoted  themselves  wholly  to  matters  of  science  and 
technology,  because  they  have  seen  clearly  the  need  of  this  new 
service  to  their  respective  industries.  Much  of  the  best  work 
has  been  done  quietly  through  committees,  questionnaires, 
and  researches,  but  it  has  been  none  the  less  effective.  Mr. 
Hoover  has  generously  recognized  the  value  of  this  service  in  a 
message  to  the  editors,  in  which  he  said  in  part: 

The  editors  of  the  business  press  have  shown  a  fine  spirit 
of  service.  Your  opportunity  for  leadership  is  unique  and  un- 
challenged. Upon  you  rests  in  large  measure  the  responsibility 
of  the  control  of  industrial  thought  and  opinion  in  the  detail 
of  the  industrial,  economic  and  technical  problems  which  con- 
front us. 

LlMITATION.S  OF  THE  DAILY  PRESS 

I  have  mentioned  the  inadequacy  of  the  daily  press  in  pre- 
senting to  industry  such  matters  as  have  just  been  discussed. 
They  are  essentially  technical  and  hence  not  within  the  grasp 
or  province  of  the  daily  newspaper.  They  will  not  be  adequately 
presented  for  business  and  industry  except  through  the  medium 
of  the  industrial  press.  This  is  no  reflection  on  the  daily  press 
but  merely  a  recognition  of  its  limitations  and  the  consequent 
need  for  the  industrial  press.     We  may  consider  a  few  examples. 

As  an  industrial  disaster  the  explosion  of  the  nitrate  plant 
at  Oppau,  Germany,  was  of  such  magnitude  as  to  interest  the 
entire   world.     And   because   of  its  marvelous   mechanism   for 
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transmitting  intelligence,  the  daily  press  gave  us  immediate 
reports  of  the  occurrence.  But  the  explosion  had  a  far  greater 
and  deeper  significance  to  chemical  industry,  and  in  all  its  at- 
tempts to  give  precise  information  that  might  be  helpful  the  daily 
press  failed  utterly,  as  a  result  of  its  manifest  limitations.  Not 
only  did  it  fail  as  a  purveyor  of  precise,  accurate,  and  reliable 
technical  news  of  the  event,  but  it  exemplified  the  blind  as 
leaders  of  the  blind  in  its  editorial  comment.  So  great  a  news- 
paper as  the  New  York  Times  drew  the  conclusion  that  German 
chemists  had  been  experimenting  with  new  and  deadly  gases, 
in  violation  of  the  terms  of  the  treaty,  and  had  wrought  their 
owii  destruction  through  their  discoveries.  It  called  upon 
the  Badische  Company  to  show  clean  hands  in  the  matter, 
and  it  looked  frankly  with  suspicion  on  the  whole  affair.  Mys- 
tery surrounded  the  explosion  and  consequently  mysterious 
conclusions  were  drawn  as  to  its  cause  and  significance.  The 
press  dispatches  having  said  that  the  disaster  was  due  to  "the 
decomposition  and  subsequent  explosion  of  a  large  quantity 
of  ammonia  and  sulfate  of  saltpeter,"  the  Times  suspected 
"experimenting  of  a  secret  nature,"  and  thought  it  "not  incon- 
ceivable that  the  disaster  at  Oppau  may  have  been  due  to  covert 
e.\perimenting  by  those  chemists."  All  of  which  was  of  no  help 
or  consequence  to  the  chemical  industry,  and  it  devolved  upon 
the  technical  press  through  its  enterprise  and  intelligence  to 
inform  the  industry  of  the  facts  as  nearly  as  they  could  be 
ascertained. 

Another  instance  of  the  newspapers'  inability  to  serve  industry 
in  technical  matters  is  to  be  found  in  the  attitude  of  the  daily 
press  toward  the  coal  tar  industry.  We  may  take  as  typical 
the  editorial  comment  in  the  Rocky  Mountain  News  of  Denver, 
September  30,  1921,  on  "The  West  and  the  Coal-Tar  Industry." 
The  caption  of  the  editorial  immediately  suggests  a  narrow 
sectional  view  of  the  proposed  embargo  on  the  importation  of 
coal-tar  products;  and  this  is  confirmed  when  we  read  later 
on  that  "if  it  can  be  shown  that  the  fortified  industry  in  time 
can  reach  out  and  make  useful  the  coal  deposits  of  Colorado, 
naturally  Colorado  would  take  more  interest  in  the  issue  at  Wash- 
ington." No  broad  view  of  the  coal-tar  industry  as  a  factor  in 
national  welfare.  No  conception  of  it  in  its  relation  to  the 
other  industries  using  dyes.  No  recognition  of  the  fact  that 
disarmament  could  proceed  much  more  rapidly  and  taxes  be 
reduced  proportionately  if  the  United  States  and  all  the  nations 
each  had  a  well-established  coal-tar  industry  functioning  in 
peace  and  guarding  against  war.  Instead  a  small,  sectional, 
wholly  inadequate  view  of  the  matter.  And  yet  the  daily  press 
regularly  creates  public  opinion  through  pronouncements  as 
incompetent  as  this. 

Examples  might  be  multiplied.  Chemical  warfare  was  first 
condemned  in  the  daily  press,  and  first  supported  by  the  tech- 
nical paper.  Reports  of  such  conventions  as  President  Wilson's 
first  industrial  conference  and  the  recent  unemployment  confer- 
ence were  more  reliable  and  pertinent  in  the  industrial  than  in 
the  daily  press,  for  the  reason  that  the  latter  was  inclined  to 
feature  spectacular  incidents  and  subordinate  substantial  ac- 
complishments. 

All  of  these  things  are  in  the  nature  of  a  service  to  industry 
and  the  public  welfare  now  performed  by  the  technical  press. 
It  is  not  spectacular,  but  far-reaching.  It  inlluences  the  in- 
telligent leaders  of  industry  to  blaze  the  way  to  new  reforms, 
initiate  constructive  policies,  and  establish  sound  principles 
and  practices  in  industry. 

This  service  to  industry  by  the  technical  press  is  a  leaven 
that  eventually  leavens  the  whole  of  society.  Through  the  lead- 
ership of  the  technical  magazine  in  its  own  industry,  it  spreads 
information  and  serves  as  a  clearing  house  for  new  ideas  that 
eventually  are  translated  into  economics  for  the  benefit  of 
society  as  a  whole.  The  service  to  industry  is  direct,  and  to 
society  indirect. 


The  Functions  of  tub  Technical  Paper 

From  this  general  portrayal  of  the  activities  of  the  modern 
technical  paper  we  may  proceed  to  summarize  its  functions  in 
industry  and  study  the  mechanism  through  which  they  are  per- 
formed. 

1 — The  modern  technical  paper  is  still  a  magazine  of  informa- 
tion pertinent  to  the  technology  of  the  industry  it  serves.  This 
is  an  important  function  that  cannot  be  subordinated  without 
jeopardizing  industrial  progress.  Economies  resulting  in  cheaper 
production  must  still  be  worked  out  through  scientific  research 
and  the  application  of  the  results  in  the  factory.  But  this  is 
not  .service  enough. 

2 — The  modem  technical  paper  also  treats  of  the  economics  of 
its  industry,  informing  its  readers  on  the  relation  of  finance,  the 
tariff,   and  other  legislation  to  business. 

3 — It  is  the  newspaper  of  its  industry,  gathering  weekly  the 
items  of  personal  and  business  intelligence  on  which  its  readers 
should  be  informed.  Market  movements  and  trade  tendencies 
are  reflected  in  reports  gathered  at  first  hand.  Foreign  as  well 
as  domestic  news  is  obtained  regularly  by  cable  and  wire. 

4 — -The  modern  independent  technical  paper  is  a  magazine 
of  opinion — the  mouthpiece  of  its  industry.  And  herein  lies 
one  of  the  distinctive  differences  between  it  and  the  technical 
society  magazine.  The  editorial  independence  of  the  industrial 
paper,  its  freedom  from  domination  by  any  interest  or  allegiance 
to  any  group,  makes  it  possible  to  adopt  policies  in  the  interest 
of  the  industry  as  a  whole.  Obviously  this  is  denied  to  the 
society  publication,  which  must  serve  primarily  its  own  member- 
ship. Editorial  opinion  cannot  be  expressed  with  freedom  on  a 
wide  variety  of  topics  for  the  evident  reason  that  the  magazine 
must  speak  for  the  society.  An  independent  industrial  technical 
paper,  on  the  other  hand,  labors  under  no  such  handicaps, 
being  bound  only  to  serve  the  best  interests  of  its  industry 
whether  people  agree  with  it  or  not.  If  subscribers  do  not 
like  its  policy  they  need  not  take  the  paper, 

5 — The  modern  technical  paper  sets  a  high  standard  of  busi- 
ness ethics  and  practice  in  its  industry.  Both  in  its  business 
and  editorial  departments  it  subscribes  to  a  code  of  ethics  that 
has  been  adopted  by  associations  of  business  publishers  and 
industrial  editors.  These  standards  are  high  and  must  be 
subscribed  and  adhered  to  by  members  of  these  associations. 

The  technical  editor  is  pledged  to  consider  first  the  interest 
of  his  subscriber.  Truth  and  honesty  must  characterize  his 
every  activity.  He  is  obligated  to  present  the  news  of  the  indus- 
try free  from  personal  bias  and  to  determine  the  editorial  contents 
of  his  paper  independently  of  advertising  considerations.  The 
publisher  also  sets  a  high  standard  of  business  practice  in  the 
acceptance  or  rejection  of  advertising  and  in  publicity  regarding 
the  character  and  extent  of  his  circulation. 

Periodical  investigations  are  made  to  see  that  members  are 
living  up  to  these  standards.  This  is  one  of  the  most  powerful 
factors  in  making  the  technical  paper  a  leader  in  its  industry. 
With  its  own  skirts  clean  it  can  consistently  demand  that  its 
industry  be  free  from  unfair  practices.  Having  adopted  a 
high  code  of  business  ethics  for  itself  it  can,  both  by  precept 
and  example,  urge  similar  action  upon  its  industry.  The 
adoption  of  a  code  of  editorial  ethics  and  business  practice 
has  been  of  the  greatest  benefit  in  establishing  the  independence 
of  the  technical  paper. 

The  exercise  of  all  these  functions  results  in  a  service,  first 
to  industry  and  then  to  society,  that  makes  the  modem  technical 
paper  an  essential  element  of  industry.  It  was  so  regarded  by 
the  Government  during  the  war;  and  it  must  be  self-evident 
that  in  times  of  peace,  publication  of  knowledge  and  intelligence 
is  indispensable  to  the  develoi)ment  of  industrial  literature. 
What,  then,  is  the  mechanism  for  exercising  these  functions? 
The  answer  is  found  in  the  editorial  staff.  And  just  as  the 
technical  paper's  new  relation  to  industry  requires  a  broader 
service,  so  the  modern  editorial  staff  comprises  a  wider  range  of 
talent.  In  many  respects  it  resembles  a  college  faculty,  being 
compo.sed  of  men  who  are  specialists  in  their  respective  branches 
of  technology  and  industry.  Papers  covering  the  chemical  and 
allied  technical  industries  find  it  particularly  necessary  to  have 
comparatively  large  staffs  of  qualified  scientists,  technologists, 
economists,  and  industrial  experts.  They  are  called  upon  to 
judge  the  competence  of  articles  that  form  our  technical  literiitiuc. 
They  are  expected  to  reflect  sound  opinion  on  matiirs  of  public 
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policy  in  relation  to  their  industries,  and  to  take  the  lead  in 
safe-guarding  those  industries  from  ill-advised  legislation  or 
private  practice.  They  must  display  enterprise  and  initiative 
in  discovering  sources  of  news  and  information  so  that  their 
industries  may  be  kept  abreast  of  developments.  And  it  goes 
without  saying  that  in  addition  to  their  ability  they  must  be 
men  of  integrity  with  a  keen  sense  of  editorial  ethics. 

Nor  can  these  things  be  accomplished  without  close  personal 
contact  with  the  industry  itself.  Travel  by  the  editors  is  a 
sine  qua  non  of  successful  industrial  joiUTiaUsm.  Conventions 
must  be  covered  and  reported  in  their  essential  features,  for 
hundreds  and  thousands  of  men  are  unable  to  attend  and  must 
rely  on  the  published  record  for  their  information.  That  this 
service  is  appreciated  is  attested  by  the  correspondence  following 
the  publication  of  convention  proceedings,  asking  for  more  de- 
tail or  further  information.  Plants  must  be  visited  and  processes 
described  in  order  that  textbook  fundamentals  may  be  amplified 
and  brought  up  to  date  with  practical  details  of  current  prac- 
tice. In  short,  the  modem  technical  paper  cannot  be  edited 
from  the  desk,  but  it  must  show  a  familiarity  with  industry 
itself  that  is  acquired  only  by  personal  contact.  The  conse 
quence  is  that  the  industrial  editor  is  enabled  to  see  his  industry 
as  a  whole  and  judge  it  impartially.  This  was  strikingly  ex- 
emplified at  the  last  National  Conference  of  Business  Paper 
Editors  in  Chicago,  when  a  resume  of  conditions  in  ten  basic 
industries  was  presented  by  as  many  editors  of  industrial  maga- 
zines. These  reviews  were  authoritative  and  could  not  have  been 
pictured  better,   if  as   well,   by   industrial   leaders  themselves. 


Such,  then,  is  the  new  relation  of  the  technical  paper  to  in- 
dustry, as  seen  by  the  technical  editor.  Such  is  the  duty  of 
the  industrial  and  technical  press,  as  well  as  its  opportunity  for 
service,  as  conceived  by  the  publishers.  It  results  in  a  service 
that  is  growing  more  and  more  expensive,  but  which  yields 
results  to  industry  that  more  than  justify  the  publisher's  outlay. 
No  single  industrial  unit  could  afford  to  maintain  for  itself 
the  service  thus  rendered  to  industry  at  large.  It  is  a  service 
that  is  destined  to  be  expanded  rather  than  contracted,  just  as 
industry  itself  becomes  more  complex  and  needs  broader  vision 
and  leadership. 

This  evolution  holds  its  lesson  also  for  the  individual.  Just 
as  the  technical  paper  must  supplement  its  technology  with  the 
economics  and  business  of  industry,  so  must  the  individual 
broaden  his  scope  in  order  to  find  his  greatest  usefulness.  Sci- 
ence will  never  develop  its  greatest  usefulness  to  society  as  long 
as  it  is  translated  into  technology  only.  It  must  find  expression 
also  in  sociology,  in  economics,  and  in  the  management  of  in- 
dustry. This  will  call  for  broader  training  and  more  diverse 
talents  among  scientists,  some  of  whom  will  continue  to  enrich 
the  records  of  research  while  others  develop  managerial  ability 
or  technical  superiority  or  acquire  skill  in  the  practical  applica- 
tion of  economics  and  sociology.  The  ultimate  aim^ — for  the 
individual  as  well  as  for  the  industrial  press— will  be  the  perfec- 
tion of  our  industrial  processes,  the  elimination  of  waste,  the 
stabilizing  of  labor  and  production,  so  that  human  happiness  and 
standards  of  living  may  be  increased.  To  such  an  end  the  mod- 
ern technical  paper  is  dedicated. 


The  Field  for  Chemists' 

By  Wilder  D.  Bancroft 

War  Memoriai.  Professor  of  Chemistry,  Cornell  University,  Ithaca,  New  Yore 


Chemistry  is  the  science  which  deals  with  all  properties  and 
all  changes  of  matter  that  depend  on  the  nature  of  the  sub- 
stances concerned.  According  to  this  definition,^  which  is 
broader  than  the  usual  one,  chemistry  is  the  fundamental  and 
dominant  science,  which  may  account  for  its  being  the  most 
fascinating  one.  Chemistry,  as  thus  defined,  may  be  intefpreted 
to  include  all  of  what  is  known  as  physics  except  the  law  of  gravi- 
tation, the  laws  of  motion,  and  a  few  other  abstract  formula- 
tions. Everything  else  that  gives  life  and  interest  to  physics 
is  chemistry  by  definition.  Our  friends,  the  physicists,  look 
upon  physics  as  the  fundamental  science  because  physics  was  a 
well-developed  subject  before  there  was  any  scientific  chemistry 
worth  mentioning.  This  method  of  reasoning  is  natural  but 
not  necessarily  sound.  As  children  we  were  told  that  great 
oaks  from  little  acorns  grow.  This  is  true  but  not  the  whole 
truth.  If  we  have  only  the  acorn,  it  is,  of  course,  the  important 
thing;  but,  later,  one  sees  that  the  acorn  is  merely  an  interesting 
subdivision  or  product  of  the  oak. 

Engineering  is  largely  applied  chemistry.  If  it  were  not  for 
the  specific  properties  of  iron,  copper,  concrete,  brick,  and  all 
the  other  materials  of  engineering,  there  would  be  no  such  sub- 
ject as  engineering,  which,  speaking  broadly,  is  the  art  of 
making  the  structural  properties  of  matter  available  to  man. 

In  the  biology  of  the  present  and  the  future,  we  are  interested 
in  the  chemical  changes  in  the  living  organisms  due  to  heredity 
and  env-ironment.  Growth  is  a  chemical  change  and  the  inter- 
nal and  external  structures  are  the  result  of  a  series  of  chemical 
changes.  After  the  first  stages  of  identification,  enumeration, 
and  classification  have  been  passed,  the  interests  of  the  biologists 
are  largely  chemical,  and  the  closer  the  contact  with  chemistry 
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the  better  the  results.  This  has  been  shown  very  clearly  in  the 
brilliant  work  of  Loeb  and  his  pupils;  and  Clowes  has  made  it 
clear  that  Loeb's  results  as  to  the  antagonistic  action  of  sodium 
and  calcium  salts  on  protoplasm  can  be  duplicated  in  a  remark- 
able way  with  oil  and  water  emulsions. 

In  curative  medicine  we  are  dealing  largely  with  the  action 
of  drugs.  In  preventive  medicine  we  are  dealing  largely  with 
inoculations,  diet,  exercise,  and  fresh  air.  In  the  first  case  we 
are  checking  and  eliminating  an  abnormal  chemical  process, 
sickness,  by  the  action  of  one  set  of  chemicals  on  the  system.  In 
the  second  case  we  are  preventing  the  occurrence  of  a  disturbing 
chemical  process,  sickness,  by  the  action  of  another  set  of  chemi- 
cals on  the  system.  Owing  to  the  difficulties  involved  and  to 
the  number  of  variables  concerned,  our  knowledge  of  the  chem- 
istry of  medicine  is  not  yet  what  it  should  be;  but  it  is  clear  that 
real  progress  will  be  made  just  in  so  far  as  we  study  physiology 
and  medicine  as  subdivisions  of  chemistry. 

Geology  is  the  study  of  the  chemistry  of  the  earth,  and  agri- 
culture is  clearly  a  subdivision  of  chemistry.  The  fertility  of 
the  soil  and  the  growing  of  crops  are  chemical  problems  in  spite 
of  the  fact  that  they  have  been  studied  empirically  for  centuries. 

Professor  Stieglitz  of  the  University  of  Chicago  has  said  that 
chemistry  makes  possible  the  scientific  control  of  such  widely 
divergent  industries  as  agriculture  and  steel  manufacturing. 

It  governs  the  transformation  of  the  salts,  minerals,  and  humus 
of  our  fields  and  the  components  of  the  air  into  corn,  wheat, 
cotton,  and  the  innumerable  other  products  of  the  soil;  it 
governs  no  less  the  transformation  of  crude  ores  into  steel  and 
alloys  which  may  be  given  practically  any  conceivable  quality 
of  hardness,  elasticity,  toughness,  or  strength.  Exactly  the 
same  thing  may  be  said  of  the  hundreds  of  national  activities 
that  lie  between  the  two  extremes  of  agriculture  and  steel  manu- 
facture.    Moreover,  the  domain  of  the  science  of  the  transfor- 
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mation  of  matter  includes  even  life  itself  as  its  loftiest  phase. 
From  our  birth  to  our  return  to  dust,  the  laws  of  chemistry  are 
the  controlling  laws  of  life,  health,  disease,  and  death.  The 
ever  clearer  recognition  of  this  relation  is  the  strongest  force 
that  is  raising  medicine  from  the  uncertain  realm  of  an  art  to 
the  safer  sphere  of  an  exact  science.  To  many  scientilic  minds 
it  has  even  become  evident  that  those  most  wonderful  facts  of 
life,  heredity  and  character,  must  find  their  final  explanation 
in  the  chemical  composition  of  the  components  of  life-producing, 
germinal  protoplasm;  mere  form  and  shape  are  no  longer  su- 
preme, but  are  relegated  to  their  proper  place  as  the  housing 
only  of  the  living  matter  which  functions  chemically 

Research  Problems  in  Pure  Chemistry 

The  student  who  wishes  to  take  up  research  work  either  in 
pure  or  applied  chemistry  can  find  innumerable  problems  in 
every  field  and  of  any  degree  of  complexity  and  importance,  from 
work  that  can  be  done  by  an  undergraduate  to  work  that  no 
one  sees  how  to  do  at  present.  No  matter  where  we  turn,  we 
find  that  we  have  only  touched  the  fringe  of  the  subject.  A 
few  illustrations  may  be  helpful.  To  those  in  the  Chemical 
Warfare  Service,  the  war  brought  out  clearly  the  meagerness 
of  our  knowledge  even  in  regard  to  the  simplest  organic  com- 
pounds. It  would  be  quite  impossible  to-day  to  write  a  satis- 
factory monograph  showing  the  reversible  equilibria  between 
the  compounds  of  carbon,  hydrogen,  and  oxygen,  even  if  we 
limited  ourselves  to  compounds  containing  not  over  three  atoms 
of  carbon  to  the  molecule.  If  we  went  as  high  as  compounds 
containing  six  atoms  of  carbon,  our  monograph  would  consist 
chiefly  of  gaps. 

The  whole  problem  of  chemical  affinity  as  applied  to  organic 
compounds  is  in  a  very  rudimentary  state,  and  while  we  are 
accumulating  data  in  regard  to  free  energy,  our  progress  is  very 
slow.  The  Periodic  Law  is  still  very  much  of  a  mystery  to  us 
and  we  do  not  know  why  a  consideration  of  the  atomic  numbers 
removes  some  of  our  troubles.  We  know  a  good  many  facts 
about  catalysis  in  general  and  contact  catalysis  in  particular; 
but  we  have  no  adequate  theory  on  the  subject,  though  the 
poisoning  of  catalytic  agents  is  not  the  mystery  it  once  was. 
While  several  books  and  innumerable  articles  have  been  written 
on  the  subject  of  indicators  in  quantitative  analysis,  nobody 
has  collected  the  facts  that  the  analyst  really  wants. 

When  it  comes  to  color,  we  speak  learnedly  of  chromophoric 
groups;  but  we  do  not  know  why  anhydrous  copper  sulfate  is 
colorless,  why  a  solution  of  copper  sulfate  in  glycerol  is  green, 
or  why  the  absorption  spectrum  of  a  concentrated  copper  bro- 
mide solution  is  very  closely  the  sum  of  the  absorption  spectra 
of  a  copper  sulfate  solution  and  liquid  bromine. 

The  organic  chemist  finds  an  enormous  amount  of  scientific 
work  still  to  be  done  in  connection  with  the  synthesis  of  dyes. 
The  whole  field  of  chemotherapy  is  just  opening  up.  The  prob- 
lem of  plant  synthesis  has  scarcely  been  touched.  We  can 
make  in  the  laboratory  many  of  the  substances  which  the  plant 
makes.  Some  of  them,  such  as  alizarin  and  indigo,  we  can  make 
more  cheaply  than  the  plant  can  and  of  a  higher  degree  of  purity ; 
but  we  cannot  make  any  of  them  in  the  way  the  plant  does. 
The  plant  does  not  use  reverse  coolers  or  sealed  tubes;  it  does 
not  boil  with  sulfuric  acid  or  fuse  with  caustic  potash;  it  has 
not  metallic  sodium  and  chlorine  gas  for  reagents.  The  reagents 
on  which  the  plant  can  draw  are  air,  water,  and  a  few  mineral 
salts.  With  these  and  under  the  influence  of  heat,  light,  differ- 
ence of  electrical  potential,  and  enzymes,  the  living  protoplasm 
manufactures  its  product. 

While  the  general  theory  of  photochemistry  is  quite  simple — 
that  light  tends  to  eliminate  the  substances  which  absorb  it — 
our  knowledge  of  the  chemistry  involved  is  so  limited  that  we 
cannot  actually  treat  photochemistry  scientifically.  We  have 
made  no  progress  in  the  direct  utilization  of  the  sun's  rays  and, 
while  we  think  wc  know  something  about  the  conditions  for 
chemiluminescencc,  we  cannot  produce  cold  light  even  though 
the  firefly  has  shown  us  that  it  can  bo  done. 


Technical  Problems 

On  the  more  strictly  technical  side,  the  problems  are  so  numer- 
ous that  it  will  only  be  possible  to  indicate  a  few.  If  our  present 
civilization  is  to  pull  through,  the  scientific  man  must  speed  up 
production  of  crops  and  goods  so  that  the  masses  of  the  people 
can  live  decently.  While  everybody  will  have  to  help  in  this, 
tlie  bulk  of  the  strain  will  come  on  the  chemist  and  he  must  be 
prepared  to  meet  it.  We  appreciate  already  the  importance  of 
nitrogen  fixation  and  of  getting  potash  from  feldspar.  The 
whole  question  of  the  better  utilization  of  our  petroleum  re- 
sources is  a  vital  one.  Fortunately  this  has  been  realized 
by  the  oil  producers  and  consumers,  and  Dr.  Van  H.  Manning, 
formerly  Director  of  the  United  States  Bureau  of  Mines,  has 
been  appointed  Director  of  Research  of  the  American  Petro- 
leum Institute,  which  means  that  this  work  will  be  pushed  as 
rapidly  as  possible.  The  American  Institute  of  Baking  is  trying 
to  improve  the  quality  and  keeping  power  of  bread.  The  use 
of  flotation  processes  has  made  it  possible  to  work  ore  deposits 
which  otherwise  could  not  be  handled  profitably.  The  state- 
ment has  been  made  that  sixty  million  tons  of  ore  are  treated 
annually  by  these  processes  in  the  United  States.  While  this 
is  very  gratifying,  the  development  has  been  largely  empirical 
so  far,  and  we  apparently  have  no  realization  as  yet  of  the 
possible  future  applications  of  these  processes. 

When  we  consider  ceramics,  rubber  and  other  plastics,  paints, 
varnishes,  leather,  dyeing  and  printing,  cellulose,  cellulose  nitrates 
and  acetates,  photography,  etc.,  all  subjects  involving  a  large 
amount  of  colloid  chemistry,  we  find  that  the  industries  concerned 
have  a  vast  amount  of  empirical  information  as  to  what  happens 
and  know  practically  nothing  about  why  it  happens.  The  silicate 
industries  are  avowedly  empirical  and  so  is  the  dyeing  industry. 
The  rubber  industry  knows  practically  nothing  about  the  theory 
of  vulcanization,  to  take  a  single  illustration.  So  far  as  can  be 
learned  the  people  in  the  cellulose  nitrate  industry  do  not  even 
know  how  many  cellulose  nitrates  there  are  or  what  their  real 
properties  are.  The  photographic  industry  has  only  empirical 
knowledge  in  regard  to  emulsions  and  has  no  adequate  theory 
in  regard  to  photographic  developers.  Nearly  all  of  the  tanneries 
in  the  country  are  run  on  an  empirical  basis.  While  many 
firms  in  these  various  industries  have  made  a  great  deal  of  money, 
all  our  experience  is  that  every  increase  in  the  scientific  knowl- 
edge of  a  subject  is  followed  sooner  or  later  by  an  improvement 
in  the  technical  processes,  and  it  is  certain  that  the  industries 
in  question  will  prove  no  exception  in  spite  of  the  fact  that  each 
industry,  which  is  run  on  an  empirical  basis,  invariably  believes 
that  its  case  is  exceptional.  The  recent  work  of  Dr.  WUson  on 
quebracho  and  gambler  and  on  the  analysis  of  tannin  brings 
out  clearly  some  of  the  important  things  which  had  been  over- 
looked by  the  leather  industry.  All  these  industries  will  eventu- 
ally Ije  put  on  a  sound  scientific  basis  and  this  work  will  have 
to  be  done  by  chemists. 

Present  Position  of  the  Chemist 

The  general  position  of  the  chemist  is  better  than  it  has  ever 
been  before.  The  war  has  brought  to  the  public  mind  an  appre- 
ciation of  the  importance  of  chemistry.  Some  of  the  universities 
have  already  put  their  professors  of  chemistry  on  a  special  basis 
and  the  others  will  have  to  follow  suit  if  they  hope  to  fill  vacancies 
with  good  men.  In  most  universities  the  pay  of  the  younger 
members  of  the  staffs  has,  very  properly,  increased  more  rela- 
tively than  that  of  the  full  professors.  There  used  to  be  very 
few  research  fellowships  for  men  who  had  received  their  doctor's 
degree,  but  now  we  have  the  National  Research  Council  Fellow- 
ships in  Physics  and  Chemistry  which  are  open  only  to  appli- 
cants who  have  received  the  doctor's  degree  or  its  equivalent. 
Some  of  the  universities  have  similar  research  fellowships.  The 
du  Pont  Company  is  giving  a  number  of  unrestricted  fellowships 
open  to  graduate  students,  and  other  companies  arc  doing  like- 
wise though  not  to  such  an  extent. 
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In  the  industries  the  Research  Laboratory  of  the  General 
Electric  Company  is  the  best  known;  but  there  are  a  number 
of  other  large  ones,  those  of  the  Western  Electric  Company, 
the  du  Pont  Company,  the  Eastman  Kodak  Company,  the 
National  Carbon  Company,  The  Barrett  Company,  the  National 
Aniline  Company,  the  Goodrich  Company,  the  Goodyear  Com- 
pany, the  Brown  Company,  and  the  one  of  the  General  Electric 
Company  at  Nela  Park  being  conspicuous  instances.  In  addi- 
tion very  many  companies  are  ruiming  smaller  research  labora- 


tories. It  looks  also  as  though  in  the  plants  the  ratio  of  chemists 
to  engineers  was  going  to  increase  considerably.  Of  course, 
the  almost  insane  demand  for  chemists  that  prevailed  at  the 
end  of  the  war  has  ceased  and  most  companies  are  now  dis- 
charging chemists  as  well  as  other  technical  men.  When  the 
present  industrial  depression  is  over,  things  will  adjust  themselves 
and  we  shall  get  on  a  normal  basis.  It  looks  now  as  though  the 
next  thirty  years  would  be  the  period  of  the  chemist  just  as  the 
previous  thirty  years  were  the  period  of  the  engineer. 


SOCIAL  INDUSTRIAL  RELATIONS 


Charity 

By  H.  W.  Jordan 

Syracuse.    New    York 

We  have  just  passed  through  the  annual  newspaper  orgy  of 
vicarious  charity  in  behalf  of  each  city's  One  Hundred  Neediest 
Families.  The  lavish  expenditure  of  printer's  ink  and  other 
folk's  money  revealed  little  effort  to  prevent  the  return  next 
Christmas  of  the  same  families,  reenforced  by  new  members  and 
supplemented  by  other  households  attracted  to  the  honey  of 
newspaper  readers'  cash;  each  donation  duly  announced  in  the 
paper. 

One  hardship  the  war  brought  upon  these  Neediest  Families 
was  jobs.  Although  the  managers  of  the  professional  charity 
organizations  succeeded  in  holding  their  staffs  intact,  their  clien- 
tele dwindled  almost  to  the  vanishing  point.  Plenty  of  work, 
lack  of  drink  through  prohibition,  and  diversion  of  public  emo- 
tion to  the  soldiers  and  of  public  money  to  Liberty  Bonds, 
nearly  killed  the  vested  interests  of  organized  charity.  We 
came  near  proving  that  "Poverty  would  cease  if  charity  be 
stopped  for  a  year." 

Now  that  peace  rages,  the  army  of  constitutionally  needy  are 
back  in  their  city  trenches.  Their  crushing  cost  of  maintenance 
merits  serious  consideration.  Syracuse  and  other  cities  have 
organized  Commimity  Chests  to  handle  the  collection  of  charity 
funds  by  an  annual  drive,  followed  by  distribution  of  the  money 
pro  rata  to  each  nice,  certified  charity. 

COMMUNITY  CHESTS  HAVE  A  FAR  GREATER  MISSION  THAN  THAT 

OF  HANDLING  MONEY.  They  offer  an  opportunity  of  doing  a 
splendid  social  industrial  service  by  applying  science  through 
research  upon  charity,  as  science  has  been  applied  through  re- 
search to  industry.  If  chemists  and  engineers  can  secure  ap- 
pointments on  the  directing  boards  of  Community  Chests  they 
will  be  able  to  undertake  this  sorely  needed  social  study. 
But  if  Community  Chest  management  be  restricted  to  captains 
of  finance,  with  little  scientific  thought  and  puny  social  imagina- 
tion, who  make  the  Chests  mere  money  feed  tanks,  they  will 
only  aggravate  pauperism. 

CITY  POVERTY  IS  A  SOCIAL  BY-PRODUCT  OF  MODERN  INDUSTRY. 

Specialized  employment,  herding  of  people  in  rented  quarters, 
feeding  folks  on  factory  cooked,  paper  packaged  food,  complete 
dependence  upon  wages  or  salary  for  a  livelihood  with  no  re- 
course to  farms  or  villages  for  partial  or  temporary  relief  from 
unemployment,  living  conditions  that  promote  tuberculosis, 
venereal  disease  and  other  crowd  maladies;  these  and  similar 
circumstances  of  city  life  that  spring  from  modern  industry, 
have  forced  15  to  20  per  cent  of  our  people  below  the  line  of  ade- 
quate, permanent  self-support.  Only  in  times  of  extremely 
abundant  employment  does  the  percentage  fall  to  10. 

In  a  herd  of  livestock  if  10  to  20  per  cent  yielded  no  milk 
or  wool  or  eggs,  and  were  unfit  for  meat,  the  owner  would  be 


bankrupt.  No  farmer  would  permit  his  stock  to  sink  to  that 
low  ebb,  except  through  malignant  disease  or  prolonged  drought. 

Yet  industry  which  depends  upon  capable,  contented  labor 
to  produce  goods,  and  on  normal  thrifty  people  to  consume 
them  is  confronted  by  a  population  of  which  one-fifth,  on  the 
average,  has  been  surrounded  by  conditions  beyond  their  indi- 
vidual control,  which  make  them  collectively  a  steadily  increasing 
economic  and  social  dead  load;  economic  because  if  employed 
they  are  incompetent,  and  if  idle  they  must  be  fed,  clothed,  and 
housed;  social  because  every  adult  man  and  woman  of  them  is 
a  persistent  voter. 

This  submerged  fifth  dominates  city  elections.  They  roll  up 
huge  metropolitan  majorities  in  election  of  politicians  who  cater 
more  and  more  to  the  selfish,  emotional  demands  of  the  ignorant 
and  unthinking.  They  elect  men  who  vote  huge  sums  in  long 
term  bonds  for  short-lived  improvements;  men  who  enact  laws 
of  momentary  expediency  designed  to  regulate  and  restrict  engi- 
neering industry  to  the  verge  of  bankruptcy. 

When  the  chemical  industry,  the  railroads,  the  telephone  or 
electric  power  companies,  or  other  enterprises  of  modern  applied 
science  seek  legal  enactments  in  harmony  with  economic  and 
biological  laws  we  are  overruled  by  these  legislators. 

IN  AN  ARTICLE,  "PHILANTHROPIC  DOUBTS,"  IN  LAST  SEPTEM- 
BER'S Atlantic  Monthly,  Mrs.  Cornelia  Cannon,  wife  of  the  dis- 
tinguished biologist,  Walter  B.  Cannon,  discusses  the  more 
salient  features  of  social  charity.  She  sets  forth  the  fact  that 
charity  does  little  more  than  wrap  costly  sterilized  bandages 
around  social  cut  fingers  that  would  not  have  been  cut  if  we  had 
whittled  away  from  us.  She  reaches  the  conclusion  that  charity 
is  a  practical  failure  because  it  is  neither  constructive,  pro- 
gressive nor  preventive.     It  is  merely  static. 

"Philanthropists  belong  to  the  class  on  which  the  injustices 
of  our  present  basis  of  society  have  borne  lightly,"  says  Mrs. 
Cannon.  "They  serve  unconsciously  as  a  bulwark  of  the  status 
quo,  for  whose  defects  they  are  ready  and  eager  to  apply  pallia- 
tives. They  are  the  great  menders  and  patchers-up  of  society, 
not  the  surgeons  who  cut  deep  into  the  festering  sore  and  scrape 
the  bone.  They  express  the  tenderness  and  pity  of  man,  not 
his  reasoning  intelligence.  So  long  as  we  placate  our  intelli- 
gence and  pacify  our  consciences  by  our  philanthropies,  we  put 
off  the  day  of  attack  on  the  sources  of  poverty." 

She  urges  more  effective  citizenship  of  intellectual  people,  to 
the  end  that  we  root  up  the  causes  of  poverty. 

RURAL  AND   VILLAGE  COMMUNITIES  HAVE  NO  POVERTY  OF  THE 

SORT  THAT  BURDENS  INDUSTRIAL  CITIES.  Modem  industry  has 
brought  modern  poverty.  Highly  specialized  industry  has 
stripped  the  individual  of  his  resources  of  individuality,  even 
to  the  extent  that  he  no  longer  prepares  his  own  food  or  shines 
his  own  shoes.  His  amusements  have  become  passive  and 
commercial.  Eighteen  thousand  people  sitting,  watching 
eighteen  men  hired  to  play  baseball,  is  the  national  game.  Nat- 
urally, under  these  conditions,  when  life's  burdens  grow  heavy, 
the  individual  with  minor  ambition.lies  down  and.  lets  the  comr . 
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munity  lug  his  load.     And  the  community  competes  for  the  job. 

Psychological  analysis  of  the  drafted  men  showed  about  15 
per  cent  in  Class  D,  Inferior  Intelligence,  and  10  per  cent  more 
in  Class  D  — ,  Very  Inferior  Intelligence — 25  per  cent  in  all. 
These  men  and  their  sort,  who  were  not  worth  shipping  to 
France,  are  the  people  that  charity  fosters  and  rears.  A  statis- 
tician has  figured  that  at  the  present  rate  of  increase  of  the 
subnormal  and  the  declining  birthrate  of  the  rest  of  us  we  will 
all  be  paupers,  idiots,  or  insane  in  267  years. 

It  is  a  vital  necessity  that  the  industries  that  arose  from 
science  applied  to  the  mechanic  arts  by  chemists  and  engineers 
shall  undertake  similar  research  to  transform  the  parasitic  20 
per  cent  into  self-supporting  people. 

THE   PROFITS    OF   NINETEENTH-CENTURY    INDUSTRY   Came    from 

e.xploitation  of  natural  resources  and  from  creation  of  huge, 
new  industries  by  applied  science — steel,  automobiles,  moving 
pictures,  talking  machines,  dyes.  All  these  enterprises  were 
made  successful  by  managers,  staff,  and  workmen  who  had 
superior  versatility  and  resourcefulness  acquired  on  the  farms 
and  in  the  villages  where  they  were  raised.  As  these  reservoirs 
of  material  and  human  resources  are  becoming  exhausted,  the 
profits  of  twentieth-century  industry  must  come  from  correct 
social  adjustment;  from  elimination  of  social  waste,  mainte- 
nance of  cheap,  abundant  prime  necessaries  of  life — food,  cloth- 
ing, housing — and  modernized  primary  and  secondary  education. 


Unless  these  social  factors  be  brought  into  and  kept  in  harmony 
with  economic  and  biological  laws,  industry  and  all  thrifty 
people  will  be  crushed  by  wages  inflated  by  high  cost  of  simple 
living,  and  by  confiscatory  taxation  and  legislation  that  is  the 
legal  expression  of  hostile  public  opinion  of  the  majority,  a 
majority  made  chiefly  by  the  incompetent  and  charity  classes, 
D  and  D-. 

These  jaws  of  the  social  industrial  vise — high  cost  of  living 
and  confiscatory  public  opinion — are  steadily  closing  in  on  the 
railroads,  the  telephones  and  upon  all  public  utilities  and  in- 
dustrial enterprises  in  which  the  savings  and  life  insurance  of 
thrifty  people  are  invested.  Unless  these  forces  be  diverted 
into  constructive,  economic,  biological  work  we  chemists  and 
engineers,  and  indeed  all  intellectual  people,  will  be  smothered 
by  the  suffocating  forces  of  mediocrity.  It  has  already  happened 
in  Russia. 

COMMUNITY  CHESTS  will  be  industrial  coffins  if  they  be  used 
only  to  provide  money  for  additional  courses  on  the  walls  of  the 
already  too  high  reservoir  of  city  poverty  and  social  discontent. 
But  if  they  supply  administrative  ability  and  adequate  funds 
for  social  scientific  research  to  disclose  the  causes  of  poverty 
and  to  set  the  subnormal  fifth  of  our  people  at  steady,  productive 
work,  they  will  be  life-buoys  for  the  thrifty  and  for  industry. 
They  offer  an  opportunity  for  chemists  and  engineers  to  under- 
take practical  citizenship  of  the  highest  order. 


PERKIN  MEDAL  AWARD 


The  sixteenth  award  of  the  Perkin  Medal  was  made  to  Dr. 
William  M.  Burton,  President  of  the  Standard  Oil  Company  of 
Indiana,  at  the  meeting  of  the  American  Section  of  the  Society 
of  Chemical  Industry,  held  in  Rumford  Hall,  Chemists'  Club, 
New  York  City,  Friday  evening,   January  13,  1922. 

The  meeting  was  unique  in  that  four  past  presidents  of  the 
Society,  Drs.  Chandler,  Remsen,  Nichols,  and  Bogert,  were 
present  on  the  platform.  It  had  been  expected  that  Dr.  R.  F. 
Ruttan  of  Toronto,  the  present  head  of  the  Society,  with  whom 
our  American  chemists  became  acquainted  at  the  meeting  in 
New  York  last  September,  would  also  be  present  at  the  meet- 
ing, but  he  was  unable  to  attend. 

In  his  introductory  remarks,  Mr.  S.  R.  Church,  Chairman  of 
the  Section,  declared  that  "seldom  if  ever  has  the  Perkin  Medal 
Award  attracted  such  widespread  interest  as  has  been  aroused 
concerning  the  present  event.  In  .selecting  the  medalist  from 
a  great  industry  that  is  outside  the  narrow  classification  of 
chemical  industries,  the  Medal  Committee  has  once  more  demon- 
strated a  catholic  consideration  of  the  problem,  'What  consti- 
tutes a  signal  achievement  in  applied  chemistry?'  " 

Dr.  Ira  Remsen  dwelt  on  Dr.  Burton  as  a  student  at  Johns 
Hopkins.  He  emphasized  the  essentials  of  a  successful  career 
in  chemistry  or  any  other  professional  activity,  as  being  funda- 
mental knowledge,  imagination,  courage,  patience,  and  skill. 
Dr.  Remsen  called  attention  to  the  point  which  was  also 
stressed  by  Dr.  Herty  and  Mr.  Wiles,  that  in  the  case  of  Dr. 
Burton  we  have  a  chemist  recognized  as  an  executive.  Dr. 
Remsen  declared  that  more  and  more  chemists  are  coming  into 
executive  positions,  both  in  educational  institutions  and  the 
industries,  and  urged  that  it  is  the  duty  of  the  chemist  to  enter 
into  such  activities. 

Dr.  Herty's  sympathetic  picture  of  the  personality  of  Dr. 
Burton,  Mr.  Wiles'  discussion  of  the  future  of  the  chemist  in 
industry  as  seen  by  a  patent  attorney,  and  Dr.  Burton's  addre.ss 
of  acceptance  are  printed  herewith. 

The  medal  was  i)rescnted  by  Dr.  Chas.  F  Chandler,  as  Senior 
Past  President  of  the  Society,   residing   in   this  country.     Dr. 


^Chandler  recounted  briefly  Dr.  Burton's  industrial  career.  He 
became  chemist  wdth  the  Standard  Oil  Company  at  Cleveland, 
Ohio,  in  1889,  was  transferred  to  the  Standard  Oil  Company  of 
Indiana  in  1890,  became  assistant  superintendent  of  the  works 
in  1892,  general  superintendent  in  1895,  director  in  1911,  vice 
president  in  1915,  and  president  in  1918.  Dr.  Chandler  dwelt 
particularly  on  the  trip  which  he  and  Dr.  Burton  made  to  Ger- 
many in  1895,  as  representatives  of  the  Standard  Oil  Company, 
to  prevent  adverse  legislation  on  the  part  of  the  German 
government  against  American  petroleum. 

Dr.  Burton  received  the  Willard   Gibbs  Medal  in  1918,'  in 
recognition  of  his  distinguished  work  in  petroleum  chemistry. 


The  Personal  Side  of  Dr.  Burton 
By  Chas.  H.  Herty 

The  charm  of  biography  persists  always.  The  results  of  a 
successful  man's  work  are  set  forth  in  the  public  record,  whether 
it  be  in  the  form  of  scientific  publications,  of  oflicial  status,  of 
.some  great  engineering  feat,  of  the  size  of  his  income  tax,  or  what 
not.  Back  of  the  life  accomplishment,  however,  is  the  person- 
ality of  a  human  being  who,  following  the  bent  of  his  own  genius, 
has  triumphed  over  the  difficulties  which  beset  us  all. 

What  manner  of  man  did  it?  That  is  the  question  which 
kindles  a  different  kind  of  interest  from  that  due  to  a  knowledge 
of  what  the  accomplishment  is.  For  out  of  such  studies  of  many 
typos  of  men  we  gain  here  and  there  suggestions,  self-applicable, 
which  help  ns  over  our  own  rough  spots  and  give  us  hope. 

In  the  case  of  Dr.  Burton,  or  "Billy,"  as  he  was  lovingly  called 
by  us  in  student  days  at  Johns  Hopkins  University,  there  is 
added^anothcr^to  the  long  list  of  successful  men  who  were  born 
'  Tiiis'jouRNAi,,  10  (1»18),  483. 
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in  the  country  and  passed  their  early  days  entirely  ignorant  of 
cement  sidewalks.  What  a  pity  we  couldn't  all  have  persuaded 
our  parents  to  move  out  to  the  country  before  we  were  born. 
At  any  rate,  it  was  Billy's  good  luck  to  enter  the  world  under 
such  favoring  circumstances  in  the  year  1865.  In  1886  he  gradu- 
ated from  Western  Reserve  University,  receiving  the  A.B. 
degree.  The  next  three  years  were  spent  at  Johns  Hopkins 
University,  from  which  insti- 
tution in  1889  he  received 
the  Ph.D.  degree. 

It  is  peculiarly  fitting  that 
the  Perkin  Medal  should  be 
awarded  to  him  in  this  the 
first  year  of  President  Hard- 
ing's administration,  for  right 
well  does  he  represent  the 
return  to  normalcy,  all  of  his 
friends  to  whom  I  have  writ- 
ten emphasizing  the  fact  that 
from  boyhood  to  the  present 
time  he  has  always  been  a 
normal  individual.  He  has 
cultivated  no  particular  hob- 
by, considered  by  many  to 
be  an  essential  necessary  to 
distinction,  but  has  carried 
through  life  a  love  of  experi- 
ment and  an  ardent  zest  for 
the  lathe  and  mechanical 
tools.  It  is  easy  to  under- 
stand, therefore,  that  in  the 
environment  in  which  he  has 
worked  he  not  only  succeeded 
in  cracking  oil  but  carried  the 
work  on  to  a  successful  appli- 
cation on  a  large  scale. 

He  plays  no  outdoor  games, 
not  even  golf.  This  sounds 
abnormal,  but  to  offset  it  he 
recently  obtained  keenest  sat- 
isfaction in  installing  in  his 
home  under  his  personal 
direction  a  radiator   system 

at  one-fifth  the  estimate  furnished  by  a  contractor,  and  who 
wouldn't  rejoice  at  getting  the  best  of  a  plumber?  I  insist 
he  is  normal. 

To  him  the  days  of  college  life  and  associations  are  as  full  of 
meaning  as  ever  and  he  wears  still  his  college  fraternity   pin. 

Steadily  he  has  been  advanced  in  that  company  with  which 
he  began  work  after  completing  his  university  training,  until 
to-day  he  occupies  the  presidency. 

Throughout  this  advancement  he  has  remained  the  same 
sincere,  sympathetic,  level-headed  man  to  whom  his  friends  and 
associates  come  with  their  problems  for  his  sound  advice. 

That  he  has  worthily  won  this  great  honor  from  his  associates 
in  business  all  agree,  that  throughout  it  all  he  has  preserved 
his  unaffected  selflessness  all  will  rejoice;  but  there  is  another 
aspect  of  his  success  which  deserves  not  only  record  here  but 
wide  heralding  at  this  stage  in  the  development  of  American 
chemical  industries.  The  industry  with  which  he  is  connected 
is  one  of  our  early  and  now  thoroughly  stabilized  industries, 
and  it  is  peculiarly  worthy  of  note  that  the  Standard  Oil  Com- 
pany of  Indiana  has  chosen  for  its  chief  executive  a  chemist. 
Not  all  chemists  are  qualified  to  be  executives,  but  certainly 
our  chemical  industries  will  be'placed  on  a  much  sounder  basis 
when  the  chemist  of  proper  qualifications  is  given  opportunity 
to  share  in  the  determination  of  corporate  policies.  Billy 
Burton's  record  may  yet  prove  the  harbinger  of  a  new  day. 


William 


The  Chemist  in  Industry 

By  Russell  Wiles 

The  patent  lawyer  is  in  a  peculiarly  favorable  position  to  ob- 
tain a  bird's-eye  view  of  industry  as  a  whole  and  of  the  general 
tendencies  of  industrial  development.     No  one  is  in  such  close 
touch  with  so  many  industries  and  certainly  no  one  has  had  occa- 
sion to  study  the  general  prog- 
ress of  industry  so  carefully. 
Epochs  of  Industrial 

Progress 
Industrial  progress  might 
be  divided  into  epochs  almost 
as  distinct  from  each  other 
as  the  paleolithic  and  the 
neolithic  ages  and,  like  those 
ages,  overlapping  each  other. 
The  first  great  stride  toward 
modern  industry  was  the 
steam  engine.  To  it,  for 
many  years,  inventors  have 
given  their  best  eflorts,  but 
so  far  as  great  progress  in 
this  field  is  concerned  noth- 
ing has  been  done  for  years. 
The  steam  engine  having 
supplied  power,  there  fol- 
lowed an  immense  develop- 
ment of  power-driven  ma- 
chinery of  all  sorts,  resulting 
in  the  production  of  old 
articles  at  lower  prices  and 
countless  new  articles  which 
it  would  not  have  paid  to 
make  by  old  methods.  While 
new  machines  are  still  being 
made,  very  little  of  a  novel 
or  fundamental  character  has 
been  done  for  many  years. 
The  principles  of  machine 
design  are  well  understood, 
M.  Burton  and     it     is     the     commonly 

accepted  belief  that  an  auto- 
matic machine  can  be  made,  which  will  do  anything  desired, 
providing  the  demand  for  its  product  is  sufficiently  great  to 
justify  machine  manufacture. 

For  the  last  half  century  the  most  conspicuous  inventions 
have  been  those  of  the  electrician.  He  has  given  us  the  tele- 
phone, the  telegraph,  the  dynamo,  the  motor,  the  electric  light, 
and  countless  minor  conveniences,  the  aggregate  effect  of  which 
has  been  to  revolutionize  society.  The  work  of  the  electrician 
has  not  ceased,  but  the  fundamental  principles  of  electricity 
are  quite  thoroughly  developed  and,  in  the  main,  progress  will 
probably  follow  lines  which  are  to-day  generally  predictable. 
Of  recent  years  the  development  of  the  internal  combustion 
engine  has  provided  us  with  many  hitherto  unknown  luxuries, 
conveniences,  and  necessities. 

The  Place  of  the  Chemist 

It  is  only,  however,  in  the  last  few  years  that  the  chem- 
ist has  begun  to  take  his  proper  place  in  industrial  development. 
Great  chemical  discoveries  have  been  made  in  the  past.  Much 
has  been  done  in  chemistry  as  a  pure  science,  but  it  is  within 
comparatively  recent  years  that  the  chemist  has  emerged  from 
his  laboratory  and  that  industry,  as  a  whole,  has  felt  the  need  of 
close  cooperation  with  him.  Where,  ten  years  ago,  big  practical 
applications  of  chemistry  were  rare  or  confined  to  a  few  special- 
ized industries,  to-day  nearly  every  progressive  plant  is  regularly 
employing   chemical   assistance  in   one   form   or  another,   and 
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there  is  scarcely  an  industry  which  has  not  been  more  or  less 
affected  by  the  progress  of  chemical  science.  Chemical  in- 
ventions, at  least  as  exemplified  in  my  own  practice,  are  at  least 
ten  times  as  numerous  as  they  were  a  decade  ago. 

The  work  of  Dr.  Burton  may  well  be  regarded  as  an  early 
example  of  the  great  things  the  chemist  is  to  accomplish  in  the 
future,  rather  than  as  an  achievement  which  is  to  be  unique  in 
history.  The  epoch-making  inventions  of  the  future  will  prob- 
ably be  those  of  the  chemist  and  physicist.  It  is  hard,  indeed, 
in  this  day  of  physical  chemistry  and  molecular  physics  to  say 
where  one  science  begins  and  the  other  leaves  off.  Perhaps  it 
is  in  the  border  region  common  to  both  that  we  may  look  for  the 
most  startling  discoveries. 

The  chemist  is  to-day  not  only  giving  us  fresh  supplies  of  old 
products,  usually  in  better  and  purer  form  than  we  had  before, 
and  at  lower  prices,  but  he  is  giving  us  new  compounds  of  every 
•conceivable  character  with  which  to  rebuild  our  general  industrial 
structure.  The  time  is  not  far  distant  when  no  engineering  un- 
dertaking will  be  complete  until  the  chemist  has  been  consulted 
to  ascertain  if  the  structural  materials  are  the  best  that  can  be 
obtained  for  the  specific  purpose.  It  will  be  as  much  the  duty 
of  the  engineer  of  the  future  to  build  out  of  the  right  materials, 
"whether  synthetic  or  otherwise,  as  to  build  the  right  size  and 
■shape.  The  arts  are  to  have  available  for  their  use  not  a  few 
dozen  basic  materials  of  which  everything  must  be  built  but 
thousands  of  materials,  each  having  special  points  of  advantage 
for  certain  particular  uses,  and  chemical  processes  are  sure  to 
replace  many  complex  mechanical  ones.  The  chemist  will 
revolutionize  industry,  not  once  but  dozens  of  times.  Indeed, 
it  may  well  be  questioned  how  long  the  name  of  your  Society 
will  remain  distinctive.  I  expect  to  see  the  day  when  all  in- 
dustry will  be  more  or  less  chemical  industry. 

That  the  oil  industry,  as  particularly  exemplified  by  the 
Standard  Oil  Company  of  Indiana,  has  been  perhaps  the  first 
big  established  industry  to  be  thoroughly  overturned  by  the 
work  of  the  chemist,  is  partly  fortuitous — partly  due  to  the 
-remarkable  ability  of  him  whom  we  gather  to  honor  to-night, 
and  partly  due  to  the  remarkable  organization  which  he  has 
built  up. 

It  was  the  discovery  of  the  evil-smelling  sulfur-bearing  oil  in 
Ohio  which  forced  the  chemist  into  the  oil  business.  Dr.  Biu-ton 
was  one  of  the  very  first  thoroughly  trained  chemists  in  the  oil 
industry.  His  solid  groundwork  in  pure  science  had  been 
acquired  under  Dr.  Ira  Remsen,  who,  perhaps  more  than  any 
•one  else,  is  responsible  for  what  the  American  chemist  is  to-day. 
Bringing  a  thoroughly  scientific  point  of  view  and  applying  to 
his  problems  the  methods  of  pure  science,  with  his  great  natural 
ability  and  indefatigable  industry,  it  was  entirely  unavoidable 
that  Dr.  Burton  should  profoundly  affect  the  industry  in  one 
way  if  not  in  another.  No  man  has  ever  had  a  more  promising 
field — an  enormous  industry  dealing  with  problems  which  ought 
to  be  handled  in  an  essentially  chemical  manner  and  having  no 
chemists  at  all.  Dr.  Burton  would  be  the  first  to  recognize  his 
splendid  opportunity,  and  it  is  characteristic  of  him  that  his 
opportunity  never  was  neglected. 

Organization  of  Staff  of  Standard  Oil  Company  of  Indiana 

But  Dr.  Burton  alone  never  could  have  accomplished  what 
has  been  done  by  the  vStandard  Oil  Company  of  Indiana.  There 
has  been  much  discussion  in  big  corporations  as  to  the  best 
method  of  correlating  the  scientific  force  with  the  manufacturing 
force.  All  sorts  of  experiments  have  been  attempted  and  all 
sorts  of  systems  have  been  devised.  The  system  worked  out 
by  the  Standard  Oil  Company  of  Indiana,  largely  at  the  insti- 
gation of  Dr.  Burton,  and  of  recent  years  under  his  guidance, 
is  unique  and  amazingly  successful.  None  but  a  scientifically 
trained  man  would  have  dreamed  of  such  a  system,  and  the 
operations  of  the  Indiana  Company  are  the  best  demonstration 
of  the  industrial  value  of  .scientific  training. 


The  system  is  founded  on  the  premise  that  a  scientifically 
trained  man  is  a  good  man  for  any  job;  the  scientific  staff  does 
not  cooperate  with  the  manufacturing  staff — it  has  become  the 
manufacturing  staff.  The  practice,  so  far  as  concerns  chemists, 
has  been  to  take  on  trained  men  for  the  laboratory  force  pre- 
cisely as  in  many  other  plants.  After  brief  association  with 
the  laboratory,  during  which  the  newcomer  can  become  familiar 
with  the  peculiar  problems  of  the  works  and  particularly  of  some 
special  department  to  whose  problems  he  is  assigned,  he  leaves 
the  laboratory  and  goes  into  the  works  in  some  subordinate 
capacity.  It  then  becomes  his  prime  duty  to  test,  on  a  practical 
scale,  whatever  improvements  may  fall  within  the  sphere  of  his 
department.  Having  once  become  established  in  the  works,  it 
has  been  found  that  almost  without  exception  the  scientific  men 
become  excellent  executives  and  their  promotion  is  rapid. 

The  result  is  that  the  manufacturing  department  of  the 
Company  not  only  maintains  an  excellent  research  department, 
but  that  the  whole  manufacturing  organization  from  top  to  bot- 
tom is  largely  dominated  and  controlled  by  men  of  scientific 
training.  The  Standard  Oil  Company  of  Indiana  is  unique  in 
this  regard  and  the  tremendous  success  of  its  manufacturing 
department  must  be  very  largely  attributed  to  the  superb 
organization  which  Dr.  Burton  conceived  and  has  built. 

The  system  has  been  worked  out  to  the  fullest  extent  at  the 
largest  plant  of  the  Company.  Let  it  not  be  understood  that  the 
chemists  are  the  only  men  of  scientific  training  in  the  organiza- 
tion. There  are  more  chemists  here  in  executive  positions 
than  in  any  other  industry  of  which  I  am  aware,  but  along  with 
them  are  a  considerable  number  of  engineers  holding  equally 
important  positions,  and  whose  cooperation  on  many  problems 
is  vitally  necessary.  We  have  become  accustomed  to  finding 
engineers  in  executive  positions;  the  Standard  Oil  Company  of 
Indiana  is  unique  in  the  number  of  chemists  similarly  employed. 
And  it  is  unique,  too,  in  the  almost  complete  control  of  its 
manufacturing  department  by  men  of  scientific  college  traming. 
A  brief  survey  of  the  personnel  of  the  Company  is  extremely 
illuminating  and  is  one  complete  answer  to  the  problem  of  the 
relation  of  the  scientific  man  to  industry.  Of  the  men  I  am  about 
to  enumerate,  the  majority  hold  a  doctor's  degree,  and,  those 
who  do  not,  have  had  undergraduate  training  of  an  extremely 
thorough  character  in  science  or  have  the  training  of  engineers. 

The  scientists  in  the  Indiana  Company  include  the  president, 
another  director,  the  general  manager  of  western  plants  and 
his  assistant,  the  superintendent,  assistant  superintendent, 
refinery  superintendent,  paraffin  works  superintendent, 
assistant  superintendent  of  acid  works,  and  head  chemists, 
all  of  Whiting,  the  head  of  the  department  of  service  to  licen- 
sees, in  addition  to  the  usual  corps  of  research  men  in  the  labora- 
tory. With  such  an  organization  no  problem  in  applied  chem- 
istry seems  difficult.  There  is  scarcely  a  man  on  the  manufactur- 
ing staff  who  is  not  personally  capable  of  solving  any  ordinary 
chemical  problem,  of  clearly  understanding  and  passing  judg- 
ment on  any  chemical  processes  submitted,  or  of  putting  any 
ordinary  chemical  process  into  practical  operation. 

Dr.  Burton  must  be  given  the  credit  for  evolving  this  system 
and  developing  this  organization.  He  has  proved  by  the  acid 
test  of  practice  that  the  scientifically  trained  chemist  is  not 
only  a  good  theorist  but  nine  times  out  of  ten  a  first-class  execu- 
tive, and  that  as  an  executive  he  is  supremely  successful,  because 
of  the  accuracy  with  which  he  can  predict  results  anil  the  speed 
and  directness  with  which  he  attains  them.  This  work  of  Dr. 
Burton  ranks  high  in  importance  beside  the  creation  of  the 
process  which  bears  his  name. 


In  extending  to  William  M.  Burton  this  highest  honor  in  your 
power,  you  honor  one  who  has  brought  honor  and  credit  to 
your  profession,  a  scientist  of  scholarly  ideals  and  high  attain- 
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ments,  an  organizer  of  broad  vision  and  confident  faith  in  the 
future,  an  efficient  and  successful  executive  and,  perhaps, 
greatest  of  all,  a  leader  of  men.  Dr.  Burton  asks  nothing  of 
his  men  which  he  is  not  capable  of  doing  himself.  His  greatest 
tribute,  greater  far  than  any  award  for  scientific  attainments, 
is  the  affectionate  regard  of  those  with  whom  he  has  worked 
for  so  many  years  and  who  know  him  best.  Our  greatest  re- 
wards are  not  degrees  or  diplomas,  medals  or  decorations,  but 
the  esteem  and  affection  of  our  associates.  These  Dr.  Burton 
has  long  had  in  abundant  measure. 

But  in  honoring  hira  you  celebrate  a  great  achievement  of 
your  own  great  profession.  May  this  be  only  one  of  a  host 
of  like  achievements  which  you  have  reason  to  recognize.  May 
these  awards,  from  year  to  year,  mark  equally  great  gifts  to 
human  knowledge  and  human  comfort.  The  day  of  the  chemist 
is  here.     You  hold  the  future  of  industry. 


Address  of  Acceptance 

By  William  M.  Burton 

The  work  done  under  my  direction  which  has  perhaps  attracted 
the  most  attention  was  carried  on  principally  in  the  laboratory 
and  refinery  of  the  Standard  Oil  Company  at  Whiting,  Indiana, 
and  consisted  in  devising  ways  and  means  for  the  practical 
conversion  of  high-boiling  fractions  of  petroleum  into  low- 
boiling  fractions  in  such  a  way  as  to  insure  substantial  yields 
of  suitable  products  with  a  minimum  loss  and  at  a  reasonable 
expense. 

The  problem  became  imperative  with  the  advent  of  the 
internal  combustion  engine  about  fifteen  years  ago.  The  most 
commonly  known  example  of  such  an  engine  is,  of  course,  the 
automobile  which,  as  constructed  to-day,  requires  a  fuel  that 
evaporates  at  comparatively  low  temperatures,  has  a  high  heat 
value  expressed  in  British  thermal  units,  burns  without  leaving 
objectionable  residues,  does  not  possess  an  objectionable  odor, 
is  low  priced,  and  can  be  produced  in  large  quantities.  Benzene, 
toluene,  and  alcohol  are  fairly  well  suited  for  the  purpose,  but 
their  cost  and  their  small  volume  of  production  render  them 
largely  unavailable. 

The  low-boiling  fractions  of  petroleum  naturally  come  into 
use  for  this  purpose  and  up  to  about  1910  the  supply  of  this 
fuel  was  sufficient  to  meet  the  demand.  In  fact,  the  automo- 
bile provided  an  outlet  for  the  sale  of  these  products  which,  to 
some  extent,  had  been  a  drug  on  the  market  in  the  oil  world. 
The  older  refiners  in  the  country  will  remember  when  these 
so-called  naphtha  products  were  thrown  away  and  allowed  to 
run  down  the  streams  adjacent  to  the  refineries,  thereby  causing 
a  wilful  waste  and  a  fire  menace  to  the  surrounding  neighborhood. 

Prior  to  1910  the  average  yield  of  naphtha  or  gasoline  products 
from  crude  oil  in  the  United  States  was  about  eleven  per  cent, 
this  yield  representing  only  the  amount  of  such  products  (of  the 
quality  desired  at  that  time)  normally  present  in  the  crude 
petroleum,  their  separation  being  secured  by  ordinary  methods 
of  distillation  at  atmospheric  pressure;  and,  further,  this  small 
yield  was  sufficient  to  furnish  all  that  was  needed  for  gasoline 
stoves  and  other  industrial  purposes  prior  to  the  advent  of  the 
internal  combustion  engine  for  transportation  purposes. 

When  the  automobile  came  into  general  use,  however,  it  was 
perfectly  clear  that  the  normal  yield  of  naphtha  products  suit- 
able for  fuel  in  self-propelled  vehicles  would  not  be  nearly  enough. 
At  that  time  our  refineries  were  selling  about  forty  per  cent  of 
the  products  of  crude  oil  for  use  as  fuel  and  for  gas-making  pur- 
poses in  lieu  of  coal.  The  remaining  sixty  per  cent  represented 
the  normal  yield  of  naphtha  and  gasoline,  illuminating  and 
lubricating  oils. 

The  above-mentioned  forty  per  cent  fuel  and  gas  oil  com- 
prised fractions  boiling  between  225°  and  375°  C.     These  oils 


could,  if  necessary,  be  withdrawn  from  the  market,  and  our 
problem  was  to  convert  them  so  far  as  possil:)le  into  fractions 
boiling  between  40°  and  200°  C,  the  product  to  be  equal  in 
quality  to  normal  naphtha  products  and  the  yield  and  operating, 
expense  to  be  commercially  practicable. 

Early  Experiments 

Our  first  experiments  were  directed  toward  making  a  suitable- 
product  by  superheating  the  high-boiling  vapors  as  such,  but 
without  pressure,  somewhat  along  the  practice  observed  in 
making  Pintsch  gas.  We  soon  found,  however,  that  this  so- 
called  "cracking"  in  the  vapor  phase  required  a  temperature- 
so  high  that  the  aliphatic  hydrocarbons  contained  in  the  petro- 
leum were  largely  converted  into  cyclic  and  aromatic  bodies  and 
fixed  gases,  unsuited  for  our  purpose.  The  yield  was  poor  and 
the  quality  most  undesirable.  Obviously  our  problem  included 
the  proposition  of  reducing  the  molecular  weight  without  chang- 
ing the  general  structure. 

We  next  tried  the  use  of  various  reagents  and  catalyzers,, 
such  as  aluminium  chloride  and  ferric  oxide.  Anhydrous  alumin- 
ium chloride,  indeed,  produced  some  rattier  remarkable  results. 
The  yield  and  quality  of  naphtha  products  were  fairly  satis- 
factory but  there  was  a  substantial  loss  of  oil  in  the  operations, 
and  the  first  cost  of  the  anhydrous  aluminium  chloride,  as  well 
as  the  difficulty  in  recovering  it  from  the  residues,  rendered  this 
plan  unattractive. 

Nearly  thirty  years  ago  Sir  Boverton  Redwood  and  Professor 
Dewar  in  England  patented  a  pressure  distilling  process  for  the 
purpose  of  increasing  the  yield  of  kerosene  oil  from  the  residues 
of  Russian  crude  petroleum,  but  it  never  was  applied  industrially. 
It  has  been  known,  therefore,  for  some  years  that  distilling 
petroleum  under  pressure  served  to  break  down  the  high-boiling 
fractions  into  low-boiling  fractions  but,  as  far  as  we  could  learn, 
no  one  had  ever  done  it  on  the  large  scale  and,  in  fact,  such  a 
proposition  could  not  commend  itself  to  a  practical  refiner  be- 
cause of  the  ob\ious  dangers  from  explosions  and  fires. 

But  having  tried  everything  else  that  suggested  itself,  we 
attacked  the  problem  of  distilling  petroleum  in  considerable 
quantities  (8000  to  12,000  gallons)  under  pressure  of  about 
five  atmospheres.  Our  first  still  was  of  a  welded  design  and  was 
planned  to  handle  100  gallons  of  the  high-boiling  fractions. 
Obviously,  the  raw  material  first  to  be  tried  consisted  of  the  so- 
called  fuel  oil,  or  reduced  crude,  meaning  the  residue  of  crude 
oil  after  the  more  valuable  products  had  been  removed.  We 
soon  found  that  we  could  not  work  profitably  with  this  product; 
when  distilled  with  or  without  pressure  it  produced  quantities 
of  coke  that  deposited  on  the  bottom  of  the  still  and  caused  a 
red-hot  bottom  that  would  not  stand  any  rise  in  pressure.  The 
next  proposition  comprised  the  use  of  high-boiling  distillates  from 
the  crude,  ii'z.,  oils  boiling  from  225°  C.  upwards.  We  distilled 
these  distillates  at  a  pressure  of  about  five  atmospheres  and  were 
thereby  able  to  hold  down  the  temperature  to  a  moderate  figure, 
the  cracking  being  done  in  the  so-called  liquid  phase.  We 
found  to  our  intense  gratification  that  the  low-boiling  fractions 
produced  belonged  mostly  to  the  paraffin  series,  which  were 
easily  deodorized  and  finished  into  products  suitable  for  sale. 
Further,  the  yield  of  salable  liquid  was  good  and  the  production 
of  fixed  gases  and  coke  was  small. 

Large-Scale  Development 

Experimentally,  therefore,  our  work  was  successful.  But 
the  big  problem  remained  to  be  solved.  Could  we  build  large 
equipment  that  would,  in  a  practical  way,  secure  the  desired 
results  and  at  the  same  time  be  durable  and  reasonably  free  from 
the  fire  hazard  that  always  attends  operations  in  an  oil  refinery? 
Some  of  our  practical  men  said  we  could,  but  more  of  them  said 
we  couldn't.  In  this  case,  however,  the  majority  was  overruled 
and   we  immediately  prepared  plans  and   specifications  for  a 
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still  eight  feet  in  diameter  and  twenty  feet  long,  built  of  one- 
half  inch  mild  steel  plate,  which  would  charge  6000  gallons  of 
raw  material.  It  had  a  safety  factor  of  5,  the  working  pressure 
to  be  100  poiuiils  and  the  bursting  pressure  500  pounds. 

The  still  was  built  and  charged,  with  many  misgivings  on  the 
part  of  the  doubters,  but  with  boldness  and  confidence  exhibited 
by  the  rest  of  us.  So  soon  as  we  had  the  still  hot  and  pressure 
began  to  develop,  we  encountered  our  first  difTiculty.  The 
still  was  built  in  a  workmanlike  manner  and  would  have  made  a 
good  steam  boiler,  but  rivets  and  seams  leaked  badly  under  oil 
pressure  where  they  would  not  under  steam  pressure.  It  was 
difficult  to  induce  boilermakers  to  calk  the  leaks  while  the  still 
was  hot  and  under  pressure,  but  we  found  men  bold  enough  to 
do  it,  and  the  first  run  was  sufficiently  encouraging  to  induce  us 
to  proceed  further.  But  the  leaks  persisted  until  Nature  came 
to  our  aid  and  the  minute  portions  of  oil  in  the  leaks  gradually 
■carbonized,  they  closed  without  our  aid. 

The  experiments  with  the  large  still  proved  our  results  with 
the  small  one,  vio.,  the  yield  of  suitable  gasoline  fractions  was 
.good;  the  loss  was  trifling;  the  cost  was  reasonable,  and  the 
fire  hazard  under  close  caution  and  supervision  was  not  excessive. 
Further,  we  were  astonished  to  find  that  the  residue  remaining 
in  the  still  contained  substantial  quantities  of  asphaltine  actually 
-created  (from  a  distillate  containing  none  of  it)  by  distillation 
under  pressure. 

We  learned  early  in  the  work  that  operating  at  moderate 
ipressure  required  a  substantial  dephlegmating  system  that 
would  return  to  the  still  fractions  boiling  too  high  for  our  pur- 
pose, and  allow  the  others  to  pass  on. 

A  suitable  safety  valve  that  would  operate  properly  with  oil 
vapors  at  high  temperature  had  to  be  devised.  After  making 
a  number  of  runs  with  our  8  X  20  still,  and  in  view  of  the  fact 
that  the  demand  for  gasoline  was  increasing  at  a  rapid  rate,  we 
asked  for  an  appropriation  of  one  million  dollars  to  build  sixty 
pressure  stills  eight  feet  in  diameter  and  thirty  feet  long,  each 
■charging  8000  gallons  of  raw  material.  Considerable  argument 
was  required  to  convince  any  of  our  directors  that  such  a  rev- 
■olutionary  proposition  could  possibly  be  successful,  but  finally 
they  voted  in  favor  of  it,  and  we  went  ahead. 

It  would  require  much  more  time  than  I  have  at  my  disposal 
this  evening  to  give  a  full  account  of  the  minor  difficulties  that 
arose.  We  had  solved  the  big  points,  but  there  were  many 
smaller  ones.     For  successful  results  we  must  operate  with  the 

■  oil  at  temperatures  from  370°  to  400°  C.  in  the  still.  At  450°  C. 
-steel  begins  to  lose  its  tensile  strength  and  its  capacity  to  with- 
stand pressure.  It  is  clear,  therefore,  that  with  this  narrow 
.margin  great  caution  must  be  exercised  to  prevent  overheating. 

The  human  element  enters  here,  as  it  does  in  every  feature  of 
pressure-still  operation,  but  we  operated  over  eight  years  with 
hundreds  of  these  stills  in  daily  use,  and  manufactured  millions 

•of  barrels  of  gasoline  by  this  method  before  we  had  a  fatal 

.  accident. 

The  Pressure-Still  Industry  To-day 

From  the  humble  beginning  of  the  100-gallon  still  in  our 
•  experimental  laboratory,  the  Standard  Oil  Company  of  Indiana 
has  in  operation  to-day  over  eight  hundred  pressure  stills  having 
a  gross  charging  capacity  of  eight  million  gallons,  and  licensees 
under  our  patents  are  operating  as  many  more,  giving  a  daily 
production  of  two  million  gallons  of  gasoline  out  of  about  twelve 
and  a  half  million  gallons  total  daily  output  in  the  United  vStates 
and  Canada. 

This  amount  of  gasoline  makes  possible  the  use  of  two  millions 

■  of  motor  vehicles  more  than  could  otherwise  have  been  supplied 
from  a  given  consumption  of  crude  petroleum,  and  as  a  corollary 

■of  that  proposition,  and  assuming  20  per  cent  of  gasoline  as  a 
normal  average  yield  from  crude  oil,  the  pressure-still  process 
is  conserving  for  future  consumption  an  amount  of  crude  oil 

T  nearly  equal  to  one  hundred  million  barrels  per  year. 


The  consumption  of  gasoline  by  internal  combustion  engines 
during  the  past  decade  has  increased  at  a  terrific  rate.  In 
1910  the  United  States  consumed  approximately  seven  hundred 
million  gallons,  while  for  1920  the  Bureau  of  Mines  statistics 
show  a  total  gasoline  production  of  four  billion  six  hundred 
million  gallons,  of  which  eight  hundred  and  fifty  millions  were 
made  from  natural  gas,  something  over  three  billion  gallons 
made  by  straight  crude  oil  distillation,  and  seven  hundred  and 
fifty  million  gallons  made  by  the  cracking  process.  Further, 
statistics  show  that  while  the  increase  in  crude  oil  production 
during  the  past  decade  has  been  one  hundred  and  forty-two  per 
cent,  the  increase  in  gasoline  production  has  been  over  seven 
hundred  per  cent,  and  although  some  of  this  gasoline  has  been 
exported,  the  larger  portion  has  been  consumed  by  the  ever- 
increasing  number  of  automotive  vehicles  in  this  country. 

The  increase  in  production  of  crude  oil  has  not  been  com- 
mensurate with  the  increased  demand  for  its  products,  and  the 
pressure-still  process  has  filled  at  least  part  of  the  gap.  Natur- 
ally, one  is  inclined  to  speculate  on  what  the  future  will  be 
regarding  an  adequate  supply  of  these  important  commodities. 
One  suggestion  would  be  that  some  of  the  large  amounts  of  oil 
now  being  used  for  fuel  and  gas-making  purposes  be  replaced 
with  coal,  and  substantial  portions  of  the  oil  used  for  making 
gasoline,  the  coal  consumption,  in  turn,  to  be  replaced  in  part 
by  the  further  development  of  hydroelectric  power. 

The  American  people  are  notoriously  wasteful  in  the  use  of 
natural  resources  with  which  they  are  so  richly  endowed.  It  is 
hoped  the  work  outlined  above  will  be  considered  a  slight  con- 
tribution toward  the  curtailment  of  such  waste. 

It  would  be  obviously  unfair  and  unjust  to  close  this  paper 
without  duly  acknowledging  the  work  done  by  my  associates 
in  successfully  establishing  the  pressure-still  process.  Our 
patent  attorneys,  represented  by  Mr.  Russell  Wiles,  contributed 
many  useful  and  practical  suggestions,  and  if  it  had  not  been 
for  the  invaluable  assistance  of  Dr.  R.  E.  Humphreys,  Mi.  E. 
M.  Clark,  Mr.  T.  S.  Cooke,  and  many  others  connected  with 
the  Standard  Oil  Company  of  Indiana,  satisfactory  results  would 
never  have  been  secured. 


A  new  color  card  showing  dyes  for  cotton  has  been  issued  by 
the  National  Aniline  &  Chemical  Co.,  Inc.,  which  embodies 
several  new  and  useful  features.  For  the  first  time  there  has 
been  produced  a  table  of  dyeings  and  tabulations  explaining 
the  fastness  properties  of  each  one  of  the  dyes  included,  with 
the  information  given  in  easily  understood  language  instead  of 
being  indexed  and  indicated  by  numerals.  The  tabulations 
explain  such  conditions  as  fastness  to  washing,  light,  acid, 
alkali,  and  hot  pressing,  as  well  as  hydrosulfite  discharge  proper- 
ties. General  directions  for  the  use  of  these  dyes  for  cotton 
are  also  given. 


PfanstielU  rare  sugars  and  amino  acids,  to  the  development  of 
which  the  Special  Chemicals  Company  of  Highland  Park,  111., 
has  given  special  attention,  are  now  used  by  investigators  aroimd 
the  world,  from  China  and  Japan,  through  every  land  in  the 
new  world,  to  Ireland,  England,  Denmark,  France,  and  now  to 
Germany.  Because  of  their  purity  they  have  become  a  world 
standard  and  to  America's  credit  it  can  now  be  said  that  another 
important  contribution  has  been  made  to  scientific  accuracy 
and  precision  by  means  of  materials  of  a  new  standard  embody- 
ing the  latest  requirements  of  bacteriolog)'. 


A  vocational  course  in  papermaking  has  been  started  at  Wor- 
onoco,  Mass.,  under  the  auspices  of  the  Strathraore  Paper  Com- 
pany. The  purpose  of  the  course  is  to  give  a  technical  as  well  as 
a  practical  knowledge  of  the  work  in  which  the  men  are  engaged. 
Under  the  present  plans  the  company  will  pay  for  the  various 
courses,  charging  small  fees  to  students,  and  refunding  the  fees 
to  all  those  who  have  passed  a  certain  standard. 
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NOTES  AND  CORRESPONDENCE 


A  Foreign  Opinion  of  the  American  Chemical 

Society 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 
Dr.  Herty  in  his  last  editorial,  and  in  his  genial  way,  gave  us 
a   short    sketch'^of  the   work    accomplished   by   the   American 
Chemical  Society  during  these  latter  years. 

May  I  call  your  attention  to  the  published  opinion  of  our  dis- 
tinguished fellow  chemists  in  France  and  in  Britain.  From 
that  excellent  French  publication,  Chimie  et  Industrie,  6  (October 
1921),  418,  1  make  the  following  free  translation  of  a  report  of 
the  annual  meeting  of  the  Societe  de  Chimie  Industrielle: 

Among  the  ideas  presented  by  pen  or  word  during  this  con- 
vention, there  is  one  which  seems  of  foremost  importance  for 
our  country.  It  was  expressed  by  Sir  William  Pope,  to  whom 
our  Society  has  just  awarded  its  Grand  Medal  of  Honor,  when 
he  made  the  following  statement  in  the  presence  of  the  Minister 
of  Agriculture: 

The  American  Chemical  Society  unth  its  17,000  members  repre- 
sents collectively  all  the  interests  of  American  Chemistry.  On  this 
account,  it  has  become,  in  a  way,  the  diplomatic  corps  of  Chemistry 
in  the  United  States,  and  every  time  the  gcyvernmenl  has  before 
itself  questions  where  chemistry  enters  into  play,  senators  and 
politicians  immediately  ask  information  and  advice  from  the 
American  Chemical  Society. 

If  ever  the  Societe  de  Chimie  Industrielle  of  France  saw  itself 
honored  as  such  an  authority,  what  valuable  seri'ices  would  our 
country  obtain  thereby! 

Of  course  we  all  know  that  our  politicians  are  not  so  ever 
ready  to  consult  the  American  Chemical  Society,  but  it  is  un- 
deniable that  since  the  growth  and  importance  of  our  Society, 
its  advice  and  opinion  have  frequently  guided  the  Government 

and  the  better  of  our  politicians. 

L.  H.  B.i\EKEL.^ND 
YONKEES,  N.  Y. 
December  3.  1921 


The  Chemical  Industries  of  Holland 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

As  a  chemist  subscriber  of  The  Journal  of  Industrial  and  Engi- 
neering Chemistry.  I  read  the  article  on  the  "Chemical  Industry 
and  Trade  of  Holland"  in  your  July  number  with  much  interest. 

Generally  speaking,  your  correspondent  has  very  well  repre- 
sented the  leading  points,  but  I  should  greatly  appreciate  it  if 
you  would  rectify  or  add  a  few  points. 

Under  the  heading  of  "Dyestuffs,"  it  is  said  that  the  produc- 
tion thereof  is  insignificant  and  will  probably  remain  so  unless 
the  Germans  find  it  advisable  to  have  plants  in  Holland.  Your 
correspondent  is  probably  not  aware  of  the  fact  that,  apart 
from  a  few  smaller  works  which  produced  dyes  even  during  the 
war,  a  company  was  founded  about  a  year  ago  with  the  purpose 
of  taking  up  the  production  of  dyes  with  purely  Dutch  capital. 
This  is  the  N.  V.  Nederlandsche  Kleurstoffenfabriek  (Dutch 
Dyestuffs  Factory).  The  large  banking  houses,  such  as  the 
well-known  Twentsche  Bank,  Messrs.  Mees  &  Co.,  large  in- 
dustrial concerns,  such  as  the  Bataafsche  Petroleum  Co.,  and 
other  leading  firms  have  all  given  money  for  establishing  this 
national  industry. 

Further,  your  correspondent  does  not  touch  upon  the  large 
sugar  factories  which  we  have  here  in  Holland.  A  large  part  of 
colonial  sugar  is  refined  here,  and  we  have  also  some  twenty 
beet-sugar  factories.  A  fair  amount  of  concentration  has  been 
effected  of  late  in  this  industry,  many  beet-sugar  factories  having 
combined  with  the  largest  refining  company  under  the  name 
of  "Centrale  Suiker  Maatschappy."      It  is  very  interesting  to 


see  that  this  concentration  has  taken  place  although  the  tend- 
ency of  the  sugarmaking  process  is  undoubtedly  to  make  white 
sugar  under  the  same  roof  with  the  beet  sugar,  so  that  each 
beet-sugar  factory  would  make  its  own  white  sugar  and  not 
send  its  raw  sugar  to  a  refinerj'.  The  largest  refinery  here, 
probably  having  foreseen  this,  secured  the  necessary  beet-sugar 
factories  in  the  above-named  company. 

K.  J.  ToBi 
Ceintuurbaan  213 
Amsterdam,  Hoixand 
.\ugust  24,  1921 


Ceramic  Research  Colloquium 

Held  November  16  and  17 ,  1921,  Ohio  Stale  Universily,  Columbus,  Ohio, 
under  auspices  of  American  Ceramic  Society  Committee  on  Research  and' 
Development,  Central  Ohio  Local  .'Section  and  Ohio  State  University  Student 
Branch  of  the  Society. 

The  Committee  on  Research  devoted  all  day  Wednesday 
and  Thursday  forenoon  to  the  general  question  of  policies  and 
procedures    most   practical    for   stimulating   ceramic   research. 

Research  can  be  defined  as  systematic  search  for  best  ways 
and  means  of  accomplishing  some  definite  thing.  A  thought- 
ful study  of  and  practice  in  best  methods  of  accounting,  market- 
ing, etc.,  is  research.  Diligent  thinking,  experimenting  and 
inventing  of  materials,  mixtures,  processes,  and  equipment 
for  producing  ceramic  wares  is  ceramic  research.  It  is  only 
in  these  latter  research  problems  that  the  Society  is  interested. 

The  American  Ceramic  Society  was  founded  for  and  has 
continued  to  be  engaged  in  the  promotion  of  the  ceramic  arts 
and  sciences  through  stimulation  of  research  by  individuals,  cor- 
porations, governmental  departments,  universities,  and  associa- 
tions of  manufacturers.  Holding  of  meetings  for  open  dis- 
cussions; planning  by  committees  for  unity  in  efforts;  encour- 
aging and  assisting  in  cooperative  efforts  to  ascertain  facts 
relating  to  manufacturing;  pubUcation  of  literature,  are  ex- 
amples of  the  means  employed  by  the  Society  to  promote  ceramic 
arts  and  sciences  through  research. 

The  Society  is  divided  into  industrial  divisions  for  the  purpose 
of  having  more  intimate  contact  with  and  knowledge  of  man- 
ufacturing problems.  The  divisional  committees  on  research 
are  requested  to  submit  a  list  of  research  problems  with  a  de- 
scription of  each  item,  -suggestions  as  to  where  the  problems 
might  be  undertaken  and  such  suggestions  and  recommenda- 
tions as  they  care  to  make.  These  lists  will  be  studied  and 
a  grand  program  of  activities  planned,  which  ijrogram  wilt 
again  be  submitted  to  the  divisions  for  amendment  or  adoption. 
Some  of  the  divisions  already  have  such  a  list  and  have  proceeded 
in  interesting  universities,  governmental  departments  and 
associations. 

One  of  the  contacts  sought  by  the  Research  Committee  is  that 
of  the  users  of  ceramic  products.  It  is  necessary,  for  instance, 
to  understand  the  requirements  of  boiler  refractories  in  order 
to  know  how  to  manufacture  bricks  for  this  purpose.  The 
American  Ceramic  Society  offers  the  best  opportunity  for  the 
producers  and  users  to  meet  in  joint  effort  to  solve  the  prob- 
lems of  the  consumers. 

A  well-rounded  sales  promotion  plan  includes  detail  study 
of  consumers'  requirements.  Sales  promotion  without  this 
would  not  be  successful.  This  is  equally  tnie  in  ceramic  re- 
search. The  interest  of  the  consumer,  which  has  for  the  most 
part  been  neglected  in  the  past,  will  now  receive  adequate 
attention  by  the  ceramists  through  the  agency  of  the  research 
committees  of  the  Society  and  the  divisions. 

Actual  contact  will  be  had  with  the  members  of  the  Society 
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and  with  the  public  at  large  through  the  issuance  of  bulletins. 
No  opportunity  will  be  neglected  to  make  the  researches  con- 
ducted under  the  auspices  of  the  Society  as  thoroughly  prac- 
tical and  far-reaching  as  is  humanly  possible.  Fundamental 
science  investigations  are  just  as  practical  and  necessary  as 
are  factory  or  routine  investigations.  Neither  should  or  will 
be  neglected.  Industtial  corporations  and  research  institutions 
will  be  consulted  for  the  purpose  of  finding  not  only  the  problems 
but  also  the  means  for  solving  them. 

Standard  methods  and  specifications  have  not  in  the  past 
received  the  attention  they  deserve.  The  Society  intends  to 
promote  the  establishing  of  standards  by  securing  the  cooperation 
of  all  parties  and  agencies  interested.  The  Society  has  joined 
as  a  member  of  the  American  Society  for  Testing  Materials, 
and  will  have  an  oflScial  representation  on  all  committees  where 
the  Society  can  give  service.  It  is  cooperating  with  all  Divi- 
sions of  the  National  Research  Council  that  deal  with  problems 
of  interest  to  ceramists.  A  working  relation  has  already  been 
established  with  the  Fabricated  Production  Department  of 
the  Chamber  of  Commerce  of  the  U.  S.  of  America.  The  trade 
associations  recognize  the  desire  of  the  American  Ceramic 
Society  to  cooperate  with  them  in  all  matters  of  standards 
and  researches  pertaining  to  proditction.  Contact  is  developing 
with  the  federal  and  state  Geological  Surveys,  so  that  the  Society 
can  serve  the  Surveys  in  making  their  investigations  the  most 
practical. 

This  research  colloquium  was  not  devoted  altogether  to 
planning.  Some  research  problems  were  discussed  in  detail. 
At  the  public  meetings  of  the  colloquium,  those  attending 
•obtained  a  much  more  clear  and  practical  idea  of  the  cause  of 
plasticity  in  clays.  The  ultimate  purpose  for  searching  for  the 
facts  regarding  plasticity  is  that  this  property  may  be  developed 
in  the  white-burning  kaolins.  Ceramists  have  obtained  several 
practical  and  applicable  things  from  the  studies  which  have  al- 
ready been  made  on  this  subject.  The  treatment  of  casting 
slips  with  salts  to  make  possible  the  casting  of  intricate  and 
heavy  pieces  is  one  of  these,  and  increasing  the  bonding  strength 
of  clays  is  another. 

More  refined  methods  of  testing  were  discussed.  Dr.  E.  W. 
Washburn  described  a  method  developed  at  the  University 
of  Illinois  for  measuring  porosity  by  determining  the  pressure 
caused  by  the  air  held  in  the  pores  of  the  test  piece.  The  method 
he  described  is  simple,  accurate,  and  quick. 

President  Pence  described  the  problems  incident  to  casting 
of  clay  refractories.  The  method  he  described  produces  better 
ware  but  requires  considerable  floor  space  if  the  production 
is  at  all  large.  In  a  50  per  cent  grog  clay  refractory  0.4  per  cent 
of  the  weight  of  clay  added  as  sodium  carbonate  would  permit 
of  the  same  degree  of  fluidity  of  the  slip  with  one-half  the  amount 
of  water. 

The  U.  S.  Bureau  of  Mines,  with  consent  of  the  Joint  Research 
Committee  of  the  Four  Heavy  Clay  Products  Associations, 
described  the  work  on  kiln  firing  which  the  Associations  are 
financing  in  cooperation  with  the  Bureau.  This  work  is  pro- 
gressing and  when  other  groups  of  manufacturers  learn  of  the 
results  obtained  it  would  seem  that  surely  all  ceramic  manufac- 
turers would  be  anxious  to  make  a  similar  study  of  their  kilns. 
A  10  to  15  per  cent  saving  in  fuel  would  soon  pay  all  costs  of 
the  preliminary  studies  and  all  the  equipment  required  to  main- 
tain the  necessary  control.  We  are  learning  that  scientific 
control  in  manufacturing  reduces  costs  and  decreases  dependence 
on  experts.  No  research  is  worth  while  unless  it  carries  through 
to  the  introduction  of  materials,  processes  or  equipment,  alike 
satisfactory  to  employees  and  employer  in  the  control  ol)tained. 
It  is  believed  that  this  meeting  is  only  the  first  in  the  series 
of  events  which  will  bring  a  new  era  in  ceramic  manufacturing 
and  keep  this  group  of  industries  abreast  with  the  ever-increasing 
requirements  of  the  consumer. 


Chemical  Engineering  Group  of  the  Society 
of  Chemical  Indu.stry 

The  Chemical  Engineering  Group  of  the  Society  of  Chemical 
Industry  is  the  first  of  what  have  been  termed  "Subject  Groups" 
of  the  Society,  corresponding  in  a  general  way  to  the  Divisions 
and  Sections  of  our  American  Chemical  Society.  It  was  organ- 
ized in  1919  by  a  group  of  chemical  engineers  who  felt  the  need 
of  an  organization  in  England,  charged  with  the  task  of  en- 
deavoring to  promote  the  interests  of  chemical  engineering  and 
its  development  along  sound  and  scientific  lines. 


SPECIFIC    HEAT 


DATA    SHEET   N» 


Among  the  activities  of  the  Group  is  the  publication  of  data 
sheets  and  charts,  one  ot  which  is  printed  herewith  in  greatly 
reduced  form.  These  sheets  cover  a  large  field  of  interest  to 
the  chemical  engineer,  and  it  is  planned  to  publish  a  whole 
series,  uniform  in  size,  for  filing  in  loose-leaf  books.  The  sheets 
are  sold  at  fifty  cents  per  set.  Membership  in  the  Group  in- 
cludes the  receipt  of  its  publications.  The  headquarters  of  the 
Group  are  at  24,  Buckingham  Street,  Strand,  London,  W.  C.  2, 
England. 


Calendar  of  Meetings 

American  Institute  of  Mining  and  Metallurgical  Engineers — 

Spring  Meeting,  New  York,  N.  Y.,  week  of  February  20,  1922 
American  Ceramic  Society — 24th  Annual  Meeting,  St.   Louis. 

Mo.,  February  27  to  March  2,  1922. 
American  Chemical  Society — 63rd  Meeting,  Birmingham,  Ala., 

April  4  to  7,  1922. 
American  Electrochemical  Society — 41st   Meeting,    Baltimore, 

Md.,  April  27  to  20,   1922. 


A  German  process  for  making  gasoline,  called  the  Burgess 
process,  has  been  developed  by  the  originators  of  the  Ilaber 
nitrogen  fixation  process.  By  means  of  this  i)roccss,  hydrogen 
is  passed  over  carbon  at  200  atnio.spheres  jires.sure  and  at  a 
temperature  of  700°  C.  It  is  understood  that  this  process  has 
been  examined  in  operation  by  the  engineer  of  one  of  the  large 
American  oil  companies  who  has  reported  that  it  is  actually 
operating  and  producing  motor  fuel  on  a  small  scale. 
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WASHINGTON  NOTES 


Hearings  on  Potash 

Opposition  to  protection  of  the  American  potash  industry  de- 
veloping in  the  Senate  Finance  Committee  hearings  on  December 
29  was  limited  to  five  obstructionists:  one  a  fertilizer  man 
interested  in  German  mines;  one  a  representative  of  those  in- 
terests; one  alleged  farmer's  friend  who  claimed  that  one  of 
the  Central  States  used  more  potash  than  any  other  state  in  the 
Union;  a  professor  who  stressed  a  possible  increased  cost  of  2 
cents  per  bushel  on  potatoes;  and  a  practical  farmer  who  ad- 
mitted that  the  lack  of  an  American  potash  industry  at  the  be- 
ginning of  the  war  was  disastrous  to  his  agricultural  interests 
and  announced  his  desire  for  the  firm  establishment  of  a  domes- 
tic potash  industry. 

The  American  producers  had  their  day  on  December  30, 
their  spokesman,  Mr.  LaRoe,  attorney  for  the  United  States 
Potash  Producers'  Association,  urging  an  annually  diminishing 
protective  tariff  consisting  of  50  cents  per  unit  for  two  years, 
40  cents  the  third  year,  30  cents  the  fourth,  and  20  cents  the 
fifth  year.  The  proponents  of  the  bill  emphasized  the  industry's 
very  recent  birth  in  the  United  States  and  its  dire  need  for 
protection  for  about  5  years,  which  would  enable  it  fully  to  meet 
Germany  in  the  open  market. 

It  was  shown  that  the  tariff  would  add  not  over  25  cents  per 
acre  to  the  cotton  planters'  costs  or  two-tenths  of  1  cent  a  pound 
to  tobacco  producers'  costs.  The  claims  of  the  opponents  of 
the  industry  to  America's  alleged  limitations  were  refuted  by 
statistics  presented  showing  authoritatively  that  there  are  in 
Searles  Lake,  Cal.,  20,000,000  tons  of  potash,  equal  to  normal 
domestic  needs  for  100  years;  in  Nebraska  3000  deposits  of 
from  1  to  600  acres  each;  in  one  Wyoming  County  200.000,000 
tons  of  leucite  rock  of  11  per  cent  pure  potash  content,  or  an 
800  years'  supply.  It  was  pointed  out  that  the  war-time  potash 
production  costs  of  S4.50  or  $4.25  have  fallen  to  about  SI  per 
unit,  with  an  additional  reduction  in  sight  if  the  protection 
sought  is  granted.  American  producers  have  available  about 
10,000  tons  of  K;0  and  are  ready  greatly  to  expand  and  improve 
their  plants,  with  a  resultant  decreased  cost  to  the  consumer, 
within  5  years,  if  the  bill  is  enacted.  It  was  urged  that  with 
the  country's  abundant  potential  potash  resources,  with  exist- 
ing plants  capable  of  producing  75,000  tons  of  KjO  annually, 
and  with  $30,000,000  invested.  Congress  had  more  than  ample 
reason  for  not  permitting  this  young  American  industry  to  die 
for  lack  of  protection  by  the  United  States  Government. 

House  Passes  Bill  to  Relieve  Patent  Office    Situation 

A  ray  of  hope  appears  on  the  horizon  for  the  overburdened 
Patent  Office  in  that  the  House  has  finally  passed  the  Lampert 
bill  to  increase  the  salaries  of  the  chief  or  principal  patent  ex- 
aminers from  $2700  to  $3900  per  year  and  those  of  the  assistant 
examiners  by  amounts  ranging  from  $150  to  $900  per  year. 
The  bill  provides  an  increase  of  force  to  the  extent  of  one  law 
examiner,  26  assistant  examiners,  and  22  clerks.  While  this 
bill  is  by  no  means  adequate  to  relieve  the  present  difficult  posi- 
tion of  the  Patent  Office,  it  is  at  least  a  step  in  the  right  direction, 
and  it  is  hoped  that  the  Senate  will  lose  no  time  in  acting  upon 
the  measure. 

Possibility  of  Buried  Potash  Salts  in  Western  Texas 

In  connection  with  borings  for  oil  which  are  being  made  by 
the  U.  S.  Geological  Survey  in  the  extreme  western  part  of 
Texas,  salts  have  been  discovered  that  apparently  possess  at 
least  the  richness  of  the  potash  deposits  of  Alsace  and  Germany. 
Polyhalite,  hydrated  calcium  potassium  magnesium  sulfate,  has 
been  found  in  a  number  of  different  levels  in  these  borings,  but 
as  the  wells  are  being  drilled  primarily  for  oils,  information  is 
not  at  present  available  as  to  whether  the  potash-bearing  beds 
have  a  thickness  of  only  a  few  inches  or  a  much  greater  depth. 
The  polyhalite  examined  contained  15.6  per  cent  of  KjO  and  it 
is  believed  that  it  can  be  used  as  a  fertilizer  in  the  pure  state  in 
which  it  is  recovered,  provided  it  is  found  in  sufficient  quantity. 

Bureau  of  Mines  Laboratory  Car 

In  the  cooperative  work  which  is  being  conducted  at  the 
Columbus  Station  of  the  Bureau  of  Mines  with  the  four  heavy 
clay  products  associations,  a  laboratory  car  has  recently  been 
purchased.  This  is  the  first  laboratory  car  that  the  Bureau 
has  equipped  and  is  similar  to  the  Bureau's  rescue  cars.  It  is 
known  as  the  "Car  Holmes"  in  honor  of  the  first  director  of  the 
Bureau,  and  is  a  Pullman  with  living  accommodations,  labora- 


tories, and  office  facilities  for  use  at  all  hours.  The  investigation 
crew  will  visit  various  industrial  plants  with  a  threefold  purpose : 
to  cut  down  fuel  consumption;  shorten  the  time  of  burning; 
and  improve  the  quality  of  the  product.  The  first  trip  was  made 
from  Columbus  to  one  of  the  hollow  tile  plants  of  the  National 
Fireproofing  Company  at  Haddonville,  Ohio. 

FtrRFURAL  Production  and  Utilization 

In  cormection  with  the  research  work  of  the  Bureau  of  Chem- 
istry on  the  production  and  utilization  of  furfural,  a  small 
experimental  plant  has  been  installed  at  the  Color  Laboratory, 
Arlington  Farms,  Va.,  with  a  capacity  of  30  lbs.  per  day.  Corn- 
cobs digested  with  high  pressure  steam  yield  furfural  equal  to- 
6  or  7  per  cent  by  weight  of  the  cobs.  The  yield  obtainable 
from  other  agricultural  wastes  will  be  investigated. 

Over  300  lbs.  of  furfural  have  been  manufactured  in  connec- 
tion with  production  experiments  at  the  Bureau  of  Chemistry 
during  the  past  year.  The  greater  part  of  this  material  has 
been  supplied  to  several  manufacturers  for  cooperative  work 
on  commercial  utilization.  The  most  promising  field  yet  de- 
veloped by  this  cooperation  is  that  for  the  production  of  syn- 
thetic resins  by  the  condensation  of  furfural  with  phenol.  These 
resins  have  qualities  suitable  for  electrical  insulators  and  other 
molded  articles  which  are  being  tested  commercially. 

Lack  of  Funds  Delays  Establishment  of  Chemical  Division 

The  Bureau  of  Foreign  and  Domestic  Commerce  is  finding  it 
difficult  to  secure  funds  to  organize  a  Chemical  Division.  Esti- 
mates have  been  submitted  to  Congress  for  the  establishment 
not  of  one  chemical  division,  as  originally  planned,  but  of  three 
such  divisions — one  on  heavy  chemicals,  one  on  dyes  and  drugs, 
and  still  another  on  paints  and  varnishes.  If  these  divisions 
are  organized  a  live  contact  will  be  maintained  with  the  trade 
through  the  formation  of  an  advisory  committee  in  the  industry 
itself,  and  whenever  acute  problems  arise  in  foreign  districts 
it  will  be  the  duty  of  a  representative  of  the  Bureau  to  travel 
to  such  points  and  assist  in  relieving  the  situation. 


Under  an  informal  agreement  entered  into  between  the  Bureau 
of  Mines  and  the  Department  of  Geology,  Indiana  University, 
investigations  of  Indiana  oil  shales  are  now  being  conducted  at 
the  Indiana  University  under  the  direction  of  the  Bureau  of 
Mines. 


The  plans  of  the  new  building  for  cooperative  laboratories  of 
the  Bureau  of  Mines  and  the  University  of  Minnesota  at  Minneap- 
olis have  been  completed  and  approved,  the  cost  of  construction 
being  estimated  as  $250,000,  the  funds  for  which  are  contributed 
by  the  State  of  Minnesota.  The  building  will  not  be  ready  for 
occupancy  in  less  than  a  year. 


The  demand  for  industrial  alcohol  has  grown  to  such  an  ex- 
tent that  at  the  present  time  there  are  58  formulas  employed 
for  its  preparation.  To  meet  the  needs  of  both  the  manu- 
facturer and  the  user,  the  Industrial  Alcohol  and  Chemical 
Division  of  the  Treasury  Department,  in  cooperation  with  the 
Bureau  of  Standards,  is  at  present  engaged  in  the  preparation  of 
tables  of  specific  gravities  and  weights  per  gallon  of  these  various 
formulas.  These  tables  will  later  appear  as  a  government  pub- 
lication. 

The  Tariff  Commission  has  in  preparation  for  the  Senate 
Committee  on  Finance  a  revision  of  the  Summary  of  Tariff 
Information,  1920.  This  compilation  will  include  statistics  and 
other  information  for  the  first  nine  months  of  1921. 

The  Tariff  Commission  is  also  compiling  a  digest  of  the  hear- 
ings before  the  Senate  Finance  Committee. 


The  Bureau  of  Mines  plans  to  engage  an  engineer  who  will  be 
stationed  at  Reno,  Nevada,  to  carrj'  on  nonmetallic  investiga- 
tions throughout  the  West. 


A  study  is  being  made  by  the  Bureau  of  Mines  of  the  unsatu- 
rated hydrocarbons  in  industrial  gases  with  a  view  to  developing 
economic  methods  for  the  manufacture  of  alcohols  therefrom. 
Ethyl  and  propyl  alcohols  are  being  sought  particularly .^;  Gas 
distilled  from  a  mixture  of  oil  and  coal  is  at  present  being  studied 
in  cooperation  with  the  Trent  Process  Corporation,  of  Wash- 
ington, D.  C. 


Feb.,  1922 
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PARIS  LETTER 


By  Charles  Lormand,  4  Avenue  de  I'Observatoire,  Paris.  France 


Although  the  question  of  naval  disarmament,  coupled  with  the 
Pacific  question,  seems  to  occupy  a  leading  place  at  the  Con- 
ference in  Washington,  one  cannot  neglect  the  matter  of  land 
disarmament,  from  the  particular  ]5oint  of  view  which  appeals 
to  us  chemists. 

There  has  just  been  organized  in  Germany  a  Union  for  the 
defense  of  the  interests  of  the  German  chemical  industries. 
One  of  the  first  manifestations  of  the  Union  has  been  a  complaint 
of  the  wasting  away  of  chemical  industry  in  Germany.  It  is 
evident  that  all  the  allied  and  neutral  nations  which  were  clients 
of  Germany  before  the  war  have  had  to  establish  their  own  chem- 
ical industries.  There  has  resulted  at  the  present  time  a  world 
over-production  of  chemicals,  and  Germany,  who  even  in  1920 
held  second  place  in  export  of  chemical  products,  finds  her 
exports,  and  consequently  her  production,  reduced  in  1921  to 
50  per  cent  of  what  it  was  in  1914.  Further,  the  German  chem- 
ical industry  blames  the  import  tariffs  for  this  paralysis.  For- 
merly, many  German  chemical  products  were  exported  to  Switzer- 
land, from  which  they  were  finally  shipped  to  the  various  con- 
sumers. Exports  to  Switzerland  in  1920  were  290  million  marks, 
of  which  about  half  were  chemicals,  but  Switzerland  has  just 
quadrupled  her  import  duty,  thus  practically  stopping  the 
export  of  German  products.  Under  these  conditions,  and  in 
spite  of  the  fact  that  the  low  value  of  the  mark  should  at  the 
moment  aid  the  German  chemical  industry,  the  complaints 
of  the  directors  of  this  industry,  who  go  so  far  as  to  say  that 
Germany  cannot  meet  her  obligations  to  the  Allies  on  account 
■of  this  economic  situation,  are  explicable.  These  arguments 
might  have  some  weight,  did  one  not  feel  a  back  thrust  at  Mr. 
Francis  Garvan  and  Dr.  Herty,  as  well  as  at  Mr.  Victor  Lefe- 
bure,  gas  officer  in  the  British  army.  The  last  mentioned  is  at 
present  conducting  a  campaign  in  England  in  which  he  is  de- 
manding severe  control  of  German  chemical  factories,  from  the 
point  of  view  of  gas  manufacture;  it  is  this  control  which  the 
Germans  wish  to  avoid  at  any  cost. 

The  Fuel  Situation 

I  have  already  mentioned  several  times  a  contest  for  a  national 
fuel,  with  the  object  of  finding  a  better  formula  for  a  motor 
fuel  containing  alcohol. 

Mr.  Marillier  has  just  reported  to  the  Academie  des  Sciences 
the  solution  of  the  problem.  Absolute  alcohol  is  miscible  with 
gasoline,  but  95  per  cent  commercial  alcohol  is  not  rniscible. 
When  95  per  cent  alcohol  is  mixed  with  gasoline  two  layers  are 
formed,  and  on  account  of  the  partition  factor  the  water  in  the 
alcohol  is  almost  entirely  in  the  lower  layer,  while  the  upper 
layer  contains  gasoline  with  10  per  cent  of  anhydrous  alcohol. 
This  layer  serves  as  a  basis  for  the  fuel,  to  which  it  is  suffi- 
cient to  add  small  quantities  of  benzene,  methylene,  and  ether. 


I  have  also  frequently  noted  the  prospecting  for  petroleum 
in  various  parts  of  France.  At  present,  the  boring  at  Vaux 
(Ain)  is  becoming  industrially  important.  Three  test  borings 
were  made  in  1920  and  the  beginning  of  1921.  A  fourth  boring, 
ended  in  October,  is  yielding  now  steadily  90,000  cubic  meters 
per  day.  The  gas  is  to  be  used  for  lighting  the  town  of  Amberieu. 
It  contains  80  per  cent  of  methane,  12  per  cent  of  different 
hydrocarbons,  higher  homologs,  the  remainder  consisting  of 
nitrogen,  carbon  dioxide,  and  carbon  monoxide.  The  calorific 
liower  is  9500  calories. 

Carbonization  of  Coal 

In  the  same  field  I  have  mentioned  the  recent  discoveries 
of  Mr.  Charpy  on  the  carbonization  of  coal. 

This  problem  has  found  a  special  application  in  the  case  of 
the  Sarre  coals,  which  give  a  coke  too  friable  for  use  in  the 
large  blast  furnaces.  Mr.  Charpy  has  studied  carefully  the 
conditions  of  the  oxidation  of  the  coal,  and  the  mixtures  of  fat 
and  lean  coals.  He  has  arrived  at  the  conclusion  that  to  obtain 
a  good  metallurgical  coke  it  is  necessary,  in  addition  to  making  a 
judicious  mixture  of  the  coal,  to  conduct  the  carbonization  in 
two  stages.  In  the  first  step,  the  coal  must  be  raised  instantly 
to  a  temperature  of  4.50°  to  500°;  then,  in  the  second  step,  the 
temperature  must  be  raised  extremely  slowly  to  between  700° 
and  900°.  These  theoretical  considerations  have  been  tested 
out  industrially  in  the  basin  of  the  Sarre,  with  good  results. 
1922  Meeting  of  the  SocigTE 

The  success  of  the  meeting  of  the  Societe  de  Chimie  Industrielle 
last  October  has  led  to  plans  for  the  1922  meeting,  which  will  be 
held  in  Marseilles,  July  2  to  6.  It  will  cover  principally  the 
chemistry  of  fats  and  the  chemistry  of  vegetable  products  from 
the  colonies.  The  meeting  will  take  place  at  the  same  time  as 
the  interallied  colonial  exposition. 
December  10,  1921 

I  have  just  met  Professor  Moureu  as  he  was  returning  to  his 
laboratory  at  the  College  de  France.  He  gave  me  his  impressions 
on  his  sojourn  in  the  United  States  and  recounted  the  unforget- 
table welcome  he  received.  Naturally,  Professor  Moureu  is  very 
discreet  in  regard  to  the  work  of  the  Conference,  but  he  told  me 
enthusiastically  of  the  reception  which  he  received  in  various 
chemical  fields,  official,  university,  and  industrial.  He  believes 
that  the  United  States  is  making  a  great  advance  in  chemical 
research  and  in  the  creation  of  a  great  industry,  mineral  as  well 
as  organic.  This  industry  will  be  the  most  powerful  in  the 
world  and,  with  the  high  idealism  of  the  American  people,  it 
will  be  a  guarantee  of  peace.  For  us  Frenchmen  it  constitutes 
one  of  the  best  elements  of  our  security. 
January  6,  1922 


PERSONALS 


Mr.  Ernest  H.  Hartwig  resigned  as  assistant  in  chemistry  at 
Purdue  University  in  order  to  accept  a  position  as  instructor 
in  the  chemical  engineering  department  at  the  University  of 
Wisconsin,  Madison,  Wis. 

Miss  Henriette  C.  Liebe  recently  received  her  B.S.  degree 
from  the  University  of  Wisconsin  and  has  accepted  a  position 
with  the  Acme  White  Lead  and  Color  Works  of  Detroit,  Mich., 
where  she  is  an  executive  research  chemist  in  the  research  divi- 
sion. 

Mr.  Raymond  L.  Stehle  recently  resigned  as  assistant  professor 
of  physiological  chemistry  in  the  School  of  Medicine  of  the 
University  of  Pennsylvania  to  become  associated  with  the 
faculty  of  medicine  of  McGill  University,  Montreal,  as  assistant 
professor  of  pharmacology. 

Mr.  Merrill  C.  Hart,  who  was  chemist  to  the  pharmacology 
department  of  the  University  of  Minnesota,  working  on  the 
synthesis  of  phenolic  alcohols  on  funds  granted  by  the  U.  S. 
Interdepartmental  Board  for  Social  Hygiene,  is  lussociated  with 
the  Upjohn  Company  at  Kalamazoo,  Mich.,  as  research 
organic  chemist. 


Mr.  W.  H.  Rodebush  has  been  appointed  associate  professor 
in  charge  of  the  division  of  physical  chemistry,  University  of 
Illinois,  Urbana,  111.  Mr.  Rodebush  was  formerly  national 
research  fellow  at  the  University  of  California. 

Mr.  Harvey  T.  Kennedy,  formerly  a  student  in  chemistry 
at  Cornell  University,  Ithaca,  N.  Y.,  has  become  chemist  in 
the  Municipal  Testing  Laboratory,  Rochester,  N.  Y. 

Mr.  James  H.  Ransom  has  changed  his  position  as  research 
chemist  with  the  Michigan  Smelting  it  Refining  Co.,  Detroit, 
Mich.,  to  head  of  the  department  of  chemistry  in  James  Millikin 
University,  Decatur,  111. 

Mr.  Gerhard  K.  RoUefson  resigned  as  assistant  in  chemistry 
at  the  Univer.sity  of  Wisconsin  to  accept  a  position  as  teaching 
fellow  in  chemistry  at  the  University   of  California,   Berkeley, 

Cal. 

r 

Mr.  F.  Arthur  Patty,  instructor  in  chemistry  and  pharmacy 
at  the  University  of  Washington,  Seattle,  Wash.,  accepted  his 
present  position  last  August  with  the  Campbell  System,  Inc., 
Kansas  City,   Mo.,  as  researrli   clicmist. 
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Mr.  John  C.  Pennie,  for  many  years  a  specialist  in  the  practice 
of  patent  law,  died  at  his  home  in  New  York  City  on  December 
23,1921.  Mr.  Pennie  was  bom  in  Albany,  N.  Y.,  in  1858.  He 
graduated  from  Union  College  in  1877,  and  pursued  postgraduate 
work  in  Germany  at  the  Universities  of  Gottingen  and  Heidel- 
berg. He  entered  the  United  States  Patent  Office  as  an  examiner 
in  1880.  He  practiced  patent  law  in  Washington  and  New 
York  and  at  the  time  of  his  death  was  a  senior  partner  of  the 
firm  of  Pennie,  Davis,  Marvin  and  Edmonds. 

He  was  chosen  by  the  United  States  Government  as  patent 
expert  on  the  commission  to  negotiate  peace,  and  spent  six 
months  in  Paris  advising  with  the  representatives  of  other 
countries  on  the  provisions  of  the  Peace  Treaty  relating  to 
patents.  He  was  a  member  of  most  of  the  learned  and  scientific 
societies,  of  the  Legion  of  Honor  of  France,  and  Commander  of 
the  Order  of  the  Crown  of  Belgium. 

Dr.  William  Frear  died  suddenly  at  his  home  at  State  College, 
Pa.,  January  6,  1922.  Dr.  Frear  was  bom  in  Reading,  Pa., 
March  24,  1860.  He  received  the  bachelor's  degree  from  Buck- 
nell  University  in  1881,  and  the  doctor's  degree  from  Illinois 
Wesley  an  University  in  1883.  After  two  years  as  an  assistant 
chemist  in  the  U.  S.  Department  of  Agriculture,  Dr.  Frear  be- 
came associated  with  the  agricultural  department  of  Pennsyl- 
vania State  University,  and  had  been  director  of  the  Experiment 
Station  since  1887. 

Following  the  lines  of  Dr.  Smith's  suggestions  to  members  of 
the  Society  in  regard  to  popular  education  as  to  chemistry.  Dr. 
C.  E.  Kenneth  Mees,  director  of  the  Research  Laboratory  of 
the  Eastman  Kodak  Co.,  addressed  the  Rochester  City  Club  on 
January  7  on  the  importance  of  scientific  knowledge  and  its 
application  to  life. 

Mr.  Daniel  H.  Rupp,  formerly  chemist  for  the  Clark-Parker 
Chemical  Co.,  Los  Angeles,  Cal.,  and  later  with  the  U.  S.  Potash 
Co.,  at  their  MonoUth  cement  plant,  is  at  present  connected 
with  the  City  of  Ironton,  Ohio,  as  "chemist-in-charge"  of  water 
purification   works. 

Dr.  Lansing  S.  Wells,  until  recently  research  chemist  with  The 
Barrett  Company,  Frankford,  Philadelphia,  Pa.,  has  accepted 
an  appointment  as  assistant  professor  of  organic  and  physical 
chemistry,    Montana   State    College,    Bozeman,    Mont. 


Dr.  R.  L.  High,  for  fifteen  years  chief  chemist  to  the  National' 
Drug  Company  of  Philadelphia,  Pa.,  recently  resigned  his  po- 
sition in  this  capacity  and  opened  the  High  Chemical  Company- 
at   Savannah,    Ga. 

Mr.  Donald  Belcher  is  now  employed  by  Perin  and  Marshall^ 
consulting  engineers,  of  New  York  City,  as  a  chemical  engineer 
on  development  work  for  a  process  which  he  worked  on  as  a 
research  chemist  for  Hayward  and  Schleicher,  of  Cambridge,. 
Mass. 

Mr.  Louis  J.  Trostel,  who  for  the  past  two  years  has  been 
stationed  at  the  Pittsburgh  Station  of  the  Bureau  of  Mines 
engaged  on  problems  relating  to  industrial  gases  and  dusts, 
resigned  November  1  to  take  a  position  with  the  Bureau  of 
Chemistry  as  assistant  chemical  engineer.  He  will  there  be 
associated  with  the  work  of  the  Bureau  on  chemical  problems- 
relating  to  explosions  from  starch  and  other  carbonaceous  dusts. 

Dr.  Raymond  J.  Miller,  formerly  with  the  department  of 
physiological  chemistry,  Jefferson  Medical  College,  Philadelphia, 
Pa.,  as  research  associate  under  Prof.  Philip  B.  Hawk,  is  at 
present  associate  professor  of  pharmacology  and  physiological 
chemistry  at  Baylor  University,  College  of  Medicine,  Dallas, 
Texas. 

Dr.  Minnie  A.  Graham,  who  has  served  as  substitute  for  Prof. 
Charles  J.  Moore  of  the  department  of  chemistry  of  Hunter 
College  of  the  City  of  New  York,  has  been  appointed  acting: 
professor  of  chemistry  at  Wells  College  during  the  absence  of 
Prof.   Clara  A.   Bhss. 

Mr.  Arthur  W.  Davidson,  who  was  library  investigator  at 
the  Ubrary  of  the  Chemists'  Club  from  last  February  to  August, 
has  been  appointed  assistant  professor  of  chemistry  at  the 
University  of  Kansas,  Lawrence,  Kans. 

Mr.  A.  E.  Marshall  has  resigned  as  works  manager  of  The 
Davison  Chemical  Company  and  has  returned  to  his  former 
work  as  consulting  chemical  engineer,  speciahzing  in  the  de- 
sign of  plants  for  the  manufacture  of  mineral  acids  and  fertil- 
izers, at  Baltimore,  Md. 

Dr.  Ernest  Fox  Nichols,  who  recently  resigned  the  presidency- 
of  the  Massachusetts  Institute  of  Technology,  is  to  return  tO' 
Cleveland  to  resume  the  directorship  of  pure  science  in  the 
Nela  Research  Laboratory  of  the  General  Electric  Co. 
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Organic  Compotmds  of  Mercury.     By  Frank  C.  Whitmore. 

(American  Chemical  Society  Monograph  Series.)  xii  +  397 

pp.     The    Chemical    Catalog    Co.,    Inc.,    New   York,    1921. 

Price,  $4.50. 

The  interest  in  the  study  of  organic  compounds  of  mercury 
has  increased  in  recent  years  because  of  the  need  for  some  non- 
ionized  mercury  compound  for  use  with  organic  arsenicals  in 
the  treatment  of  syphilis.  This  volume  is  principally  confined 
to  the  consideration  of  true  organic  mercury  compoimds  in  which 
mercury  is  directly  attached  to  carbon.  The  related  subjects 
which  are  not  discussed  are  made  available  for  further  study 
by  the  supplementary  biographical  hsts  included  in  the  appen- 
dices. .The  author  states  in  the  preface  that  "the  monograph 
will  be  arranged  to  serve  both  the  general  chemist  who  wishes 
to  get  a  conception  of  what  has  been  done  in  the  field,  as  a  whole, 
and  the  speciahst  who  wishes  to  find  out  quickly  what  has  been 
done  in  any  particular  field.  It  is  hoped  that  the  work  will 
inspire  further  research  in  this  interesting  field.  In  general, 
enough  detail  is  given  to  make  evident  the  method,  but  not 
enough  to  serve  as  a  laboratory  guide  in  repeating  any  of  the 
work." 

One  is  impressed  with  the  great  variety  of  merciu-y  compounds, 
the  new  methods  of  preparation,  and  the  improvements  in  the 
older  methods.  Little  more  seems  to  be  known  about  the  part 
played  by  ethyl  acetate  in  the  formation  of  mercury  alkyls 
than  was  known  by  Franklar^d  sixty  years  ago.  It  is  interesting 
to  note  that  in  making  alkyl  mercury  compounds  0.1  per  cent 
sodium  amalgam  gives  the  best  results,  while  for  the  aryl  com- 
pounds 2.7  per  cent  sodium  amalgam  gives  the  best  yields. 


The  word  "mercurate"  has  been  introduced  to  conform  with 
bromination,  nitration,  and  sulfonation.  In  fact,  it  has  been 
shown  that  mercuration  of  aromatic  compounds  follows  the 
general  rules  of  substitution  except  in  the  case  of  nitrobenzene. 
Mercuration  of  aromatic  compounds  with  mercuric  acetate  has 
led  to  many  new  and  interesting  compounds.  The  properties 
of  most  of  these  compounds  have  been  studied,  but  in  a  number 
of  cases  the  constitution  has  not  been  definitely  determined. 

The  fairest  comment  that  can  be  made  upon  this  book  is  that 
the  author  has  accomplished  that  which  he  set  out  to  do,  and 
chemists  are  indebted  to  him  for  this  admirable  piece  of  work. 
Anyone  familiar  with  these  very  interesting  compounds  will 
appreciate  the  service  that  he  has  performed.  The  book  is 
well  planned,  well  written,  and  well  printed.  It  will  make  a 
valuable  addition  to  any  chemical  library,  and  those  interested  in 
mercury  compounds  cannot  afford  to  be  without  it.  It  is  a  reaS 
addition  to  our  American  chemical  literatine. 

Walter  T.  Taggart 

Animal  Proteins.     By  Hugh  Garner  Bennett,    xiv  +  288  pp. 

D.  Van  Nostrand_Co.,  New  York,  1921.     Price,  $3.75. 

This  is  another  volume  of  the  series  of  Industrial  Chemistry 
edited  by  Dr.  Samuel  Rideal.  The  title  is  clearly  a  misnomer,  as 
the  book  can  lay  claim  to  being  little  more  than  a  semipopular 
description  of  the  manufacture  of  leather  and  glue.  It  does  not 
describe,  or  even  emmierate,  the  several  proteins  of  which  skin 
is  composed.  The  only  conceivable  justification  for  the  title  is 
that  the  proteins  of  leather  and  glue  are  of  animal  origin.  Of 
the  six  parts  into  which  the  book  is  divided,  four  are  devoted  to 
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tanning,  one  to  glue  manufacture,  anti  one  to  by-products,  with 
very  brief  mention  of  foods  and  fertilizers. 

It  was  intended  to  include  in  each  book  of  the  series  a  general 
bibliography  and  also  a  selective  biljliography  to  follow  each 
section.  In  this  book  there  is  no  general  bibhography  and  the 
selective  bibliography  is  so  meager  and  inaccurate  as  to  be  of 
little  value.  The  Collegium  is  given  as  the  source  of  articles 
which  it  merely  reprinted  or  abstracted,  and  apparently  no  at- 
tempt has  been  made  to  record  titles  accurately. 

The  book  will  appeal  to  the  layman  desiring  a  general  de- 
scription of  leather  and  glue  manufacture  and  to  the  practical 
tanner  desiring  to  know  something  of  processes  other  than  his 
own.  The  author's  attempt  at  chemical  treatment,  however, 
cannot  be  regarded  as  successful.  The  term  lyotrope  is  used 
very  freely  throughout  the  book  as  though  in  itself  it  describes 
or  explains  numerous  phenomena. 

On  page  26  we  read:  "In  bating  and  puering  the  essential 
change  is  that  before  the  process  the  swelling  is  due  chiefly  to 
adsorption  of  hydroxyl  ions,  whereas  afterwards  it  is  due  chiefly 
to  a  composite  lyotrope  influence."  Upon  examination,  this 
proves  to  be  nothing  more  than  a  jumble  of  words,  but  it  is  typ- 
ical of  the  attempts  at  theoretical  treatment.  In  keeping  with 
the  meager  bibliography,  the  author  ignores,  or  is  possibly  un- 
aware of,  much  of  the  literature  on  the  phases  of  leather  chem- 
istry which  he  attempts  to  discuss. 

As  a  rule,  vegetable  leathers  are  firmer  and  more  solid  than 
chrome  leathers.  The  author  explains  this  as  being  due  to  the 
greater  deposition  of  solid  matter  on  the  surfaces  of  the  fibers  and 
in  the  spaces  between  them  by  vegetable  than  by  chrome  tanning. 
He  apparently  does  not  know  that  it  has  been  demonstrated  mi- 
croscopically, in  carefully  controlled  systems  of  both  chrome  and 
vegetable  tanning,  that  there  is  no  visible  deposition  of  tanning 
material  on  or  between  the  fibers,  but  that  the  tanning  material 
diffuses  completely  throughout  the  protein  substance,  altering 
its  chemical  and  physical  properties.  Vegetable  tanning  causes 
a  much  greater  solidity  by  producing  a  greater  increase  in  volume 
of  the  fibers  than  does  chrome  tanning.  This  is  easily  seen  by 
examining  sections  of  leather  under  the  microscope. 

While  the  book  presents  little  that  is  new,  its  general  descrip- 
tions of  numerous  methods  of  making  leather  will  make  it  wel- 
come as  a  book  of  reference  in  many  tannery  libraries. 

J.  A.  Wilson 

The  Metallurgy  of  the  Common  Metals.  By  Leonard  S.  Aus- 
tin (formerly  professor  of  metallurgy,  Michigan  College 
of  Mines).  5th  edition,  615  pp.,  illustrated.  John  Wiley  & 
Sons,  Inc.,  New  York,  1921.  Price,  $7.00. 
The  "common  metals"  discussed  are  gold,  silver,  iron  (and 
steel),  copper,  lead,  and  zinc. 

The  author  has  brought  to  bear  his  own  practical  experience 
of  forty  years  in  the  fields  of  silver-lead  and  copper  smelting. 
Experts  have  cooperated  in  preparing  the  chapters  on  cyaniding 
gold  and  silver  ores  and  the  metallurgy  of  zinc. 

This  edition  brings  the  practice  of  191.3  up  to  date.  Almost 
complete  rewriting  has  been  necessary. 

The  usual  description  of  materials  and  processes  has  been 
vitalized  in  this  excellent  work  by  the  insertion  in  the  proper 
places  of  many  data  on  cost  of  plant,  materials,  and  operation. 
While  such  costs  are  constantly  changing,  they  are  still  very 
useful. 

The  "Business  of  Metallurgy"  is  discussed  in  a  very  prac- 
tical way  in  Chapters  48  to  50.  The  suggestions  as  to  organiza- 
tion and  management  are  an  appropriate  innovation.  This 
side  of  metallurgy  has  been  neglected  heretofore  in  textbooks. 

The  list  of  errata,  chiefly  in  figure  reference  numbers,  is  rather 
long  and  might  cause  confusion  unless  marked  in  at  once. 

This  is  the  best  metallurgical  handbook  with  which  the  re- 
viewer is  familiar. 

'as.  O.  Handy 


Industrial  Hydrogen.  By  Hugh  S.  Taylor,  D.Sc.  (American 
Chemical  Society  Monograph  Series.)  210  pp.  The  Chem- 
ical Catalog  Co.,  Inc.,  New  York,  1921.     Price,  $3.50. 

This  volume  is  one  of  the  American  Chemical  Society's  series 
of  scientific  and  technologic  monographs.  The  author  states 
that  he  has  attempted  to  follow  the  twofold  purposes  of  the 
monograph  series  as  decided  on  by  the  Board  of  Editors,  and 
his  book  not  only  outlines  the  fundamental  principles  and  essen- 
tial chemical  facts  of  the  industry  of  hydrogen  production,  but 
also  attempts  to  trace  the  steps  by  which  the  present  status  of 
the  industry  has  been  reached,  to  detail  what  that  present  status 
is,  and  what  lines  of  future  development  may  be  anticipated. 

The  book  does  not  attempt  to  over-emphasize  the  engineering 
side  of  the  subject,  but  puts  more  emphasis  on  the  purely  chemi- 
cal side.  On  the  other  hand,  the  author  has  had  in  mind  the 
possible  application  of  his  work  to  engineering  projects,  and  has 
attempted  to  give  the  necessary  data  so  that  an  engineering 
staff  could  readily  base  its  calculations  for  actual  plant  details. 
No  attempts  have  been  made  at  giving  cost  data,  or  even  esti- 
mating such,  as  the  author  has  felt  that  this  was  going  too  far 
into  details  of  actual  commercial  operation.  It  has  been  his 
aim,  however,  to  supply  sufficient  data  upon  which  cost  calcu- 
lations might  be  made. 

The  subjects  treated  in  the  different  chapters  are  as  follows: 
Hydrogen  from  Steam  and  Iron;  Hydrogen  from  Water  Gas  and 
Steam;  Hydrogen  from  Water  Gas  by  Liquefaction;  Hydrogen 
by  Electrolysis;  Hydrogen  from  Water;  Hydrogen  from  Aqueous 
Alkalies;  Hydrogen  from  Hydrocarbons;  Miscellaneous  and 
Byproduct  Hydrogen  Process;  The  Purification  and  Testing  of 
Hydrogen.  In  each  case  the  author  has  given  a  general  resume 
of  the  subject  treated  in  the  chapter  without  going  into  a 
great  deal  of  detail,  especially  on  the  plant  construction  and 
operation  side.  He  has,  whenever  possible,  discussed  fully 
the  chemistry  of  the  processes  involved,  and  such  discussion 
has  been  in  simple  and  easily  understood  language.  In  nc  case 
has  he  gone  into  the  detail  that  can  be  foimd  in  certain  books, 
such  as  the  British  Admiralty  "Hydrogen  Manual,"  and  the 
"Hydrogen  Manual  of  the  U.  S.  Air  Service,"  but,  on  the  other 
hand,  the  subject  has  been  dealt  with  in  a  much  more  general 
and  comprehensive  way,  giving  not  only  what  has  been  the 
practice  in  the  past  and  is  the  practice  in  the  present,  but  also 
suggestions  as  to  future  improvements  It  is  a  book  full  of  most 
excellent  information  for  the  general  reader  rather  than  a  text- 
book for  an  operator  of  a  hydrogen  plant. 

It  is  not  to  be  expected  that  in  a  book  covering  so  wide  a  field 
some  errors  would  not  creep  in,  especially  when  the  author  has 
had  necessarily  to  deal  with  branches  of  the  subject  with  which 
he  has  had  no  practical  experience.  These  errors,  however, 
are  not  serious.  The  book  is  an  extremely  useful  one,  and  should 
he  in  every  chemical  laboratory. 

R.  B.  MooRE 

American  Sulphuric  Acid  Practice.     By  Philip  deWolf  and 

U.  L.  Larison,  with  a  special  chapter  by  W.  M.  LeClEar. 

vii -1-270    pp.     McGraw-Hill     Book  Co,    Inc.,    1921.     Price. 

$3.50. 

This  proves  to  be  an  interesting  and  suggestive  book  whether 
for  the  beginner  or  the  specialist.  Many  of  the  illustrations 
are  from  photographs  or  working  drawings  and,  generally  speak- 
ing, the  book  has  the  advantage  of  a  fresh  point  of  view  on  the 
sulfuric  acid  industry,  i.  e.,  the  point  of  view  of  men  who  make 
sulfuric  acid  in  the  open  surroundings  of  the  metallurgical  field 
and  not  in  the  secret  star  chamber  of  the  chemical  field. 

The  novice  should,  however,  accept  many  of  the  statements 
made  with  reservations.  The  historical  introduction  contains 
luimcrous  errors.  From  the  technical  point  of  view  the  book  is 
open  to  the  same  criticism.  Contrary  to  our  authors'  belief, 
contact   process  yields  are,  on  the  average,  jiroliably  no  better 
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than  in  good  chamber  practice  and  it  is  difficult  to  make  them 
as]  good  as  are  obtained  in  the  best  chamber  practice.  One 
would  be  compelled,  according  to  our  authors,  to  believe  that 
oxygen  carriers  were  not  actual  catalyzers,  and  that  "fume"  is 
not  properly  fume  at  all  because  it  is  not  a  true  gas,  and 
that  high  concentration  fuming  acid  plants  must  be  located  in 
the  driest  climate  possible.  Something  of  the  same  careless- 
ness appears  in  the  authors'  use  of  the  English  language: 
"Fimiing  acid  has  high  melting  points,  the  exact  varying  with 
the  strength."  In  spite  of  the  dual  authorship,  "I"  and  "we" 
are  used  interchangeably.  Such  blemishes,  however,  do  not 
seriously  interfere  with  the  usefulness  of  the  book. 

More  critical  errors  are  not  lacking:  It  is  stated  that  "Even 
with  the  most  careful  handling  somewhere  about  2  to  3  per  cent 
of  stjfur  will  remain  in  the  cinder  from  roasting  pyrites."  With 
good  pyrites  and  careful  handling  this  can  be  reduced  consider- 
ably below  1  per  cent.  Again,  it  is  doubtful  if,  to  test  acid  bricks 
for  a  Glover  tower,  it  is  sufficient  merely  to  immerse  them  in 
sulfuric  acid  and  then  to  allow  them  to  weather  for  a  few  weeks. 
Also,  direct-connected  immersed  centrifugal  pumps  were  used 
in  1905  for  handling  acid,  instead  of  "put  into  use  during  the  past 
three  or  four  years." 

On  the  whole,  however,  the  book  is  a  valuable  contribution 
to  the  literature  of  the  art. 

Wm.  M.  Grosvenor 

Soaps  and  Proteins — Their  Colloid  Chemistry  in  Theory  and 
Practice.  By  Martin  H.  Fischer,  with  the  collaboration 
of  George  D.  McLaughlin  and  Marion  O.  Hooker,  ix  -|- 
272  pp.  John  Wiley  &  Sons,  Inc.,  New  York;  Chapman  & 
Hall,  Ltd.,  London,  1921.     Price,  $4.00,  net. 

The  chemical  and  physical  relations  existing  between  fatty 
acids  and  their  salts  and  proteins  and  their  salts  led  the  author 
to  investigate  the  former  in  order  that  through  analogy  he  might 
better  understand  the  proteins  and  their  biological  relations. 

As  indicated  in  the  title,  it  is  the  evident  intent  of  the  author 
to  treat  everything  on  a  colloid  basis.  The  book  deals  with 
theoretical  and  experimental  work  on  the  colloid  chemistry  of 
soaps,  with  the  author's  version  of  the  colloid  chemistry  of  soap 
manufacture,  and  with  the  analogies  in  the  colloid  chemistry  of 
soaps,  protein  derivatives,  and  tissues. 

Any  scientist  has  the  unquestioned  right  to  coin  a  new  word 
at  any  time  to  meet  a  new  situation,  and  colloid  chemists  have 
exercised  this  prerogative  to  the  limit.  One  might  even  think 
they  have  strained  it  when  they  can  use  without  blushing  such 
words  as  lyophilic,  gelation,  solvation,  syneresis,  hydrophihc, 
dispersoid,  lyophobic,  and  a  host  of  others,  and  feel  called  upon 
to  use  such  words  as  solution  and  dissolving  in  quotation  marks 
and  to  refer  to  their  use  as  "in  the  accepted  parlance."  It  may 
be  admitted  that  the  molecular  behavior  that  is  responsible 
for  many  qualities  of  matter  is  not  completely  imderstood, 
but  the  word  solution  conveys  a  fairly  definite  idea  to  the  every- 
day chemist,  and  to  fight  shy  of  the  property  of  matter  known 
as  solubility  will  deprive  one  of  means  of  explaining  phenomena 
not  otherwise  explainable.  The  author  seems  to  be  profoundly 
neglectful  of  the  law  of  mass  action,  and  of  Berthelot's  Law 
and  Gibbs'  Phase  Rule. 

After  discussing  experiments  and  opinions  of  others  on  "salt- 
ing out"  soaps,  the  author  concludes  that: 

Without  recourse  to  too  many  or  too  violent  assumptions, 
the  following  seems  the  simplest  way  out.  The  entire  series 
of  changes  observed  in  the  salting  out  of  a  soap  by  an  alkali 
or  a  salt  is  readily  understood  if  it  is  assumed  that  the  added 
neutral  salt  or  alkali  hydroxide  unites  with  the  solvent  to  form 
a  hydrate  or  solvate  and  that  the  consequent  viscosity  changes 
(including  gelation)  are  dependent  upon  the  changes  in  vis- 
cosity observed  whenever  one  liquid  is  emulsified  in  a  second. 

Here  again  the  author  considers  that  he  is  dealing  with  an 
emulsion  rather  than  a  solution,  and  does  not  grasp  a  rational 


explanation  that  is  within  his  reach.  For  many  years  the  re- 
viewer has  recognized  that  the  "salting  out"  and  the  "setthng" 
of  soaps  are  simple  examples  of  the  phase  rule.  This  seemed  so 
self-evident  that  he  has  never  thought  of  publishing  it.  To 
any  solution  of  (sodium)  soap  in  water  or  liquid  solution  of 
water  in  soap,  let  us  add  concentrated  caustic  soda  solution, 
or  salt  or  strong  salt  solution.  At  first  a  small  amount  of  the 
added  substance  is  dissolved  in  the  soap  and  water.  Soap  is 
nearly  insoluble  in  strong  caustic  soda  or  strong  salt  solution, 
and  after  addition  of  one  or  the  other  or  both  of  these,  an  amount 
of  salt  or  caustic  alkali  is  present  which  can  no  longer  remain 
dissolved  in  the  soap-water  phase  as  a  homogeneous  system,  and 
a  second  phase  begins  to  appear.  We  have  now  a  phase  of  soap 
containing  water  and  a  little  dissolved  salt  or  alkali,  and  a  phase 
of  dilute  solution  of  salt  or  caustic  soda  containing,  at  first, 
considerable  dissolved  soap.  At  this  point  there  is  a  change  in 
the  viscosity.  Further  addition  of  salt  or  caustic  alkali  renders 
the  soap  still  less  soluble  and  precipitates  most  of  the  soap 
which  was  dissolved  in  the  dilute  salt  or  alkaline  phase  at  the 
first  appearance  of  the  phase,  and  there  are  now  two  phases, 
the  lighter  consisting  of  most  of  the  soap  and  containing  some 
water  and  dissolved  "lye,"  and  the  other  consisting  of  "lye" 
or  salt  solution  in  which  there  is  dissolved  a  small  amount  of 
soap.  Soaps  with  low  molecular  weights  are  as  a  rule  more  sol- 
uble and  a  larger  amount  of  salt  or  caustic  alkali  is  needed  to 
salt  them  out. 

"Dehydration"  is  given  as  an  explanation  of  many  phenomena 
which  to  the  reviewer  would  seem  to  be  explained  more  clearly 
on  the  basis  of  solubility.  The  expression  "complete  dehydra- 
tion" is  used  rather  loosely  to  denote  a  condition  wherein  there 
is  a  separation  of  a  concentrated  soap,  by  no  means  free  from 
dissolved  water. 

Throughout  the  book  the  author,  after  presenting  his  argu- 
ments, sets  down  in  italics  statements  which  might  impress  one 
as  proved  facts  or  fundamental  general  truths.  Many  of  these 
conclusions  are  sound  and  have  already  been  generally  accepted, 
but  some  of  them  do  not  seem  to  follow  from  the  facts  or  to  be 
in  strict  accord  with  them. 

This  book  will  not  be  of  service  to  the  soap  manufacturer  or  soap 
boiler.  The  chemist  wUl,  however,  read  it  with  a  great  deal  of 
interest.  It  will  be  strange  if  he  does  not  often  dissent  from 
many  statements,  but  the  man  who  is  able  to  form  his  own 
opinions  will  be  well  repaid  for  reading  the  book,  because  of  the 
independent  thought  it  is  sure  to  arouse. 

Martin  Hili,  Ittner 


Nos  Usines  Metallurgiques  Devastees.  Introduction  by  LfioN 
Guillet.  234  pp.  La  Revue  de  Metallurgie,  5,  Cite  Pigalle, 
Paris,  1921.     Price,  25  fr. 

Under  this  title  the  editors  of  La  Revue  de  Metallurgie  have 
gathered  a  number  of  monographs  dealing  with  the  wanton  de- 
struction of  French  metallurgical  plants  carried  out  by  the  Ger- 
man army  during  the  war.  Most  of  this  destruction  cannot 
possibly  be  excused  on  the  grounds  of  military  necessity  and 
appears  to  have  had  only  the  firm  purpose  of  systematically 
ruining  the  French  metallurgical  industry. 

The  monograph  is  illustrated  with  numerous  photographs 
showing  the  conditions  of  the  plants  before  the  war  and  after 
the  Armistice  and  will  be  a  lasting  witness  of  the  barbarism 
with  which  the  war  was  carried  out  by  the  Germans  in  France. 
Interesting  maps  are  given  showing  the  extent  of  the  destruc- 
tion and  comparison  of  what  the  affected  area  would  represent 
in  proportion  in  such  industrial  countries  as  England  and  the 
United  States.  It  would  make  interesting  reading  for  those 
who  believe  in  the  regulation  of  methods  of  warfare  by  treaties 
and  conventions. 

J.  Enrique  Zanetti 


Feb.,  1922 
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Chemical  Warfare.  By  Amos  A.  Fries  and  Clarencb  J. 
West,  x  +  445  pp.  McGraw-Hill  Book  Co.,  Inc.,  New  York, 
1921.     Price,  $3.50. 

This  is  an  authoritative  compilation  and  treati.se  prepared  by 
two  American  oiBcers  exceptionally  well  qualified  for  the  task. 
The  result  of  the  collaboration  of  these  experts  is,  as  might 
have  been  expected,  a  textbook  which  gives  a  full  and  generally 
dependable  account  of  the  history,  development,  and  significance, 
of  these  new  and  terribly  potent  weapons,  and  should  certainly 
find  a  place  upon  the  shelves  of  everyone  interested  in  the  sub- 
ject, as  well  as  upon  those  of  all  army  officers. 

A  Foreword  by  Major  Gen.  William  L.  Sibert,  the  distin- 
guished engineer  who  was  the  first  Director  of  C.  W.  S.  and  who 
remained  its  guiding  intelligence  until  long  after  the  signing  of 
the  Armistice,  concludes  with  the  following  generous  tribute 
to  the  chemical  profession:  "I  feel  that  this  book  will  show  that 
the  genius  and  patriotism  displayed  by  the  chemists  and  chemical 
engineers  of  the  country  were  not  surpassed  in  any  other  branch 
of  war  work  and  that  to  fail  to  utilize  in  peace  times  this  talent 
would  be  a  crime." 

Many  chapters  of  the  book  are  made  up  in  whole  or  in  part  of 
articles  and  addresses  which  have  appeared  elsewhere  and  are 
now  gathered  together  in  proper  sequence.  The  official  re- 
ports submitted  to  the  Director  by  the  various  Divisions  of  the 
Service  have  been  drawn  upon  freely,  as  well  as  the  published 
contributions  of  those  best  qualified  to  speak  on  the  subject. 

In  a  compilation  of  this  character  it  is  not  strange  that  some 
repetition  and  duplication  occur  and  occasional  minor  discrepan- 
cies, but  these  are  not  serious  and  do  not  affect  the  value  of  the 
book. 

Some  of  us  would  like  to  have  seen  rather  more  space  given 
to  the  Chemical  Service  Section,  not  only  because,  as  the  authors 
point  out,  "This  holds  the  distinction  of  being  the  first  recogni- 
tion of  chemistry  as  a  separate  branch  of  the  military  service 
in  any  country  or  in  any  war,"  but  also  because  it  was  the  nu- 
cleus of  what  subsequently  became  the  headquarters  staff,  or 
Administration  Division,  of  C.  W.  S.  To  it,  and  not  to  the 
Administration  Division,  belongs  whatever  credit  may  be  due 
for  securing  authority  from  the  Secretary  of  War  to  furlough 
back  to  war  industries  and  universities  those  chemists  essential 
to  a  maintenance  of  our  output  of  munitions  and  of  trained  men, 
and  finally  for  obtaining  the  famous  order  of  May  28,  1918, 
mobilizing  the  chemists  of  the  country  and  placing  upon  the 
C.  W.  S.  the  responsibility  for  sending  them  where  they  could 
render  to  their  country  the  maximum  assistance. 

In  the  judgment  of  the  reviewer,  the  following  additions 
would  increase  the  value  of  the  work,  and  it  is  to  be  hoped 
that  they  may  be  incorporated  in  subsequent  editions:  (1)  A 
selected  bibliography,  for  those  who  do  not  have  available 
that  published  in  "Special  Libraries"  (November  1919),  and 
(2)  an  outline  of  the  organization,  personnel,  plans,  and  policy 
of  the  Chemical  Warfare  Service. 

Marston  Taylor  Bogert 


The  Vitamine  Manual.     By  Walter  H.  Eddy.     121  pp.     Wil- 
hams  &  Wilkins  Co.,  Baltimore,  1921.     Price,  $2.50. 

This  small  volume  gives  a  concise  survey  of  the  investigations 
of  vitamincs  made  during  the  ten  years  they  have  been  known. 
The  essential  facts  are  very  clearly  and  readily  presented,  and 
the  book  will  undoubtedly  be  greatly  appreciated,  both  by  those 
working  in  the  field  and  those  simply  wishing  accurate  informa- 
tion on  the  subject. 

There  is  first  given  an  especially  interesting  account  of  how 
vitamincs  were  discovered  and  this  is  followed  by  a  short  chapter 
on  the  attempts  which  have  been  made  to  determine  the  chemical 
nature  of  vitamine.  It  is  to  be  regretted  that  the  brevity  of 
this  chapter  is  due  to  the  absence  of  positive  information  along 


this  line.  Of  the  difficulties  encountered  in  such  studies,  those 
resulting  from  the  inadequacy  of  the  physiological  methods  of 
vitamine  testing  are  especially  noteworthy.  The  author  has, 
therefore,  discussed  in  detail  the  available  methods  which  have 
been  developed  for  this  purpose,  including  the  recently  proposed 
yeast  test  which,  however,  has,  so  far,  not  been  shown  to  be 
si)ecific  for  vitamine. 

From  a  practical  standpoint  the  information  contained  in  the 
chapters  on  the  sources  of  vitamincs,  the  chemical  and  physio- 
logical properties  of  the  vitamincs,  and  how  to  utilize  the  vita- 
mines  in  diets  will  be  found  of  most  general  interest.  The 
author's  opinion  on  the  recent  crusade  for  the  eating  of  yeast 
cakes  will  undoubtedly  be  appreciated  by  many. 

The  concluding  chapter  describes  briefly  the  diseases  that 
result  from  vitamine  deficiencies,  and  finally  there  is  given  an 
excellent  bibliography  of  some  560  references. 

Atherton  Seidell 


Traite  de  Metallurgie  Generale.  By  LfiON  Guillet.  viii  -f 
528  pp.  J.-B.  Balli^re  &  Son,  19,  Rue  Hautefeuille,  Paris, 
1921.     Price,    paper   covered,    40   fr. ;     Hmp   binding,    50  fr. 

This  treatise  is  the  first  volume  of  an  encyclopedia  of  mining 
and  metallurgy  to  be  published  under  the  editorship  of  Leon 
GuiUet.  It  forms  part  of  a  larger  undertaking  comprising  en- 
cyclopedias of  industrial  electricity,  of  applied  mechanics,  oi* 
civil  engineering  and  public  works,  and  of  industrial  chemistry. 
The  publication  of  200  volumes  is  contemplated.  The  purpose 
is  to  discuss  the  most  modern  solutions  of  industrial  problems 
based  on  scientific  knowledge.  Thirty-two  volumes  will  be  de- 
voted to  the  study  of  metallurgy,  each  one  written  by  a  well- 
known  expert. 

This  first  book  is  divided  into  twenty-one  chapters  dealing, 
respectively,  with  metallurgical  operations  and  their  classifica- 
tions; roasting  and  calcining,  relation  between  roasting  and 
calcining  and  the  laws  of  physical  chemistry;  apparatus  for 
roasting  and  calcining;  smelting;  relations  between  smelting 
and  the  laws  of  physical  chemistry;  smelting  furnaces,  dis- 
tillation processes;  relations  between  distillation  and  the  laws 
of  physical  chemistry;  distillation  apparatus ;  electrometallurgy, 
electric  furnaces;  wet  methods  and  amalgamation;  apparatus 
for  wet  methods;  electrolysis;  wet  methods  and  the  laws  of 
physical  chemistry;  apparatus  for  electrolysis;  treatments  of 
ores;  casting  of  metallurgical  jiroducts,  ingots  and  their  defects; 
slags;    utilization  of  gases  and  dusts. 

It  will  be  seen  that  the  subject  is  treated  exhaustively  and  in 
logical  sequence.  For  those  who  might  be  surprised  that  the 
fuels  and  the  refractory  materials  are  not  included  in  this  volume 
it  should  be  stated  that  these  subjects  are  to  be  dealt  with  sej)- 
arately  in  the  next  two  volumes  of  the  series. 

Those  who  are  familiar  with  Professor  Guillet's  writings 
know  that  they  are  characterized  by  a  masterly  grasp,  breadth  of 
view,  clear  and  methodical  exposition.  The  same  qualities  will 
be  found  in  the  present  volume.  The  author,  while  a  scientific 
man,  never  loses  sight  of  the  fact  that  metallurgy  is  essentially 
an  apijlied  science  and  that  its  value  to  the  world  at  large  de- 
pends upon  its  jiossiblc  applications  to  industrial  operations. 
Soimd  metallurgical  operations,  however,  should  rest  upon 
well-known  scientific  phenomena,  and  metallurgical  progress 
should  be  sought  along  scientific  lines.  With  this  in  mind  the 
author  takes  pains  to  link  every  metallurgical  operation  witli  the 
teachings  of  chemistry  and  of  physical  chemistry.  Not  only 
the  student  of  metallurgy  but  the  teacher  as  well  and  the  prac- 
ticing metallurgist  should  find  in  this  important  book  much 
that  is  instructive,  illuminating,  and  suggestive. 

Albert  Sauveur 
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There  has  recently  been  a  marked  enlargement  of  development 
plans  for  the  Argentine  oil  fields  and  it  is  claimed  that  the  next 
few  years  wiU  see  a  greater  development  than  has  been  accom- 
plished since  the  first  well  was  drilled.     (P.  18j 

About  three-fourths  of  Guatemala's  imports  of  paints  and 
varnishes  consist  of  the  ordinary  prepared  paints,  which  come 
chiefly  from  the  United  States.     (P.  83.) 

After  a  long-continued  suspension  of  imports  of  chemicals  into 
Japan,  the  demand  for  foreign  chemicals  is  increasing.  About 
3500  tons  of  sulfate  of  ammonia  are  said  to  have  been  ordered 
from  the  United  States,  while  demand  is  brisk  for  formalin, 
rosin,  and  shellac.     (P.  84) 

A  list  of  Brazilian  oil  seed,  fruit,  and  nut  trees  and  palms, 
showing  the  approximate  proportion  of  the  oil  jneld  of  each  plant, 
has  been  prepared  by  the  Director  of  the  Museum  of  the  Commer- 
cial Association  of  Para,  and  copies  may  be  obtained  from  the 
Bureau  of  Foreign  and  Domestic  Commerce.     (P.  373) 

Under  the  name  of  "Eulan"  a  new  product  of  the  German 
chemical  industry  has  been  placed  on  the  European  market. 
The  base  of  the  new  product  is  reported  to  be  Martins  Yellow 
which,  it  is  claimed,  will  render  wool  moth  proof.     (P.  450) 

The  production  of  the  Comodoro  Rivadavia  oil  fields  for  1920 
amounted  to  1,540,492  bbls.,  an  increase  of  20.44  per  cent  as 
compared  with  the  year  1919.     (P.  843) 

In  connection  with  the  use  of  fuel  oil  in  Birmingham,  England, 
a  spirit  of  controversy  has  arisen  concerning  the  calorific  effi- 
ciencies of  coal  and  oil.  The  results  of  the  experiments  conducted 
support  the  claim  that  a  ton  of  fuel  oil  is  equal  to  two  tons  of 
coal.     (Pp.  843^) 

Rulings  for  marking  imports  for  Canada  are  cited  relative  to 
the  following  subjects;  Acids  and  chemicals,  coal  tar,  dyestuffs, 
glue,  mica,  paints  and  oils,  and  tanning  materials.     (Pp.  854-7) 

From  statistics  on  hand  the  statement  is  made  that  Burma  is 
capable  of  producing  sufficient  tin  to  make  the  Indian  Empire 
self-supporting  as  regards  this  metal,  provided  the  ores  be 
smelted  in  India.     (P.  893) 

An  act  of  the  Indian  Legislature  provides  that  a  customs  duty 
shall  be  collected  on  all  lac  and  refuse  lac  produced  in  India 
and  exported  to  any  port  beyond  the  limits  of  British  India  or 
to  Aden.     (P.   922) 

•  A  French  decree  of  November  4,  1921,  increases  the  general 
rates  of  import  duty  on  chloride  of  potassium  and  potassium 
sulfate.     (P.  922) 

By  a  recent  decree,  alcohol  imported  into  Greece  to  be  used 
for  heating  and  fighting  purposes  can  be  denatured  only  upon 
approval  of  the  Ministry  of  Finance.     (P.  922) 

The  Chilean  nitrate  year  1920-21  was  similar  to  the  preceding 
12  months  in  that  it  contained  a  period  of  optimism  and  one  of 
depression,  but  with  the  important  difference  that  the  year 
1919-20  began  in  inactivity  and  ended  at  a  time  when  prosperity 
appeared  to  have  retiu-ned,  whereas  in  the  following  year  the  spirit 
of  optimism  with  which  the  period  began  proved  to  be  short 
lived  and  soon  gave  way  to  demoralization,  resulting  in  the  most 
serious  crisis  which  the  industry  has  ever  known      (Pp.  927-9) 

Under  contemplated  changes  in  Spanish  tariff  increased  duties 
are  proposed  on  a  large  number  of  American  exports,  including 
all  kinds  of  petroleum.     (P.  937) 

Negotiations  have  recently  been  carried  on  between  the  owners 
of  the  Outokumpu  copper  mines  in  eastern  Finland  and  some 
German  copper  mine  owners  for  the  lease  of  the  Outokumpu 
mines  or  the  sale  of  the  raw  ore  from  them.  Experts  say  that  if 
the  mines  are  worked  to  their  fuU  capacity  the  production  wiU 
amount  to  at  least  6000  tons  of  copper  a  year,  not  counting  the 
other  products  of  which  the  sulfur  alone  is  sufficient  to  satisfy  the 
requirements  of  Finland's  paper  industr>'.     (P.  947) 

The  Chuling  Mining  Works,  which  is  working  a  lead  mine  in 
Chenping  district,  recently  made  its  first  shipment  of  lead. 
(P.  949) 


The  increase  in  the  production  of  the  French  bauxite  mines 
has  followed  closely  the  development  of  the  aluminium  industry. 
It  is  thought  that  the  French  production  of  aluminium  is  Ukely 
to  increase  from  25,000  to  30,000  metric  tons  as  compared  to 
13,500  metric  tons  in  1913.  The  probable  French  consumption 
of  bauxite  might  then  be  200,000  metric  tons  per  year.     (P.  963) 

The  shipments  of  petroleum  from  the  Tampico  oil  fields  for 
the  month  of  October  1921  reached  a  total  of  16,052,589  bbls. 
of  42  gal.  each,  decreasing  1,154,537  bbls.  from  the  September 
shipments.  The  decrease  was  due  primarily  to  a  restricted 
market  for  oil  in  the  United  States.     (P.  969) 

Much  speculation  is  current  respecting  the  prospect  of  dis- 
covering oil  in  the  Province  of  Antofagasta,  Chile.     (Pp.  970-1) 

Telegraphic  dispatches  indicate  large  American  investments 
in  BoUvian  petroleum.     (P.  971) 

The  salt  industry  of  the  Union  of  South  Africa  is  described 
as  being  in  a  serious  condition.     (P.  973) 

A  royal  Spanish  order  has  been  issued  authorizing  the  un- 
restricted exportation  of  olive  oil  until  further  notice.     (P.  983) 

The  island  of  Curafao,  West  Indies,  is  gaining  in  importance 
because  of  the  increasing  development  of  the  petroleum  industry 
and  of  the  proximity  of  the  island  to  the  new  Venezuelan  oil 
fields.     (P.  988) 

The  Chilean  government  has  sent  a  mining  engineer  to  Iquique 
to  investigate  the  report  of  the  discovery  of  the  new  nitrate  zone. 
(P.  989) 

Almost  contemporaneously  with  the  issue  of  the  mandate  of 
administration  for  the  islands  of  Nauru  and  Ocean,  was  the 
rediscoverj'  of  the  great  sulfur  mountain  of  Vanua  Lava  in  the 
Banks  group  of  the  New  Hebrides.  This  mountain  is  one  vast 
mass  of  sulfur,  the  quantity  being  99  per  cent  sulfur  and  the 
balance  ash.     (P.  991) 

The  German  Potash  Syndicate  has  issued  figmres  placing  Ger- 
many's production  of  potash  salts  during  the  first  six  months 
of  1921  at  4,454,261  metric  tons,  or  497.373  tons  of  pure  potash. 
(P.    994) 

The  outlook  of  the  French  chemical  industry  is  decidedly 
brighter.  The  production  of  alcohol  in  France  during  the  first  10 
months  of  this  year  totaled  944,676  hectoliters,  an  increase  of 
210,264  hectoUters  over  that  of  the  same  period  last  year.  (P. 
1003) 

The  paralyzation  in  iron  production  in  the  North  of  Spain 
continues.     (P.  1018) 

The  world's  production  of  tungsten  in  1920  was  as  follows: 
United  Kingdom,  94  long  tons;  Southern  Rhodesia,  15  tons; 
India,  2346;  Federated  Malay  States,  234;  New  Zealand,  39; 
and  the  United  States,  193  tons;  a  total  of  2921  long  tons.  Each 
of  these  figures  records  a  substantial  decrease  from  the  corre- 
sponding aggregate  in  1919,  which,  in  turn,  was  considerably 
lower  than  the  production  in  1918.     (P.  1019) 

The  Esthonian  oil-shale  exploitations  are  described,  including 
the  nature  of  the  shale,  production  in  1920,  utilization  as  fuel, 
distillation,  and  concessions  to  native  and  foreign  interests. 
(Pp.    1028-9) 

Statistics  are  given  showing  the  production  of  two  promising 
oil  wells  in  the  Tampico  district,  and  the  Panuco  fields  continue 
prolific.     (P.  1030) 

At  the  recent  annual  meeting  of  the  Agricultural  Society  at 
Beziers,  a  committee  was  authorized  to  organize  a  competition 
with  a  view  to  discovering  a  practical  and  economical  motor  fuel 
with  alcohol  as  the  basis  of  its  composition.     (P.  1030) 

Information  relative  to  petroleum  concessions  in  Honduras 
may  be  obtained  from  the  Bureau  of  Foreign  and  Domestic 
Commerce  or  any  of  its  district  or  cooperative  offices.     (P.  1030) 

A  process  has  recently  been  patented  in  Japan  for  the  produc- 
tion of  a  fiber  resembling  artificial  silk  from  China  grass,  or  ramie. 
It  is  intended  to  patent  the  process  in  other  countries.     (P.  1030) 

Trade  lists  are  available  in  the  Commercial  Intelligence  Divi- 
sion of  the  Department  of  Commerce  relative  to  petroleum  and 
mining  companies  operating  in  Egypt.     (P.  1034) 

General  Australian  tariff  revisions  or  changes  are  noted  with 
respect  to  aluminium,  lactose,  fertilizers,  taimed  hides,  aromatic 
distilled  waters,  nonspirituous,  tanning  and  dyeing  extracts. 
(Pp.    1045-6) 
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Report  of  the  Chemist.  C.  L,  Alsberg,  48  pp.  December  1921.  (Cov- 
ering the  work  of  the  Bureau  of  Chemistry  for  the  fiscal  year  ended 
June   30,    1921.) 

Volume  Variation  of  Bottled  Foods.  H.  Runeel  and  J.  C.  Munch.  Z>«- 
partment    Bulletin    1009.      20    pp.      Issued    December    16,    1921. 

Geological  Survey 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  South  Dakota  and  Wyoming  in 
1920.  Mines  Report.  C.  W.  Henderson.  Separate  from  Mineral 
Resources   of    the    United    States,    1920,    Part    I.      6   pp. 

Lignite  in  the  Western  Part  of  the  Fort  Berthold  Indian  Reservation  South 
of  Missouri  River,  North  Dakota.  C.  M.  Bauer  and  F.  A.  Herald. 
Separate  from  Contributions  to  Economic  Geology,  1921,  Part  II.  6? 
pp.     Published    December   3,    1921. 

Lime  in  1920.  C.  F.  Loughlin  and  A.  T.  Coons.  Separate  from  Mineral 
Resources  of  the  United  States,  1920,  Part  II.      12  pp. 

Manganese  and  Manganiferous  Ores  in  1920.  H,  A.  C.  Jenison.  Sepa- 
rate from  Mineral  Resources  of  the  United  States,  1920,  Part  I.  1$ 
pp.     Published    December    27,    1921. 

Microscopic  Determination  of  the  Nonopaque  Minerals.  E.  S.  Larsen. 
Bulletin     679.     294     pp.     Paper,     30    cents. 

Mineral  Resources  of  the  United  States,  1918.  Part  II — Nonmetals^ 
R.  W.  Stone,   Geologist  in  Charge.     1557  pp.     Cloth.     1921. 

Natural-Gas  Gasoline  in  1919.  E.  G.  Sievers.  Separate  from  Mineral 
Resources  of  the  United  States,  1919,  Part  II.  16  pp.  Published  De- 
cember   7,    1921. 

Ore  Deposits  of  Cedar  Mountain  Mineral  County,  Nevada.  Adolph 
Knopf.  Bulletin  725-H.  Separate  from  Contributions  to  Economic 
Geology,    1921,    Part   I.     22   pp.     Published    November    19,    1921. 

Ore  Deposits  of  the  Salmon  River  District,  Portland  Canal  Region,  Alaska. 
L,  G,  Westgate.  Bulletin  722-C.  Separate  from  Mineral  Resources 
of    Alaska,    1920-C,     24    pp. 

Pyrite  at  the  Halle  Mine,  Kershaw,  South  Carolina,  with  a  Note  on  Py- 
ritization  at  the  Brewer  Mine  near  Jefferson.  F.  C.  Schradbr.  Bulle- 
tin 725-F.  Separate  from  Contributions  to  Economic  Geology,  1921, 
Part  I.     15  pp.     Published   October  21,   1921. 

Round  Mountain  District,  Nevada.  H.  G.  Ferguson.  Bulletin  725-1. 
Separate  from  Contributions  to  Economic  Geology,  1921,  Part  I.  24  pp. 
Published    November    21,    1921. 

Sand  and  Gravel  in  1920.  L.  M.  Beach.  Separate  from  Mineral  Re- 
sources of  the   United  States,    1920,   Part  II,      10  pp. 

Secondary  Metals  in  1920.  J,  P.  Dunlop.  Separate  from  Mineral  Re- 
sources of  the  United  States,  1920,  Part  I,  15  pp.  Published  November 
11,    1921. 

Silica  in  1920.  L.  M.  Beach.  Separate  from  Mineral  Resources  of  the 
United  States,    1920,   Part  II.     2  pp.     Published   October   11.    1921. 

Silver,  Copper,  Lead,  and  Zinc  in  the  Central  States  in  1920.  Mines  Re- 
port. J.  P.  Dunlop  and  F.  Begeman.  Separate  from  Mineral  Re- 
sources of  the  United  States,  1920,  Part  I.  38  pp.  Published  November 
11,    1921. 

Superpower  System  for  the  Region  between  Boston  and  Washington. 
W.  S.  Murray  and  Others.      Professional  Paper  123.     261  pp.     1921. 

Taylor  Creek  Tin  Deposits,  New  Mexico.  J,  M,  Hill.  Bulletin  725-G. 
Separate  from  Contributions  to  Economic  Geology,  1921,  Part  I.  13- 
pp.     Published  November   IS,   1921, 

Public  Health  Service 

Studies  on  the  Treatment  and  Disposal  of  Industrial  Wastes.  Bulletin 
118.      Paper,     10    cents,      1921. 

Tariff  Commission 

Tariff    Information    Surveys.      Revised    Edition.     1921.     C-27.      Articles 

in  Paragraphs  162  and  163  of  Tariff  Act  of  1913  and  related  articles  in 
other  paragraphs.     Zinc  Industry.     82  pp.     Paper,   5  cents. 
Production  Costs  in  Lithopone  Industry.     First  Six  Months  of  1921.     Tariff 
Information  Series  24.     12  pp.     Paper,  5  cents. 
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INORQANIC  CHEMICALS 

Jan.   1 
.12«A 

.011/4 

.19 
.06»/« 

.12 

.07 

17.00 

22.00 

g.OS'/t 

.03 
•.07 
.07Vi 
.07'/i 
.07 
60.00 
•.07 
28.00 
2.25 
.05V« 
.20 


Acid,  Boric,  cryst.,  bbls lb. 

Hydrochloric,  com'l,  20° lb. 

Hydriodic oz. 

Nitric,  42° lb. 

Phosphoric,  S0%  tech lb. 

Sulfuric,  C.  P lb. 

Chamber,  66° ton 

Oleum  20% ton 

Alum»  ammonia,  lump lb. 

Aluminium  Sulfate  (iron-free) lb. 

Ammonium  Carbonate,  pwd lb. 

Ammonium  Chloride,  gran lb. 

Ammonia  Water,  drums,  26° lb. 

Arsenic,  white lb. 

Barium  Chloride ton 

Nitrate lb. 

Barytes,  white ton 

BleachingPowd., 35%,  works,  100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure lb. 

Calcium    Chloride,   fused,  f.  o.  b. 

N.  Y ton  24.75 

Chalk,  precipitated,  light lb.  .03'/» 

China  Clay,  imported ton  18.00 

Copper  Sulfate 100  lbs.  5.55 

Feldspar ton  8.00 

FuUcf's  Earth 100  lbs.  i  .00 

Iodine,  resublimed lb.  3 .  80 

Lead  Acetate,  white  crystals lb.  .11 

Nitrate lb.  .15 

Red  American 100  lbs.  .08 

White  American 100  lbs.  .  07  •/« 

Lime  Acetate 100  lbs.  1.75 

Lithium  Carbonate lb.  1.50 

Magnesium  Carbonate,  tech lb.  .06 

Msgnesite ton  72.00 

Mercury  flask 75  lbs.  ♦52.00 

Phosphorus,  yellow lb.  •  ,28 

Plaster  of  Paris 100  lbs.  1 .  50 

Potassium  Bichromate lb.  ,  lO>/4 

Bromide,  imported lb.  *.li 

Carbonate,  calc,  80-85% lb.  .O41/1 

Chlorate,  cryst lb.  *.06 

Hydroxide,  88-92% lb.  • .  06 

Iodide,  bulk lb.  2.90 

Nitrate lb.  .08 

Permanganate,  U.  S.  P lb.  •.15 

Salt  Cake,  bulk ton  17. 00 

Silver  Nitrate oz.  .44Vi 

Soapstone,  in  bags ton  12.00 

Soda  Ash,  58%,  bags 100  lbs.  *1.85 

Caustic,  76% 100  lbs.  '3  70 

Sodium  Acetate lb.  .04 

Bicarbonate 100  lbs.  2 .  30 

Bichromate lb.  .07V4 

Chlorate lb.  .07'/i 

Cyanide lb.  ,26 

Fluoride,  technical lb.  .10 

Hyposulfite,  bbls 100  lbs.  3 .  60 

Nitrate,  95% 100  lbs.  2.32'/i 

Silicate,  40° lb.  .01 

Sulfide,  60%  fused lb.  •04 'A 

Bisulfite,  powdered lb.  .04Vi 

Strontium  Nitrate lb.  •.!! 

Sulfur,  flowers 100  lbs.  3.00 

Crude long  ton  20.00 

Talc,  American,  white ton  18.00 

Tin  Bichloride.. 50%  boI'd lb.  .lO'A 

Oxide lb.  .38 

Zinc  Chloride,  U.  S.  P lb.  .35 

Oxide,  bbls lb.  .08 

OKQANIC  CHEMICALS 

Acetanilide lb.  ^.29 

Add,  Acetic,  28  p.  c 100  lbs.  2 .  60 

Glacial lb.  .09 

Acetylsalicylic lb.  .76 

Benzoic,  U.  S.  P.,  ex-toluene . .  lb.  .  60 

Carbolic,  cryst.,  U.  S.  P.,drs..lb.  .11 

50- to  UO-Ib.  tins lb.  .21 

Citric,  crystals,  bbli lb.  •.44 


Jan.  15 

.  12V. 

.OUA 

.19 

.O6V4 

.10 

.07 
17.00 
22.00 

.03'A 

.03 
•  '.OT 

.07Vi 

.07'A 

.07 'A 
50.00 
*.06'A 
2S.00 
2.2s 

.06«A 

.20 

24.76 

.03  "A 

18.00 

5.55 

8.00 

1.00 

3.80 

.11 

.15 

.08 

.07 'A 

1.75 

1.50 

.06 

72.00 

•52.00 

•.25 

1.50 

.10 

•.13 

.04 'A 
•.06 
•.06 
2.90 
.08' 
•-U 
17.00 

.43'A 
12.00 
•1.76 
*3.70 
.04 
2.30 
.07'A 
.07 
.26 
.10 
3.50 
2. 37 'A 

.01 
•.04 'A 
•  04 'A 
•.11 
3.00 
20.00 
18.00 
.lO'A 
.38 
.36 
.08 

•.29 
2.  SO 

.09 

.76 

.66 

.11 

.21 
•.43 


Jan.  1 
Acid  (Concluded) 

Oxalic,  cryst.,  bbls lb.  .  14'A 

PjTogalUc,  resublimed lb.  1.75 

Salicylic,  bulk,  U.  S.  P lb.  .24 

Tartaric,  crystals,  U.  S.  P lb.  ^.26 

Trichloroacetic,  U.S.P lb.  4.40 

Acetone,  drums lb.  .12'A 

Alcohol,  denatured,  complete. . .  .gal.  .46 

Ethyl,  190  proof gal.  4.85 

Amyl  Acetate gal.  2.16 

Camphor,  Jap,  refined lb.  .92 

Carbon  Bisulfide lb.  .06'A 

Tetrachloride lb.  .  lO'A 

Chloroform,  U.  S.  P lb.  *.38 

Creosote,  U.  S.  P lb.  .40 

Cresol,  U.  S.  P lb.  .17 

Dextrin,  com 100  lbs.  2.50 

Imported  Potato lb.  .08'A 

Ether,  U.  S.  P.,  cone,  100  lbs.. .  .lb.  .14 

Formaldehyde lb.  •.  lO'A 

Glycerol,  dynamite,  drums lb.  .  14 

Methanol,  pure,  bbls gal.  .75 

Pyridine gal.  1.75 

Starch,  com 100  lbs.  1.93 

Potato,  Jap lb.  .06 

Rice lb.  .18 

Sago lb.  .04 

OILS,  WAXES,  ETC. 


Beeswax,  pure,  white lb. 

Black  Mineral  Oil,  29  gravity gal. 

Castor  Oil,  No.  3 lb. 

Ceresin,  yellow lb. 

Corn  Oil,  crude,  tanks,  mills lb. 

Cottonseed  Oil,  crude,  f.  o.  b.  mill.  .lb. 

Linseed  Oil,  raw  (car  lots) gal. 

Menhaden  Oil,  crude  (southern) .  gal. 

Neat's-foot  Oil,  20° gal. 

Paraffin,  128-130  m.  p.,  ref lb. 

Paraffin  Oil,  high  viscosity gal. 

Rosin,  "F"  Grade,  280  lbs bbl. 

Rosin  Oil,  first  run gal. 

Shellac,  T.  N lb. 

Spermaceti  .cake lb. 

Sperm  Oil,  bleached  winter,  38°.  .gal. 

Stearic  Acid,  double-pressed lb. 

Tallow  Oil,  acidless gal. 

Tar  Oil,  distilled gal. 

Turpentine,  spirits  of gal. 


.33 

.22 

.  lO'A 

.071A 

.06«A 

.06Vi 

.69 

.35 
1.25 

.06 

.45 
6.50 

.36 

.66 

.30 
1.73 

.10 

.77 

.60 

.91 


METALS 


Aluminium,  No.  1,  ingots lb.  .17 

Antimony,  ordinary 100  lbs.  4.65 

Bismuth lb.  1.55 

Copper,  electrolytic lb.  .  13'A 

Lake lb.  .  13V« 

Lead,  N.  Y lb.  .04>A 

Nickel,  electrolytic lb.  .41 

Platinum,  refined,  soft oz.  93.00 

Quicksilver,  flask 76  lbs.  ea.  52 .  00 

Silver,  foreign oz.  .66'A 

Tin lb.  .33 

Tungsten  Wolframite per  unit  2.60 

Zinc,  N.  Y 100  lbs.  6.15 

FERTILIZER  MATERIALS 


Ammonium  Sulfate,  export.  ..100  lbs. 

Blood,  dried,  f.  o.  b.  N.  Y unit 

Bone,  3  and  50,  ground,  raw too 

Calcium  Cyanamide,  unit  of  Am- 
monia   

Fish  Scrap,  domestic,  dried,  f.  o.  b. 

works unit 

Phosphate  Rock.  f.  o.  b.  mine; 

Florida  Pebble,  68% ton 

Tennessee,  78-80% ton 

Potassium  Muriate,  80% unit 

Pyrites,  furnace  size,  imported,  .unit 
Tankage,    high-grade,    f.    o.    b. 
Chicago unit 


2.60 

3.50 

30.00 

2.25 

3.25  &  .10 

6.00 
8.00 

.76 

.14 

3.00  &  .10 


Jan.   15 

.14'A 
1.75 

.24 
•.25 
4.40 

.12"A 

.43 
4.85 
2.18 

.90 

.O6V1 

.lO'A 
•.38 

.40 

.17 
2.50 

.O81/1 

.14 
*.10 

.15 

.75 
1.75 
1.93 

.06 

.18 

.04 


.33 

.22 

.lOVi 

.07Vi 

.06'A 

.06'/4 

.72 

.38 
1.32 

.06 

.46 
6.30 

.36 

.65 

.30 
1.73 

.10 

.77 

.60 

.89 


.17 
4.46 
1.65 
.  13V» 
.  13Vi 
.04  "A 
.41 
93.00 
62.00 
.66>A 
.327, 
2. 50 
6- 10 


2.60 

3.60 

30.00 

2.26 

3.26  &  .10 

6.00 

8.00 

.76 

.14 

3.00  &  .10 


•Resale  or  Imported  (not  an  American  maker's  price). 
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COAL-TAB  CHEMICALS 

Jan.  1 


Crudas 

Anthracene,  80-85% lb. 

Benzene,  pure gal. 

Cresol,  U.  S.  P lb. 

Cresylic  Acid,  97-99% gal. 

Naphthalene,  flake lb. 

Phenol,  drums lb. 

Toluene,  pure gal. 

Xylene,  2  deg.  dist.  range gal. 

Intermediates 

Acids: 

Anthranilic lb. 

Benzoic  tech lb. 

Broenner's lb. 

Clere's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  P lb. 

Naphthionic,  crude lb. 

Nevile  &  Winther's lb. 

Phthalic lb. 

Picric lb. 

Sulfanilic lb. 

Tobias' lb. 

Aminoazobenzene lb. 

Aniline  OU lb. 

AnUine  Salt lb 

Antbraquinone lb. 

Bayer's  Salt lb. 

Benzaldebyde,  tech lb. 

U.S.  P lb. 

Benzidine   (base) lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dianisidine lb. 

^-Dichlorobenzene lb. 

Diethylaniline lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Dinitrotoluene lb. 

Dipbenylamine lb. 

GSalt lb. 

Hydroquinol lb. 

Metol  (Rhodol) lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

a-Naphthylamine lb. 

t-Naphthylamine  (Sublimed) lb. 

6-Naphthol,  dist lb. 

ffl-Nitroaniline lb. 

^-Nitroaniline lb. 

Nitrobenzene,  crude lb. 

Rectified  (Oil  Mirbane) >b. 

^-Nitrophenol lb. 

p-Nitrosodimethylanillne lb. 

o-Nitrotoluene lb. 

^Nitrotoluene lb. 

m-Phenylenediamine lb. 

^•Phcnylenediamine lb. 

Phthalic  Anhydride lb. 

Primuline  (Base) lb. 

RSalt lb. 

Resorcinol,  tech lb. 

U.S.P lb. 

Schaeffer  Salt lb. 

Sodium  Naphtbionate lb. 

Thiocarbanilide lb. 

Tolidine  (Base) lb. 

Toluidine,  mixed lb. 

o-Toluldine lb. 

#-Toluidine lb. 

M-Toluylenediamine lb. 

Xylidine,  crude lb. 


1.10 

.60 
1.55 
1.50 
2.25 

.90 
1.60 
2.30 

.65 
1.30 

.38 

.30 

.27 
2.00 
1.15 

.17 

.25 
l.SO 
1.00 

.45 
1.25 

.90 

.70 
5.50 
4.75 

.15 
1.00 

.40 

.21 

.25 

.80 

.70 
1.35 
3.00 

.10 
1.00 

.30 
l.SO 

.30 

.85 

.77 

.10 

.llVt 

.75 

.15 

.70 
1.10 
1.60 

.38 
3.00 

.60 
1.60 
2.00 

.70 

.70 

.40 
1.20 

.30 

.20 
1.25 
1.10 

.45 


Jan.  15 


.75 

.75 

.29 

.29 

.17 

.17 

.80 

.80 

.07Vi 

.07Vi 

.11 

.11 

.30 

.30 

.48 

.45 

COAL-TAB  COLOBS 


Aeld  Colon 

Black 

Blue 


.lb. 
.lb. 


.80 
1.60 


1.10 

.60 
1.66 
1.60 
2.25 

.80 
1.00 
2.30 

.65 
1.30 

.38 

.30 

.27 

2.00 

1.15 

17 

.25 
1.60 
1.00 

.45 
1.25 

.90 

.70 
5.50 
4.75 

.15 

.90 

.40 

.21 

.25 

.60 

.70 
1.35 
3.50 

.10 
1.00 

.30 
l.SO 

.30 

.85 

.77 

.10 

.ll'/i 

.76 

.15 

.70 
1.10 
1.60 

.38 
3.00 

.60 
1.60 
2.00 

.70 

.70 

.40 
1.20 

.30 

.20 
1.25 
1.10 

.45 


.80 
1.60 


Aeld  Colors  (Concluded) 

Puchsin lb. 

Orange  III lb. 

Red lb. 

Alkali  Blue,  domestic lb. 

Azo  C^armine lb. 

Azo  Yellow lb. 

Erythrosin lb. 

Indigotin,  cone lb. 

Paste lb. 

Naphthol  Green lb. 

Ponceau lb. 

Scarlet  2R lb. 

Direct  Colors 

Black lb. 

Blue  2B lb. 

Brown  R lb. 

Fast  Red lb. 

Yellow lb. 

Violet,  cone lb. 

Chrysopbenine,  domestic lb. 

Congo  Red,  4B  Type lb. 

Primuline,  domestic lb. 

OU  Colors 

Black lb. 

Blue lb. 

Orange lb. 

Red  in lb. 

Scarlet lb. 

YeUow lb. 

Nigrosine  Oil,  soluble lb. 

Sulfur  Colon 

Black lb. 

Blue,  domestic lb. 

Brown lb. 

Green lb. 

YeUow lb. 

Chrome  Colors 

Alizarin  Blue,  bright lb. 

Alizarin  Red,  20%  paste lb. 

Alizarin  YeUow  G lb. 

Chrome  Black,  domestic lb. 

Chrome  Blue lb. 

Chrome  Green,  domestic lb. 

Chrome  Red lb. 

Gallocyanin lb. 


Basic  Colors 

Auramine,  O.  domestic lb. 

Auramine,  OO lb. 

Bismarck  Brown  R lb. 

Bismarck  Brown  G lb. 

Chrysoidine  R lb, 

Chrysoidine  Y lb. 

Green  Crystals,  Brilliant lb. 

Indigo,  20%  paste lb. 

Puchsin  Crystals,  domestic lb. 

Magenta  Acid,  domestic lb. 

Malachite  Green,  crystals lb. 

Methylene  Blue,  tech lb. 

Methyl  Violet  3  B lb. 

Nigrosine,  spts.  sol lb. 

Water  sol.,  blue lb. 

Jet lb. 

Phosphine  G.,  domestic lb. 

Rbodamine  B,  extra  cone lb. 

Victoria  Blue,  base,  domestic lb. 

Victoria  Green lb. 

Victoria  Red lb. 

Victoria  YeUow lb. 


Jan    1 


Jan.  It 


2.00 

2.00 

.50 

.60 

1.00 

1.00 

4.50. 

4.60 

4.00 

4.00 

1.50 

1.60 

7.60 

7.50 

2.50 

2.50 

1.50 

1.60 

1.60 

1.60 

.80 

.80 

.70 

.70 

.70 

.70 

.60 

.60 

.85 

.85 

2.35 

2.35 

1.60 

1.60 

1.10 

1.10 

1.10 

1.10 

.90 

.90 

3.00 

3.0O 

.70 

.70 

1.26 

1.26 

.95 

.95 

1.65 

1.65 

i.oe 

1.00 

1.25 

1.25 

.90 

.90 

.20 

.30 

.70 

.70 

.35 

.35 

.00 

1.00 

.76 

.75 

6.06 

8.0O 

.60 

.00 

.85 

.85 

.65 

.05 

.76 

.75 

1.60 

1.60 

1.78 

1.75 

2.30 

2.30 

1.80 

1.80 

3.00 

3.0O 

.70 

.70 

1.00 

l.OO 

.75 

.76 

.75 

.76 

2.25 

2.25 

.45 

.45 

3.00 

3.00 

2.00 

2.00 

1.60 

1.60 

1.50 

1.50 

1.75 

1.76 

.70 

.70 

.60 

.60 

.90 
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EDITORIALS 


On  to  Birmingham 

Leading  men  in  any  activity  agree  that  one  of  the  best 
investments  in  their  experience  and  a  most  potent  factor  in 
their  success  has  been  attendance  at  meetings  of  their  fel- 
lows. Chemistry  is  no  exception.  You  owe  it  to  yourself 
to  obtain  that  advantage  which  comes  only  from  frequent 
contact  with  those  in  your  own  field.  The  benefits  are 
cumulative.    He  profits  most  who  attends  with  regularity. 

It  has  been  seven  years  since  the  Society  has  enjoyed  the 
hospitality  of  the  South.  Birmingham  is  preparing  for  us, 
and  the  industrial  region  is  attractive.  Your  especial  at- 
tention is  called  to  the  announcement  on  page  238  in  this 
issue,  and  we  urge  you  to  plan  definitely  to  be  among  those 
present. 


The  Dye  Lobby  Investigation 

Several  months  have  passed  since  Senator  King  demanded 
an  immediate  investigation  of  what  he  described  as  a  wicked 
dye  lobby.  Two  months  have  passed  since  the  probe  was 
ordered,  after  being  widened  to  include  the  importers  of 
coal-tar  chemicals  and  dyes.  After  much  difficulty  the  sub- 
committee has  been  completed,  comprising  Senators  Short- 
ridge,  Chairman,  Sterling,  and  Ashurst.  Delays,  varied  with 
postponements,  followed,  until  we  began  to  wonder  whether 
the  Senator  had  not  found  vital  weaknesses  in  his  case  after 
his  charges  were  stripped  of  verbose  generalities.  We  under- 
stand he  has  urged  that  the  Committee  be  empowered  to 
employ  counsel  to  prepare  a  case  against  American  dye 
makers.  We  suspect  the  Senator  wishes  he  might  be  given 
a  place  on  the  Committee  and  allowed  to  pass  upon  the 
case  based  upon  his  own  charges. 

Meanwhile,  both  the  American  Dyes  Institute  and  the 
Synthetic  Organic  Chemical  Manufacturers  Association  of 
the  United  States  have  stated  their  willingness  to  aid  in  the 
investigation  and  to  put  their  facilities  at  the  disposal  of  the 
Committee.  It  does  seem  that  if  things  were  as  bad  as 
stated  by  the  Senator  the  Committee  should  be  well  along 
with  its  work.  As  it  is,  industrial  development  is  being 
retarded  because  the  thought  of  executives  is  now  directed 
away  from  business  by  the  impending  call  to  appear  at  the 
hearing  which  began  on  February  20. 

Delay  may  be  a  part  of  the  plan  to  harass  our  industry 
continually  and  give  time  for  foreign  penetration  while  we 
await  decisive  action. 

Speed  the  investigation! 


Popularity  versus  Security 

Those  who  really  understand  something  of  chemical  war- 
fare service  were  pleased  when  a  committee  of  technical  men, 
of  which  the  President  of  this  Society  was  chairman,  was 
formed  to  bring  in  a  well-considered  report  on  the  possibUity 
of  controlling  chemical  warfare  by  resolutions.  An  Advisory 
Committee  composed  of  people  who  are  not  chemists  and  who 
have  given  no  special  thought  to  the  science  was  also  ap- 
pointed. It  has  been  much  to  the  disappointment  of  many 
people  that  the  report  of  the  latter  committee,  not  of  the 
former,  has  been  given  pubhcity.    From  our  present  infor- 


mation, it  appears  that  the  conference  made  up  its  mind  in 
advance  and  without  expert  advice  that  chemical  warfare 
should  be  made  the  scapegoat,  and  that  such  a  report  as 
the  Advisory  Committee  made  was  the  kind  it  would  pubhsh. 
We  have  been  unable  to  learn  just  what  the  technical  report 
recommended,  and  we  call  upon  the  officials  of  the  con- 
ference to  give  it  pubUcation. 

In  discussing  the  resolutions  pertaining  to  the  abolition 
of  chemical  warfare,  the  Secretary  of  State  declared  that  the 
proposed  action  would  be  a  popular  thing.  We  cannot 
help  wondering  whether  in  the  minds  of  the  delegates  popu- 
larity may  not  at  times  have  taken  precedence  over  security. 
No  one  would  have  felt  secure  in  conferring  upon  the  limita- 
tion of  navies  unless  the  leading  naval  powers  had  been 
parties  to  the  conference.  How  can  we  feel  secure  in  cheer- 
fully passing  resolutions  on  the  most  humane,  efficient,  and 
latest  development  of  warfare  without  those  who  first  used 
it,  and  who  are  best  prepared  to  develop  it  further,  being 
parties  to  the  action?  And  if  every  nation  in  the  world 
should  sign  the  treaty,  what  defense  could  be  made  if  the 
treaty  were  broken  unless  we  had  continued  research? 
Quoting  Mr.  Balfour,  "No  nation,  therefore,  can  forego  the 
duty  of  examining  how  such  attacks  could  be  properly  dealt 
with  and  effectively  met." 

Chemists  in  particular  and  thousands  of  others  want  to 
read  the  report  of  the  technical  committee. 


An  Invitation 

The  Woman's  Department  of  The  National  Civic  Federa- 
tion, of  which  Mrs.  Warren  G.  Harding  is  the  Honorary 
Chairman,  Miss  Maude  Wetmore,  Chairman,  Mrs.  Rogers 
H.  Bacon,  Secretary,  Miss  Anne  Morgan,  Treasurer,  and 
Mrs  Coffin  Van  Rensselaer,  Executive  Secretary,  passed  a 
resolution  at  their  Thirteenth  Annual  Meeting  which  is 
essentially  an  invitation  to  the  chemists  of  the  country  to 
appear  before  the  various  groups  of  interested  women  and 
tell  them  something  of  what  chemistry  in  its  various  phases 
means  to  them  and  to  the  country.    The  resolution  follows: 

Whereas,  The  science  of  chemistry  and  its  applications  to 
industry  bear  directly  upon  the  welfare  of  the  home,  the  better- 
ment of  agriculture,  the  efficiency  of  manufactvu-e,  the  progress 
of  medicine,  the  surety  of  national  defense,  and 

Whereas,  Advance  in  chemistry  is  conditioned  by  facilities 
for  research  both  as  to  personnel  and  equipment,  and 

Whereas,  In  a  democracy  an  intelligently  informed  public 
understanding  of  chemistry  and  the  chemical  industries  is  a 
prerequisite  for  stimulation  of  the  study  of  the  science  of  chemis- 
try, advancement  in  research  and  stabilization  and  preservation 
of  the  chemical  industries. 

Therefore  be  it  resolved,  That  the  Woman's  Department  of  The 
National  Civic  Federation  approves  and  lU'ges  the  immediate 
and  effective  presentation  of  this  subject  to  the  women  of  Amer- 
ica, convinced  that  through  such  an  educational  movement  the 
life  of  the  nation  will  be  bettered  and  made  more  secure. 

For  some  time  chemists  have  been  complaining  of  the  fact 
that  their  work  is  not  understood  and  appreciated,  that  too 
few  people  know  what  research  in  chemistry  means  to  in- 
dustrial progress  and  national  welfare.  Some  months  ago 
President  Smith  urged  members  to  speak  upon  chemical 
subjects  wherever  an  audience  could  be  found.  Here  is  an 
invitation.    For  your  own  sake,  speak! 
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Our  Viewpoint 

Let  us  suppose  there  is  a  community  where  all  buy  their 
supplies  by  mail.  Surely  they  have  a  right  to  do  so.  But 
suppose  the  community  encourages  one  of  its  members  to 
engage  in  the  general  store  business?  They  wish  to  avoid 
uncertainties,  to  have  better  accommodations,  establish  a 
line  of  credit,  obtain  specialties  upon  short  notice,  and  enjoy 
personal  contact  in  their  trans- 
actions.   It  seems  to  us  their         

action  morally  binds  them  to 
give  the  support  imphed  in 
their  invitation  to  the  local 
enterprise  so  long  as  it  deals 
fairly  with  them. 

In  a  time  of  actual  need, 
a  large  group  of  scientists, 
industrialists,  and  even  govern- 
ment officials  insisted  that 
Americans  must  establish  a 
domestic  laboratory  apparatus 
and  supply  industry,  advised 
that  investments  necessary 
for  development  be  made,  and 


assured  each  other  that  not 
only  did  they  desire  to  make 
America  reasonably  indepen- 
dent in  essentials,  but  that 
they  were   determined  never 

again  to  be  left  without  an  American  source  of  appara- 
tus. Many  of  these  scientists  now  seem  willing  to  forget  the 
moral  responsibUity  which  they  assumed  at  that  time,  a 
responsibiUty  which  if  fulfilled  would  guarantee  the  future  of 
the  industry.  We  highly  commend  the  many  consumers  of 
scientific  and  chemical  apparatus  and  chemicals  who  have 
actually  made  sacrifices  in  order  to  do  their  bit  in  support  of 
American-made  goods.  If  this  support  is  to  continue,  cer- 
tain manufacturers  must  do  their  part  by  careful  adherence 
to  specifications.  We  do  regret  that  so  large  a  number  of 
educational  institutions  (which  buy  about  70  per  cent  of 
the  apparatus  used  and  are  alone  able  to  purchase  standard 
items  in  quantity)  are  tempted  to  place  abroad  the  quantity 
orders  which  would  enable  any  American  manufacturer  to 
reduce  his  costs.  Quality  is  no  longer  debated,  for  America 
has  made  good.  It  is  merely  a  matter  of  price,  in  which 
American  costs,  always  higher  than  European  costs,  are  still 
further  boosted  by  the  exchange  situation. 

In  commercial  graveyards  one  often  finds  an  epitaph  re- 
lating how  the  deceased  died  because  he  had  a  single  source 
of  supply  which  failed,  or  one  single  customer  whom  he  lost. 
The  present  purchasing  pohcy  of  some  institutions  seems 
certain  to  leave  our  laboratories  in  the  hands  of  a  European 
monopoly,  and  when  Europe  ceases  to  work  for  nothing  and 
board  herself,  as  she  must  very  soon,  we  shall  have  the 
pleasure  of  paying  through  increased  prices  for  all  her  eco- 
nomic blunders,  unless  we  have  a  competing  industry.  Our 
industry  is  still  very  much  alive  and  fighting  hard  to  stay. 
There  is  ample  American  competition.  We  have  seen  so 
many  instances  in  which  low  prices  were  used  temporarily  to 
crush  competition  and  the  losses  were  later  retrieved  quickly 
by  advanced  prices,  that  the  truth  requires  no  emphasis. 
To-day  importation  is  at  an  uncertain  price,  quality  in  many 
cases  is  below  pre-war,  and  adjustments  for  breakage  and 
errors  are  unsatisfactory. 

We  will  admit  that  there  is  justification  for  the  imjiorta- 
tion  of  some  specialties,  but  we  urge  that  these  be  purchased 
through  rei)utable  established  dealers — the  dealers  who 
to-day  are  importing  some  things  only  because  their  eu.';- 
tomers   demand   them,   dealers   who   urge  American-made 


A  Victory 

On  February  14,  the  Senate,  without  discussion 
or  dissent,  passes  the  Lambert  Patent  Bill  in  the 
form  previously  approved  by  the  House.  The 
American  Chemical  Society  deserves  a  large  mea- 
sure of  credit  for  this  action,  which  will  make  pos- 
sible such  a  reorganization  of  the  Patent  Office  as 
all  industry  must  have.  The  cooperation  of  the 
Society,  led  by  its  patent  committee  and  its  un- 
tiring chairman,  E.  J.  Prindle,  has  been  most 
effective. 

Let  Congress  now  take  prompt  and  favorable 
action  on  tariff  so  that  industry  may  get  under 
way,  and  on  reclassification  of  Federal  scientific 
employees,  in  the  interest  of  public  welfare. 


materials  but  who  are  being  required  to  import  for  self- 
preservation.  Is  your  dealer  responsible?  Do  you  inves- 
tigate your  source  of  supply?  Cases  have  come  to  our  notice 
where  the  importer,  unfamiliar  with  the  requirements  of  the 
trade,  has  guessed  at  prices,  later  found  himself  unable  to 
deliver  at  the  quotation  made,  and  has  then  simply  quit, 
leaving  the  laboratory  six  to  nine  months  behind  its  own 
schedule.    Some  of  these  importers  live  in  the  catalog  of 

others  and  content  themselves 
with  blanket  quotations  five 
per  cent  below  any  bid,  or 
send  out  sheets  based  upon 
the  convenient  catalog  of  an 
American  dealer.  They  carry 
no  stock,  give  no  service, 
and  often  supply  worthless 
material. 

American  colleges  depend 
for  support  upon  American 
industries.  If  the  poUcy  of 
importation  of  apparatus  were 
followed  to  a  logical  conclu- 
sion few  domestic  industries 
could  grow  to  philanthropic 
proportions.  We  often  won- 
der how  a  college  trustee  or 
university  regent  can  clamor 
for  a  protective  tariff  for  his 
business  interests  and  yet 
sanction  wholesale  importation  of  suppUes  for  the  school 
he  helps  govern.  We  urge  the  abandonment  of  any  pur- 
chasing pohcy  which  seems  so  certain  to  kill  our  apparatus 
and  chemical  industry,  founded  at  such  cost,  and  which  is 
equally  certain  to  weaken  our  established  dealers.  There 
are  those  ready  to  spend  large  sums  to  improve  their 
product.  Competition  is  sufficiently  keen  to  assure  fair 
deaUng,  reasonable  prices,  and  real  service.  Why,  are  so 
many  willing  to  give  up  the  well-tried  principle  of  the  square 
deal? 


Our  Personal  Loss 

We  first  had  the  privilege  of  making  the  acquaintance  of 
Dr.  Charles  Baskerville  at  the  Annual  Meeting  of  the  Society 
in  Boston  in  1909,  where  his  ability  to  work  when  there  was 
work  to  be  done  and  play  when  the  time  came  for  recreation 
made  a  strong  appeal.  From  time  to  time  afterward  we  had 
occasion  to  discuss  many  problems  with  him,  some  of  which 
were  of  personal  interest  and  many  related  to  the  activities 
of  the  Society.  We  soon  came  to  know  that  he  could  be  de- 
pended upon  to  work  enthusiastically  for  what  he  believed 
was  right,  and  that  he  was  pretty  generally  on  the  right  side 
of  things.  We  came  to  know  of  his  unusual  devotion  to  the 
interests  of  the  American  Chemical  Society,  and  to  know  that 
he  devoted  many  hours  of  tedious  labor  to  the  interests  of 
the  Society  for  which  no  proper  acknowledgmont  was  ever 
made.  Only  last  autumn  he  devoted  himself  to  the  inter- 
national phase  of  the  New  York  Meeting.  Previously  he 
discharged  the  duties  of  Chairman  of  our  Committees  on 
Occupational  Diseases  and  on  Business  Management  with 
great  credit  to  himself  and  great  profit  to  the  Society.  He 
never  seemed  too  busy  to  take  up  any  task  which  he  believed 
to  be  for  the  good  of  chemists,  chemistry,  and  the  American 
Chcmic.ll  Society,  and  it  was  a  comfortable  feeling  to  know 
that  we  coukl  go  to  him,  discuss  our  problems  fully,  and 
receive  a  perfectly  fi'ank  reply  to  our  questions.  Dr.  Bas- 
kervill(>  was  one  of  those  whom  one  comes  to  love  as  a  result 
of  mui'h  work  in  common.  Without  him  the  going  will  be 
made  a  little  more  difficult. 
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Authoritative  Information 

Many  difficulties  arise  from  the  use  of  incorrect  informa- 
tion, and  serious  false  impressions  are  sometimes  created. 
To  aid  in  suppljang  authoritative  information,  the  A.  C.  S. 
News  Service  was  established  and  has  done  much  toward 
giving  the  public  a  better  conception  of  what  chemistry  really 
is.  The  News  Ser\-ice  strives  to  supply  authentic  stories 
of  chemical  achievements  that  are  newsy  and  thus  to  crowd 
out  the  sensational  accounts  usually  wTitten  by  those  who 
know  nothmg  of  the  real  facts. 

The  daily  press,  however,  is  not  the  only  offender,  and  it  is 
even  more  important  that  books  be  wTitten  by  those  who  are 
authorities  upon  the  subjects  treated.  There  are  enough 
good  books  to  read  wdthout  taking  time  for  the  uncertain 
ones,  but  popular  subjects  are  frequently  seized  upon  by 
those  who  appreciate  a  business  opportunity  but  lack  the 
requisite  fu-st-hand  knowledge.  Just  now  vitamins  are 
everywhere  before  us,  and  we  would  call  attention  to  the 
review  in  this  issue  of  Professor  Sherman's  monograph  on  the 
subject.  It  is  an  authoritative  work,  where  the  wi'iter  not 
only  is  entirely  able  to  stand  upon  his  own  reputation,  but 
has  the  distinct  advantage  of  having  been  chosen  by  our 
Committee  on  Scientific  Monographs  for  this  contribution 
to  American  scientific  literature. 

It  is  not  difficult  to  learn  whether  or  not  a  given  ^\Titer  is 
a  leader  in  his  specialty,  and  the  fact  that  chemistry  is  becom- 
ing of  wider  interest  makes  it  more  necessary  for  those  who 
are  informed  to  aid  m  guiding  readers  generally  in  their  selec- 
tion of  reference  books.  It  becomes  our  duty  not  only  to  use 
authoritative  sources  of  information  ourselves,  but  to  recom- 
mend them  to  others. 


The  Earning  Power  of  Research 

A  few  years  ago  the  X-ray  tube  was  an  erratic  apjjaratus 
not  in  any  very  general  use.  The  research  laboratory  of 
the  General  Electric  Company  realized  that  there  was  a 
possibility  of  utihzing  pure  electronic  emission  from  a  hot 
filament  to  produce  controllable  X-rays  in  a  perfect  vacuum. 
They  conducted  extensive  research  upon  such  devices  as 
then  e>dsted,  and  as  a  result  the  tungsten  target  took  the 
place  of  platinum  in  the  standard  gas  tube  of  that  day. 
Research  had  also  to  be  apphed  before  the  laboratory  learned 
positively  that  available  electrons  already  existed  and  that 
there  was  a  possibility  of  controlling  them,  as,  for  example, 
focusing  them  on  a  target.  The  research  has  been  continued, 
until  to-day  practically  all  the  X-ray  tubes  of  the  country 
are  made  by  the  company  in  accordance  with  the  discoveries 
of  the  man  whose  name  the  tubes  bear.  The  Coolidge 
tube  is  also  used  abroad  almost  to  the  exclusion  of  other 
types.  These  remarkable  results  have  been  achieved  through 
very  careful,  accurate,  and  often  discouraging  studies  of 
electric  phenomena  m  high  vacua,  with  very  pure  materials. 
The  perfection  of  the  tube  is  the  nucleus  of  an  annual  busi- 
ness, including  accessories  and  generating  apparatus  used 
in  X-ray  work,  of  from  five  to  ten  million  dollars  a  year. 
The  benefit  cannot  be  measured  whoDy  in  monetary  return, 
for  everyone  is  famihar  with  the  humanitarian  benefits. 


better  fermentation  and  better  bread.  It  was  discovered 
that  the  baker  can  grow  yeast  in  the  dough  and  control 
fermentation  wastes.  This  conservation  amounts  to  2  per 
cent  of  the  flour,  15  per  cent  of  the  sugar,  and  sufficient 
yeast  to  make  the  total  saving  45  cents  net  per  barrel  of 
flour  used.  It  is  estimated  that  this  process  saves  American, 
Canadian,  and  British  bakers  not  less  than  $40,000  per  day, 
without  detriment  to  the  quaUty  of  the  bread. 

In  1915  a  control  laboratory  was  installed  with  one  chemist. 
To-day  there  are  a  variety  of  control  laboratories  with 
twenty-five  technical  workers.  A  chemist  has  frequently 
saved  two  months'  salary  for  his  employer  with  a  report  on 
samples  from  a  single  carload  of  butter.  The  control  which 
has  been  estabhshed  as  a  result  of  research  upon  the  raw 
materials  makes  possible  uniformity  iu  the  finished  product. 
Time,  temperature,  and  other  factors  which  influence  fer- 
mentation have  been  estabhshed,  and  since  no  two  carloads 
of  flour  are  ahke  the  data  are  vital  in  determining  how 
fermentation  must  be  varied  to  secure  uniformity.  The 
study  of  enzymes,  proteins,  colloids,  yeasts,  bacteria,  and 
nutrient  value  is  pointing  the  way  to  stiU  better  bread, 
higher  nutritive  values,  economy  in  production,  and  the 
elevation  of  the  entire  industry.  It  is  no  wonder  that  during 
these  days  of  industrial  depression  this  pioneer  in  research 
as  apphed  to  baking  has  increased  the  number  of  its 
scientific  workers.    Results  continue  to  justify  the  increase. 


Our  oldest  industries  have  been  the  most  reluctant  in 
establishing  research  laboratories.  But  the  experience  of  a 
leader  may  guide  the  entire  industry.  Some  years  ago  the 
Ward  Baking  Company  established  a  fellowship  at  the  Mellon 
Institute.  The  research  soon  brought  results  and  the  appU- 
cation  of  a  more  balanced  yeast  nutrient  to  the  dough  gave 


A  Request  to  Authors 

We  are  indeed  anxious  to  make  the  JotJRNAL  stiU  more 
useful  to  busy  men,  and  to  pack  into  its  pages  a  maximum  of 
information.    We  bespeak  the  cooperation  of  authors. 

Hereafter  we  plan  to  print  a  sjmopsis  of  the  longer  articles, 
preceding  the  discussion.  We  want  our  summaries  really  to 
sunmiarize  the  articles,  to  save  the  time  of  the  busy  reader, 
so  that  he  need  not  read  them  in  their  entnety  unless  he 
is  truly  interested.  At  the  same  time  he  can  easUy  obtain 
a  general  idea  of  the  work  going  on  in  fields  not  his  own. 
We  feel  that  these  synopses  should  be  prepared  by  the 
authors  themselves.  Please  make  them  a  part  of  the  manu- 
script you  send  in. 

Our  office  has  always  tried  to  have  hterature  references 
complete.  This  often  imposes  an  umeasonable  burden  upon 
our  manuscript  editor,  of  work  which  in  aU  fairness  belongs 
to  the  author.  Most  of  our  authors  are  careful  about  this 
important  detail.     Be  sure  never  to  overlook  it  yourself. 

Our  readers  are  also  interested  in  knowing  the  official  con- 
nections of  the  authors  of  articles.  Unless  there  is  some 
strong  reason  why  yours  cannot  be  given,  include  it  on  the 
manuscript. 

Another  small  matter  is  our  desire  for  double-spaced 
typewritten  manuscripts,  not  carbon  copies.  By  the  time 
single-spaced  or  carbon  copies  reach  the  printer  they  may 
be  almost  illegible.  We  also  wish  more  and  better  illustra- 
tions. Read  the  instructions  which  we  printed  at  the  be- 
ginning of  "Original  Papers"  last  year. 

In  order  that  pubhcation  may  be  given  to  as  large  a  number 
of  papers  as  possible,  we  venture  to  suggest  that  authors 
practice  condensation  wherever  it  is  possible  without  weaken- 
ing the  article.  It  seems  to  us,  for  instance,  that  wiien  most 
papers  on  methods  of  analysis  have  given  enough  detail  to 
permit  another  to  duplicate  the  w'ork,  have  noted  apphca- 
tions,  and  given  conclusions,  they  have  fulfilled  theu:  mission. 
We  wish  to  give  important  articles  ample  space,  and  we  also 
wish  to  have  space  avaDable  to  allow  a  very  broad  field  to  be 
covered.    We  feel  certain  of  your  cooperation. 


Mar.,  1922 
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Hydrogen  Peroxide:  Its  Manufacture  and  Preservation' 


By  Paul  Poetschke- 

The  L.  D.  Caulk  Co.,  Milford,  Delaware 


A  delailed  account  is  given  of  the  Oarious  stages  in  the  manu- 
facture of  hydrogen  peroxide  from  barium  peroxide. 

The  most  difficult  problem  confronting  the  manufacturer  is 
to  secure  a  product  of  reasonable  stability,  so  that  it  will  retain 
its  effectiveness  until  used  by  the  consumer.  Experiments  in 
which  peroxide  was  stored  in  the  dark,  and  in  varicolored  light 
showed  that  the  solutions  keep  infinitely  better  in  the  dark:  orange 
and  red  light  afford  some  protection:  blue  light  causes  the  greatest 
deterioration. 

Manufacturers  have  not  given  sufficient  attention  to  the  selection 
of  glass  bottles  of  suitable  quality  for  bottling  hydrogen  peroxide. 
Carefully  conducted  experiments  confirm  the  fact  that  traces  of 
<ilkali  dissolved  from  the  bottle  cause  rapid  deterioration  of  the 
peroxide.  The  interesting  fact  is  that  the  quality  of  the  glass 
has  a  remarkable  influence,  some  bottles  causing  rapid  deterioration 
while  others  show  but  little  effect. 

Preservatives  such  as  acetanilide  retard  decomposition  but  are 
not  uniformly  effective.  Other  factors,  such  as  the  character  of 
the  glass,  exposure  to  light,  acidity,  and  traces  of  organic  matter 
■often  overbalance  the  restraining  effect  of  the  preservatives.  Qui- 
nine sulfate  has  many  advantages  over  acetanilide,  particularly 
in  that  only  one-tenth  as  much  is  required,  and  no  foreign  odor 
or  discoloration  results.  A  mixture  of  benzoic  and  salicylic  acids 
is  also  effective. 

Storage  in  glass  bottles  of  suitable  quality  and  exclusion  of  light 
are  far  more  effective  in  restraining  decomposition  than  are  any 
.of  the  preservatives  studied. 

HYDROGEN  peroxide  was  discovered  in  1818  by 
P.  Thenard,  who  produced  it  by  the  action  of  dOute 
acids  upon  barium  peroxide  in  the  presence  of  water. 
With  certain  modifications,  adapted  to  production  on  a  com- 
mercial scale,  this  process  is  commonly  employed  at  the 
present  time  for  making  medicinal  and  technical  hydrogen 
peroxide. 

The  methods  of  preparation  of  medicinal  and  technical 
hydrogen  peroxide  are  similar,  except  that  phosphoric  and 
sulfuric  acids  are  used  for  the  former,  and  hydrochloric  acid 
is  used  in  place  of  phosphoric  acid  for  the  technical  grades. 
A  further  distinction  is  that  materials  of  greater  purity  and 
much  greater  care  and  refinement  in  processes  are  necessary 
in  preparingthe  medicinal  product.  A  knowledge  of  the  pro- 
cess used  for  making  the  medicinal  article,  because  it  re- 
quires greater  care  and  skill,  will  enable  one  readily  to  adapt 
the  process  to  the  manufacture  of  the  technical  product. 
As  actually  carried  out  in  practice  the  manufacture  of 
hydrogen  peroxide  is  perhaps  as  troublesome  as  many  other 
industrial  processes  which  appear  simple  enough  when  carried 
out  on  a  laboratory  scale.  If  we  had  a  stable  substance 
to  deal  with  there  would  be  Uttle  occasion  for  presenting  this 
paper,  but  the  fact  is  that  hydrogen  i)eroxide  has  the  peculiar 
property  of  decomposing  ujjon  the  slightest  provocation 
during  manufacture  and  after  it  is  bottled. 

Chemicals  Required 

The  chemicals  required  for  the  manufacture  of  medicinal 
hydrogen  peroxide  arc:  barium  peroxide  containing  approxi- 
mately 90  per  cent  BaOj  and  as  little  chloride  as  possible, 

'  Presented  before  the  Division  of  Chemistry  of  Medicinal  Products 
at  (he  62iid  MeetinK  of  the  American  Chemicul  Society,  New  York,  N.  Y., 
-September  0  to   10,   1921. 

'  Director,  Department  of  Chemistry. 


phosphoric  acid  85  per  cent,  U.  S.  P.,  a  good  grade  of  con- 
centrated sulfuric  acid,  pure  barium  hydroxide,  and  dis- 
tilled water. 

Equipment  Requihed 

A  considerable  amount  of  equipment  is  required  for  a 
hydrogen  peroxide  plant  and  the  type  used  depends  largely 
ujton  the  volume  produced  and  the  amount  of  money  avail- 
able for  the  purpose.  The  plants  that  have  been  in  existence 
for  many  years  often  continue  to  use  old-fashioned  equip- 
ment merely  because  it  is  producing  and  replacement  for 
more  up-to-date  appliances  involves  expense.  The  follow- 
ing general  statement  of  the  principal  equipment  required 
is  all  that  is  necessary: 

1 — A  bin,  hopper,  and  chute  for  holding  and  discharging  the  barium 
peroxide,  all  of  which  may  be  constructed  of  wood. 

2 — Mixers  for  washing  and  hydrating  barium  peroxide,  consisting  merely 
of  iron  tanks  provided  with  heavy  mixing  blades. 

3 — A  chute  leading  from  the  mixers  to  a  small  mixing  tank. 

4 — A  small  mixing  tank  to  keep  the  hydrated  barium  peroxide  stirred 
befote  addinp:  it  to  the  reaction  tank. 

5 — A  reaction  tank  constructed  of  wood,  having  a  wood  mixing  paddle 
or  stirrer  and  lead  cooling  coils  arranged  around  the  sides  of  the  tank.  The 
coils  are  arranged  so  that  cold  water  may  circulate  through  as  many  coils 
as  may  be  desired. 

6 — A  lead-lined  tank  for  dilute  sulfuric  acid. 

7 — A  stoneware  tank  for  phosphoric  acid. 

8 — Large  filter  press  for  filtering  out  the  barium  sulfate  by-product. 

9 — A  tank  for  treatment  of  the  filtered  reaction  product  with  barium 
hydroxide  and  a  small  stoneware  tank  for  dissolving  barium  hydroxide. 

10 — Small  filter  press  for  filtering  out  precipitated  hydrates  and  phos- 
phates. 

11 — A  lead-lined  tank  for  precipitation  of  dissolved  barium  salts  with 
sulfuric  acid. 

12 — Block  tin  tank  for  washings  from  large  and  small  filter  press. 

13 — Receiving  and  storage  tanks. 

14 — Bottling  and  packing  plant. 

In  addition  to  the  above  equipment,  of  which  there  may 
be  one  or  more  units,  the  plant  may  have  tanks  for  treating 
the  by-product  for  recovery  of  phosphoric  acid  and  a  dryer 
for  drying  the  barium  sulfate.  As  a  rule  the  by-product 
barium  sulfate  containing  barium  phosphate  is  washed  and 
the  wet  material  packed  directly  into  barrels  and  sold  to 
dealers  in  mineral  pigments.  For  this  purpose  it  should  be 
washed  free  from  acid.  There  are  probably  some  plants 
where  this  valuable  pigment  is  stUl  discharged  into  the 
sewer.  The  possibilities  of  recovering  phosphoric  acid  and 
producing  a  fine  wet  or  dry  barium  sulfate  would  certainly 
warrant  attention. 

Process 

WASHING  OF  BaOj — The  material  should  be  tested  for 
available  oxygen.  It  usually  contains  90  iier  cent  of  BaOj 
when  fresh.  The  ])ow(l(>r  is  sifted  through  a  30-iiiesh  siex'e 
and  3000  11  )s.  are  fed  into  720  gal.  of  clear  filtered  water, 
which  is  stirred  while  the  powder  is  being  addeil  and  for  10 
min.  longer.  The  stirrer  is  then  stopped  and  the  heavy 
powder  allowed  to  settle  for  5  min.,  the  supernatant  liquid 
being  siphoned  off.  The  washing  is  repeated  from  three  to 
five  times,  the  last  washing  being  made  with  distilled  water. 
A  mark  is  made  on  the  mixer  and  water  added  to  this  mark 
each  time  after  siphoning  off.  Finally  the  tank  is  tilled  up 
to  this  mark  witii  distilled  water. 

HYDKATioN  OF  RaOa — The  barium  peroxide  is  jiartly  hy- 
drated during  the  washing.     In  order  to  complete  the  hy- 
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dration  to  Ba02.8H20  and  BaO2.10H2O  the  mixer  is  allowed 
to  run  slowly  for  18  to  24  hrs.,  depending  upon  the  tem- 
perature. The  hydration  requires  from  307  to  383  gal.  of 
water,  the  excess  of  water  being  sufficient  to  reduce  the  mix- 
ture to  a  heavy  creamy  fluid.  It  is  very  miportant  to  hydrate 
the  barium  peroxide  thoroughly  so  as  to  reduce  all  hard  lumps. 
Gritty  particles  of  unhydrated  Ba02  must  be  avoided  because 
they  cause  decomposition  to  take  place  during  the  saturation 
process. 

SATUKATioN — The  washings  from  a  previous  batch, 
amounting  to  300  or  400  gal.  and  containing  from  one  to  two 
volumes  of  oxygen,  are  run  into  the  reaction  tank,  and  160 
lbs.  of  pure  phosphoric  acid  (85  per  cent)  are  added.  The 
stirrer  is  started  and  cold  water  allowed  to  circulate  through 
the  coohng  coUs  (from  one  to  three  coils  depending  upon  the 
temperature  of  the  water).  The  stirrer  is  aUowed  to  run 
continuously  during  the  saturation;  otherwise  losses  will 
take  place.  The  Ba02 .  a:H20  cream  is  then  run  into  the  mixing 
tank  through  the  chute  and  the  mixing  tank  kept  filled  and 
contents  continuously  stirred.  About  three-eighths  of  the 
quantity  required  to  neutraUze  the  phosphoric  acid  is  now 
run  in  a  stream  into  the  diluted  phosphoric  acid  and  the 
reaction  allowed  to  proceed  for  10  min.  Another  charge 
of  like  amount  is  then  added  with  another  interval  of  10 
min.  for  the  reaction  to  take  place.  A  sample  of  the  mixture 
is  then  tested  for  any  gritty  particles  of  barium  peroxide;  if 
they  are  present,  a  further  quantity  of  Ba02  ZH2O  must  not 
be  added  until  they  are  reduced,  after  which  the  hquid  is  tested 
for  acidity  and  if  strongly  acid  small  amounts  of  BaO^ .  .tHoO 
are  added  at  a  time  until  the  acidity  is  mUd.  At  this  stage  of 
the  process  substantially  three-fourths  of  the  phosphoric  acid 
mU  be  neutralized. 

An  interval  of  10  min.  is  now  aUowed  to  complete  the  re- 
action and  28°  B^.  sulfuric  acid  added,  which  should  be 
cooled  to  room  temperature.  Sufficient  sulfuric  acid  is 
added  to  regenerate  85  per  cent  of  the  phosphoric  acid. 

A  further  quantity  of  Ba02 .  xHaO  is  again  added,  followed 
by  sulfuric  acid,  and  the  operation  is  continued  as  outlined 
for  the  first  stage,  with  all  the  precautions  pre^^ously  men- 
tioned. The  phosphoric  acid  is  used  repeatedly  to  decompose 
the  BaO;.a;H20,  whereas  the  sulfuric  acid  is  used  to  regen- 
erate the  phosphoric  acid. 

During  the  saturation  the  temperature  is  maintained  at 
from  90°  to  110°  F.  by  running  water  through  the  cooling 
coOs.  The  batch  is  not  allowed  to  cool  below  90°  F.  be- 
cause the  reaction  is  too  sluggish,  or  to  heat  above  110° 
F.  because  excessive  loss  of  hydrogen  peroxide  will  then  take 
place. 

A  quantity  of  about  75  lbs.  of  Ba02  •  J'H20  is  reserved  for 
finishing  the  reaction,  the  rest  being  added  in  stages  as  out- 
lined. When  all  but  75  lbs.  of  Ba02.xH20  have  been  added 
the  mixture  in  the  reaction  tank  will  be  slightly  acid  and 
it  must  be  free  from  any  gritty  particles  because  if  the  latter 
are  present  the  entire  batch  may  decompose  in  a  few  minutes 
during  the  finishing  of  the  saturation.  The  batch  should 
now  test  about  18  volumes  of  oxygen.  The  75  lbs.  of  BaOj.- 
a-H20  are  sufficient  to  convert  all  of  the  acid  barium  phos- 
phates, BaH4(P04)2  and  BaHP04,  into  the  tribarium  phos- 
phate, Ba3(P04)2,  which  is  insoluble  in  water. 

About  5  gal.  of  distilled  water  are  added  to  the  75  lbs. 
of  Ba02.a;H20  so  as  to  render  it  more  fluid,  and  the  mixture 
in  the  reaction  tank  is  cooled  to  95°  to  100  °  F.  The  di- 
luted Ba02.a;H20  is  fed  slowly  into  the  mixture  through  a 
30-mesh  sieve,  made  of  brass  or  bronze  wire  cloth,  untU 
the  reaction  is  neutral.  This  part  of  the  process  must  be 
most  carefully  conducted  because  if  the  reaction  is  allowed 
to  become  alkaline  even  for  a  few  minutes,  considerable 
loss  in  hydrogen  peroxide  will  result.  If  the  reaction  should 
go  over  to  the  alkaline  side  a  small  amount  of  sulfuric  acid 


must  be  promptly  added.  The  end  reaction  must  be  neutral 
or  very  faintly  acid.  If  too  acid  the  mixture  will  be  difficult 
to  filter. 

FILTRATION — As  soon  as  the  reaction  has  been  properly 
adjusted  the  mixture  is  run  through  the  filter  press  and  col- 
lected in  the  tank.  The  filter  press  must  be  in  perfect  work- 
ing order  in  advance  of  sending  the  mixi;ure  through  be- 
cause there  must  be  no  delay  at  this  stage. 

If  the  process  has  been  carefully  conducted  about  750- 
gal.  of  filtrate  wiU  be  obtained,  testing  around  18  volumes 
of  oxygen.  The  reaction  tank  and  press  are  then  washed 
with  300  gal.  of  distilled  water,  this  first  washing  being 
collected  in  the  same  tank  (9).  This  wUl  yield  about  1000  gal. 
and  reduce  the  strength  to  about  16  volumes  of  oxygen. 

NEUTRALIZATION — Barium  hydrate  is  dissolved  in  dis- 
tilled water  in  a  small  stoneware  tank  by  injecting  steam 
into  it,  yielding  a  saturated  hot  solution.  This  solution 
(while  hot)  is  added  to  the  hydrogen  peroxide  solution  jn 
tank  (9)  until  the  reaction  is  alkaline,  so  that  litmus  paper  is 
turned  a  purple-violet  when  dipped  into  the  solution.  The 
precipitate  of  tribarium  phosphate,  iron  hydroxide,  and  other 
impurities  is  filtered  off  through  the  small  filter  press  (10)  into 
tank  (11),  the  filtrate  being  perfectly  clear  and  bright. 

ACIDIFICATION — The  stirrer  is  started  in  tank  (11)  and  28° 
Be.  sulfuric  acid  added  in  small  amounts  at  a  time  which  will 
precipitate  aU  of  the  soluble  barium  salts  as  sulfate.  From 
time  to  time  a  sample  of  the  fluid  is  tested  by  filtering, 
adding  sulfuric  acid  to  the  filtrate,  and  boUing.  Addition 
of  sulfuric  acid  is  continued  until  the  barium  salts  have  been 
comisletely  precipitated  and  only  a  shght  excess  of  sulfuric 
acid  remains. 

SETTLING — The  precipitated  barium  sulfate  is  allowed 
to  settle  over  night  and  the  clear  hydrogen  peroxide  solution 
siphoned  off  through  a  block  tin  siphon  into  a  receiving  tank. 
After  setthng  in  the  tank  for  a  day  it  is  drawn  off  into  a  clean 
storage  tank  and  is  then  ready  for  preservation,  standardiza- 
tion, and  bottling  if  absolutely  clear  and  bright. 

WASHINGS — The  large  and  small  filter  presses  are  washed 
with  from  300  to  400  gal.  of  distilled  water  immediately 
after  being  used  for  filtering  the  hydrogen  peroxide  solution, 
and  the  washings  are  run  into  the  tank  (12). 

PRESERVATION — Acctanilide  is  the  most  commonly  used 
preservative  for  hydrogen  peroxide.  The  U.  S.  Pharmaco- 
peia limits  the  amount  added  to  not  more  than  0.04  g.  per 
100  cc,  corresponding  to  the  customary  three-sixteenths  of  a 
grain  per  fluid  ounce,  which  is  the  amount  usually  declared  on 
the  label  as  required  by  the  U.  S.  Pure  Food  and  Drug  Law. 
As  a  rule  from  one-eighth  to  thi'ee-sixteenths  of  a  grain  is 
used  for  each  fluid  ounce  and  the  desired  amount  is  added 
to  the  solution  after  precipitating  the  barium  salts  or  to 
the  solution  in  the  storage  tank. 

Preservatives  are  not  used  in  aU  cases  and  in  some  in- 
stances unusual  preservatives,  the  presence  of  which  need 
not  be  declared  on  the  label,  such  as  caffein  and  quinine, 
are  used.  An  analysis  of  one  product  revealed  the  presence 
of  a  mixture  of  benzoic  acid,  salicylic  acid,  and  acetanilide. 
STANDARDIZATION — It  is  necessary  to  standardize  the  so- 
lution of  medicinal  hydrogen  peroxide  so  that  it  will  corre- 
spond to  the  requirements  of  the  U.  S.  Pharmacopeia.  As 
a  rule,  there  is  no  difficulty  in  meeting  the  requirements, 
the  acidity,  strength,  and  nonvolatile  matter  requiring  the 
most  careful  attention.  AU  tests  are  made  in  accordance 
with  the  U.  S.  Pharmacopeia  methods. 

If  the  hydrogen  peroxide  is  sold  under  the  designation 
"U.  S.  P."  it  is  necessary  to  standardize  the  solution  so  as 
to  comply  with  the  requu-ements.  Distilled  water  is  added 
to  adjust  the  strength  to  somewhat  above  3  per  cent  H2O2 
by  weight  or  10  volumes  of  oxygen,  and  the  liquid  is 
examined  in  accordance  with  the  U.  S.  P.  tests. 
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SPECIAL     STRENGTH     HYDROGEN     PEROXIDE — Stronger     SO- 

lutious  of  hydrogen  peroxide  are  sometimes  sold  containing 
15  volumes  or  30  volumes  of  available  oxygen.  The  former 
can  be  obtained  directly  by  the  aforementioned  process  by 
avoiding  dilution.  To  make  the  30- volume  product,  the 
process  is  "doubled  up,"  so  to  speak,  by  using  18-volume 
hydrogen  peroxide  instead  of  washings  in  the  reaction  tank 
and  diverting  the  filter  press  washings,  using  only  the  con- 
centrated filtrate  as  it  leaves  the  filter  press. 

BOTTLING — The  important  point  in  connection  with  bot- 
thng  is  to  use  a  sound  cork  of  the  best  quality  and  to  select 
a  good  grade  of  glass  bottle.  Packing  in  cartons  is  advisable. 
The  corks  should  be  wired. 

Effect  of  Light  on  Deterior.\tion  of 
Hydrogen  Peroxide 

storage  in  dark — Hydrogen  peroxide  solutions  deterio- 
rate much  more  rapidly  when  exposed  to  the  action  of  light. 
The  extent  to  which  light  influences  decomposition  is  clearly 
indicated  by  the  results  shown  in  Table  I. 

Table  I 


Sample 

Original  Volume 

Per  cent  Loss  in  Volume 
in  7  Wks. 
Dark                   White  Liglit 

1 
2 

15.07 
16.42 

19.0                          83.6 
5.4                          84.1 

In  these  experiments,  glass  bottles  of  the  same  kind  were 
used  and  the  conditions  of  exposure  were  identical  except 
as  to  exclusion  of  hght. 

storage  IN  varicolored  light — The  following  experi- 
ments were  conducted  to  determine  the  effect  of  orange, 
red,  white,  and  blue  light.  Incidentally,  the  influence  of 
glass  bottles  of  different  composition  of  glass  and  the  effect 
of  filtration  through  paper  as  compared  with  settling  was 
determined.  All  of  the  test  bottles  were  stored  in  a  specially 
constructed  closet,  provided  with  compartments  each  having 
windows  of  orange,  red,  plain,  and  blue  glass.  The  results 
are  given  in  Table  II. 

TablB  II 


F 
S 

=  Filtered,    orie:Inal    volume    16.08 
=  Siphoned,  original  volume   16.28 

Time  of  Exposure,  Days 
Method  of  Clarification  F 

14 
S 

36 
F           S 

56 
F         S 

67 
F         S 

Bottle  A : 
Color  of 
light 

Orange 
Red 
White 
Blue 

12.94 
12.51 
12.04 
11.09 

14.63 
14.04 
13.99 
12.79 

6.03     9.09 
5.93     6.92 
5.93     7.58 
5.16     6.48 

3.35 
3.93 
3.99 
3.03 

6.86 
4.08 
5.40 
4.41 

2.06     5.77 
2.75     2.85 
2.71     4.22 
2.10     3.46 

Bottle  B: 
Color  of 
light 

Orange 
Red 

White 
Blue 

14.63 
14.61 
12.85 
12.38 

15.26 
15.30 

14.66 
14.71 

10.89  14.63 

10.15  13.71 

7.48  10.61 

7.00  10.02 

6.08 
5.36 
3.18 
1.84 

12.88 
11.67 
7.36 
7.08 

3.17  11.38 
2.71   11.41 
1.44     5.17 
1.15     4.97 

Bottle  C: 
Color    of 
light 

Orange 
Red 
White 
Blue 

14.95 
14.71 
14.97 
14.83 

15.24 
15.20 
15.30 
16.18 

13.05  14.54 
13.02  14.57 
14.00  14.50 
13.81   14.27 

12.52 
11.34 
12.48 
12.60 

13.87 
13.79 
13.51 
13.40 

11.55  13.27 
10.10  13.23 
11.65  12.95 
11.76  12.73 

The  results  in  Table  II  show  very  conclusively  that  hy- 
drogen peroxide  filtered  through  paper  deteriorates  very  much 
more  rapidly  than  hydrogen  peroxide  which  has  been  clari- 
fied by  settling.  The  hydrogen  peroxide  lost  only  0.20 
volume  upon  filtration,  showing  that  the  deterioration  is 
due  to  dissolved  organic  matter  from  the  paper  acting  as 
a  catalyst.  This  proves  definitely  that  hydrogen  peroxide 
should  not  be  clarified  by  filtration  after  it  is  "sulfated," 
but  should  be  allowed  to  clarify  by  settling.  Experience 
has  shown  that  a  worn  filter  cloth  used  to  filter  hydrogen 
peroxide  through  a  filter  prcs.s  will  often  introduce  enough 
organic  matter  to  result  in  a  seemingly  inexplicable  tendency 
of  the  hydrogen  peroxide  to  decom])ose. 

If  the  results  in  varicolored  light  are  examined  collectively, 
it  will  be  noted  that  orange  light  affords  the  best  protection 
and  red  next.  Blue  light  causes  a  more  rapid  deterioration 
than  white  light.  There  are  a  few  results  that  are  apparently 
contradictory,  but  the  general  results  plainly  show  the 
above  relationship. 


The  composition  of  the  glass  bottle  evidently  has  a  pro- 
nounced effect  on  deterioration  of  hydrogen  peroxide.  A 
remarkable  difference  was  obtained  with  the  three  kinds  of 
glass  bottles  tested.  The  A  bottle  causes  the  greatest 
deterioration,  B  bottle  next,  and  the  C  bottle  has  but  little 
influence.  In  fact,  the  hydrogen  peroxide  in  C  bottle  stood 
up  so  well  that  it  might  be  stated  definitely  that  the  glass 
bottle  has  more  effect  on  the  deterioration  of  hydrogen 
peroxide  than  light  or  conditions  of  clarification. 

Effect  of  Glass  Bottles  on  Deterioration  of 
Hydrogen  Peroxide 

It  is  well  known  that  alkalies,  even  the  traces  dissolved 
from  the  glass  of  the  bottle,  favor  deterioration.  However, 
manufacturers  have  considered  this  in  the  light  of  an  un- 
avoidable difficulty  and  have  not  given  the  matter  serious 
consideration  from  the  standpoint  of  studying  the  glass  so 
as  to  secure  glass  bottles  which  would  insure  the  greatest 
permanency.  The  experiments  on  the  three  bottles,  the 
results  of  which  are  given  in  Table  II,  clearly  indicate  that 
a  wide  difference  exists  in  the  quality  of  the  glass  actually 
used  in  bottling  hydrogen  peroxide. 

In  order  to  verify  these  results  two  bottles  made  of  a  boro- 
silicate  glass,  which  was  known  to  be  more  soluble  than 
ordinary  glass,  were  compared  with  two  bottles  regularly 
employed  for  botthng  hydrogen  peroxide.  All  bottles  were 
filled  with  the  same  hydrogen  peroxide,  made  by  the  barium 
process  and  free  from  any  preservative,  all  of  the  samples 
being  stored  in  white  fight  under  identical  conditions.  Table 
III  gives  the  results  of  these  experiments. 


Borosilicate  glass . 
Regular  glass. .  . . 


Bottle 
A 
B 
A 
B 


Table  III 

Original  Volume 
12.86 
12.88 
12.88 
12.88 


Per  cent  Loss  in 

Volume,  7  Days 

29.1 

38.4 

8.2 

9.4 


An  average  of  the  results  on  the  two  bottles  of  the  same  kind 
shows  that  the  more  soluble  borosilicate  glass  resulted  in 
deterioration  approximately  four  times  as  rapid  as. the 
regular  glass  used  in  the  trade.  Moreover,  the  evolution 
of  gas  bubbles  plainly  showed  that  the  decomposition  was 
more  rapid  in  the  case  of  the  borosilicate  glass.  The  hydro- 
gen peroxide  was  titrated  in  the  cold,  using  methyl  orange 
indicator,  with  the  results  given  in  Table  IV. 


Table  IV 


Borosilicate  glass. . 
Regular  glass 


Bottle 
A 
B 
A 
B 


Original 


After  7  Days' 
Storage 


Cc.  O.lAfNaOH    Cc.  O.lATNaOH 


1.76 
1.76 
1.76 
1.76 


Neutral 

Neutral 

1.77 

1.77 


These  results  show  that  there  is  a  marked  difference  in 
the  solubility  of  the  glass  and  that  the  solution  of  alkali  from 
the  glass  resulted  in  the  greater  deterioration  observed  to 
take  place  with  the  borosilicate  glass. 

Influence   of   Alkali    from   Glass   on    Deterioration 
OF  Hydrogen  Peroxide  and  the  Effect  of 

.\CETANIL1DE 

In  order  to  study  the  effect  of  the  alkali  from  the  gla.ss 
bottle  still  more  thoroughly,  four  .samples  of  medicinal 
hydrogen  peroxide,  representing  the  product  of  four  manu- 
facturers, were  obtained.  Samples  supposed  to  be  free  from 
acelanilidc  or  other  preservatives  were  selected.  The  real 
object  of  this  was  to  ascertain,  if  possible,  the  reason  for  the 
difference  in  keeping  qualities  of  various  brands  of  hydrogen 
peroxide  and  particularly  whether  the  kind  and  quality  of 
acid  or  iminiritics  contaiiuxl  in  the  different  biantls  were 
responsible  for  the  ilifforence  in  keeping  quality  or  whether 
the  glass  bottles  had  more  to  do  with  the  deterioration. 
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Incidentally,  the  effect  of  acetanilide  as  a  preservative  was 
determined,  particularly  as  to  whether  the  restraining 
effect  of  acetanilide  was  simOar  for  different  brands  or  whether 
the  quantity  and  kind  of  acid  or  impurities  would  alter  or 
influence  its  effect.  Table  V  gives  an  analysis  of  the  four 
brands. 

Table  V 
Sample  ABC 

Hydrogen  dioxide:     Absolute 2.82S  2.615  2.620  2.622 

Volumes 9.304  S.603  8.619  8.626 

Total  acidity,  cc.  of  0.1  N  alkali  required 

for25cc 2.36  2.36  1.28  2.89 

Residue  on  evaporation,  g.  per  100 cc 0.054  0.082  0.064  0.153 

Hydrochloric  acid.  g.  per  100 cc 0.011  0.007  0.015  0.034 

Sulfuric  acid,  g.  per  100  cc 0.005  0,012  0.014  0.017 

Phosphoric  acid,  g.  per  100  cc 0.029  0.034  0.006  0.060 

Silica  (SiOj).  g.  per  100  cc 0.009  0.023  0.023  0.023 

The  above  samples  were  tested  for  relative  stability 
both  in  the  original  form  and  after  adding  three-sixteenths 
of  a  grain  of  acetanilide  per  fluid  ounce,  aU  conditions  of 
storage  in  white  Light  being  identical.  Table  VI  gives  the 
result  of  these  observations. 


Sam- 
ple 

A     Original 

With  acetanilide . 


Table  VI 
Volumes 

Oxygen     Per  cent  Loss  in  Volume  in  Wks. 

Original       1  2  3  7             11 

9.304       0.15  10.68  11.21  25.08  39.04 

9.389       0.30  0.87  0.94  2.23  6.79 

B     Original 8.603     15.11  25.58  38.80  67.10  82.68 

With  acetanilide 9.001        1.98  3  00  5.23  27.34  63.09 

C     Original 8.619       6.45  19.79  29.45  63.45  79.24 

With  acetanilide 8.938       1.43  3.33  5.12  15.98  47.07 

D     Original 8.626       5.28  14.80  18.15  42.49  57.97 

With  acetanilide 8.731       0.64  1.84  2.87  8.03  21.47 

The  acidity  of  the  different  samples  was  carefully  deter- 
mined by  titration  in  the  cold,  with  0.1  A''  NaOH,  titrating 
first  to  methyl  orange,  and  then  adding  phenolphthalein 
and  completing  the  titration.  The  samples  were  titrated 
after  storage  for  1  and  13  wks.,  with  the  results  given  in 
Table  VII. 


Table  VII 

Acidity  Cc.  i 

D.l  .V 

Reduction  or  Increase 

NaOH  Required 

in  Acidity  after 

Time 

FOR  25  Cc. 

12  Wks. 

of 

Meth- 

Phenol- 

Meth- 

Phenol- 

Sam- 

Storage 

yl 

phtha- 

yl 

phtha- 

ple 

Wks. 

Total  Orange  lein 

Total 

Orange 

lein 

A 

Original 

1 
13 

2.36 
2.20 

1.07 
1.16 

1.29 
1.04 

-0,16 

-1-0.09 

-0.25 

With  acetanilide. 

1 
13 

2.89 
3.88 

1.18 
1,75 

1.71 
2  13 

-1-0.99 

4-0.37 

4-0.42 

B 

Original 

1 
13 

2,36 
1.75 

0.77 
0.65 

1.59 
1.10 

-0.61 

-0.12 

-0.49 

with  acetanilide. 

1 
13 

2.80 
1.79 

0.98 
0.49 

1.82 
1.30 

-1.01 

-0.49 

-0.52 

C 

Original 

1 
13 

1.28 
0.87 

0.53 
0.54 

0.75 
0  33 

-0.41 

-fO.Ol 

-0.42 

With  acetanilide. 

1 
13 

1,71 
1.09 

0.86 
0.37 

0.85 
0.72 

-0.62 

-0.49 

-0.13 

D 

Original.  ....... 

1 
13 

2,89 
2.81 

1.18 
1.12 

1.71 
1.69 

-0,08 

-0.06 

-0.02 

With  acetanilide. 

1 
13 

2.89 
3.25 

1.18 
1.12 

1.71 
2.13 

-1-0.36 

-0.06 

-t-0.42 

The  analyses  given  in  Table  V  show  that  the  samples  are 
all  quite  pure;  at  least  no  explanation  for  the  remarkable 
difference  in  stability  is  possible  from  the  standpoint  of  purity 
or  acidity. 

Acetanilide  (see  Table  V)  has  a  restraining  influence  on 
the  rate  of  decomposition  which  varies  with  the  different 
samples.  Sample  A,  which  is  a  widely  advertised  product, 
is  generally  understood  to  have  unusual  stability  and  to  be 
free  from  preservatives.  The  fact  that  the  sample  gave 
the  best  results  in  the  original  condition  and  after  the  addition 
of  acetaniUde  naturally  led  to  a  question  as  to  the  possible 
presence  of  a  preservative.  A  Uter  of  the  sample  was  ex- 
tracted with  ether  in  acid  solution  and  then  again  after 
addition  of  sodium  hydroxide  solution  to  render  it  alkaUne. 
The  two  extracts  were  evaporated  spontaneously  and  ex- 
amined for  any  ether-soluble  preservatives.  The  alkaline 
ether  extract  was  found  to  contain  quuiine  equivalent  to 
60  mg.  quinine  sulfate  per  liter.  Owing  to  the  presence  of 
hydrochloric,  sulfuric,  and  phosphoric  acids  in  the  product 
it  is  impossible  to  state  what  salt  of  quinine  was  originally 


used.  The  presence  of  quinine  in  the  product  was  verified 
recently  by  examining  a  sealed  sample  purchased  in  the  open 
market  in  July  192],  and  an  examination  made  as  far  back 
as  November  1912  showed  qumine  to  be  present. 

A  study  of  the  results  given  in  Table  VII  shows  that  those 
products  which  show  an  increase  or  the  least  decrease  in 
acidity  upon  storage  are  the  more  stable,  whereas  those  which 
show  the  greatest  reduction  in  acidity  deteriorate  more 
rapidly.     This  relation  is  shown  in  Table  VIII. 

Table  VIII 
Per  cent  Loss    Per  cent  Increase  or  De- 


in  Volume 

Sample  11  Wks. 

A      Original 39.04 

With  acetanilide 6 .  79 

B      Original 82.68 

With  acetanilide 63 .  09 

C      Original 79 ,  24 

With  acetanilide 47  ,  07 

D      Original 57,97 

With  acetanilide 21.47 


crease  in  Total  .\cidity 
12  Wks. 

-  6.8 
-1-34.2 
-25.8 
-36.0 
-32.0 
-36.2 

-  2.7 
-1-12.4 


It  must  be  remembered  that  Sample  A  contained  quinine, 
the  presence  of  which  was  not  suspected  when  the  experi- 
ment was  started.  This  explains  why  the  original  Sample 
D  which  contained  no  preservative  showed  a  greater  loss 
although  the  decrease  in  acidity  was  less.  In  other  respects 
the  results  show  that  samples  containing  acetanihde,  which 
are  the  most  stable,  show  an  increase  in  acidity  on  storage, 
whereas  unpreserved  samples  show  the  greatest  deterioration 
with  the  largest  decrease  in  acidity. 

Acetanilide  has  a  tendency  to  increase  the  acidity  initially 
and  to  increase  the  acidity  continually  in  the  more  stable 
products,  while  in  those  products  which  show  the  greater 
losses  acetanihde  appears  to  lose  this  property  and  actually 
show  a  decrease  in  acidity.  This  explains  the  variable  re- 
sults obtained  in  the  effectiveness  of  acetanihde  as  a  pre- 
servative and  indicates  that  the  alkali  derived  from  the 
glass  acts  as  a  catalyst  and  has  a  greater  effect  in  accelerating 
decomposition  than  acetanilide  has  in  restraining  it. 

The  remarkable  difference  in  the  rate  of  deterioration 
observed  in  the  same  sample  of  hydrogen  peroxide  stored 
in  bottles  of  different  composition,  taken  in  conjunction 
with  the  relation  of  deterioration  to  decrease  in  acidity 
upon  storage  as  determined  in  these  experiments,  shows 
conclusively  that  the  resistance  of  the  glass  to  attack  by 
the  hydrogen  peroxide  solution  is  the  most  prominent  cause 
of  deterioration  of  hydrogen  peroxide.  Manufacturers 
have  neglected  this  important  phase  of  the  glass  problem, 
e^idently  upon  the  assumption  that  all  glass  has  a  similar 
effect  in  causing  deterioration,  Uttle  realizing  that  a  remark- 
able difference  in  stability  may  be  secured  by  careful  selec- 
tion of  glass  of  suitable  resistance.  A  proper  selection  is 
best  made  by  studying  the  resistance  of  the  glass  to  water 
and  weak  acids  in  conjunction  with  observations  on  the  rate 
of  deterioration  of  the  hydrogen  peroxide  upon  storage. 
This  is  a  problem  well  worth  the  attention  of  the  bottle  manu- 
facturer. As  a  matter  of  fact,  entirely  too  little  attention 
is  given  to  the  suitability  of  glass  bottles  as  containers  for 
manufactured  products  and  it  is  the  author's  experience 
that  defective  glass  bottles  in  many  instances  have  been 
responsible  for  the  deterioration  of  manufactured  products, 
particularly  solutions  of  various  chemicals,  pharmaceutical 
preparations,  and  beverages. 

Preserv.\tive  Effect  of  Certain  Organic  Substances 
UPON  Hydrogen  Peroxide  Solutions 

quinine  sulfate — The  U.  S.  P.  salt  was  added  to  hydrogen 
peroxide  solutions  of  two  different  strengths  made  by  the 
process  already  described.  In  both  cases,  3.5  grains  of 
quinine  sulfate  were  added  to  1  gal.  of  the  solution.  Three 
different  bottles  were  used  in  these  tests,  the  bottles  con- 
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taining  the  original  and  treated  hydrogen  peroxide  sokitions  Table  xi 

being  J  exposed   to   white  light   under  identieal   conditions.  Volumes  oi- Oxygen       pbr  cent  loss 

m  ui     TV     •          iU               li     r  iU                       ■           i  „                                                   After  1   After  4           in  VolumB 

Table  lA  gives  the  result  of  these  expernnents.  Sample                original    wk.    wks.        i  wk.  4  Wks. 

A  +  11,88  grs.  benzoic  acid 

Table  IX  0.92  gr.    salicylic  acid 

Volumes  OF  Oxygen       Per  cent  Loss  1 .23  grs.  acetanilide 

Sample                                  Bottle         Original     After  11  Days       in  Volume  per  gal.                            16.16     15.81      13.95            2.1        13.6 

A      original 1                16.44                1.V60                  5,1  ^  +  'i.'ol  gT  s\l^Vt  l^c'^d 

Withcuininesul.     '                '""                ''"'                  '   '  ' '  ~' ^^  i^r""'""'              25  45     24  98     2196             1  8       13  7 

f-"= I                \lil                J6  59                  0.5  A  +  lLOsTrs-'benzoicacid           ''■''     '*-^'     ''"             '^       "' 

?                ?fi'f?                Jfiii                  ns  0.92  gr.    salicylic  acid 

■i                16. bT                16.64                  U.S  per  gal.                            16.08     15.66     13.69            2.6       14.8 

B      Original 1                25.68                24.44                  4.8  B  +  11 ,88  grs.  benzoic  acid 

2  25.68                24.21                  5.7  0.92  gr.    salicylic  acid 

3  25.68                24.28                  5.4  per  gal.                            25.45     24.98      1.8        

With  quinine  sul-  A  +  21/3   grs.  quinine  sulfate 

fate 1                26.10                26.14                  0.0  1         gr.  saccharin 

2  26.10                26.21                  0.0  pergal.                               16.08     15.97     13.82            0.7        14.0 

3  26.10                 26.18                   0.0  B  +  2>,/j    grs,  quinine  sulfate 

1        gr,  saccharin 

These  results  show  that  quinine  sulfate  restrains  decompo-  pergai.                      25.42    24.91    21.63         2.0      14.9 

...             f     1      J                               -1            ^    J-               r     1  •    1         i,           4-1  A-             No  addition                      16,00     14,63     10,11             8,5       36,8 

sition    of   hydrogen    peroxide   solutions    of    high   strength.  b_          no addition                25,42    23,89    16.63         6,0     34,5 
It  was  considered  interesting  to  determine  whether  a  solution 

of  pure  hydrogen   peroxide  which  had   been  stored  until  Ordinarily,  24  grains  of  acetanilide  are  added  to  each 

considerably  reduced  in  H2O2  content  would  show  a  similar  gallon  of  hydrogen  peroxide  as  a  preservative.    It  has  been 

result  and  also  whether  a  reduced  amount  of  quinine  sul-  the  author's  experience  that  2V3  grains  of  quinine  sulfate 

fate  would  be  effective.     This  constitutes  a  more  rigorous  to  each  gallon  are  as  efficient  a  preservative  and  introduces 

test  of  its  effectiveness  than  when  added  to  a  fresh  solution  only  one-tenth  the  amount  of  foreign  substance.     Moreover, 

because  solutions  of  hydrogen  peroxide  which  have  under-  acetaniUde  causes  the  development  of  yellowish  or  brownish 

gone  decomposition  are  more  susceptible  to  decomposition,  tint  and  unpleasant  odor.     The  author's  experiments  have 

These  results  are  given  in  Table  X.  shown  that  an  odor  identical  with  iodoform  is  developed 

in  solutions  of  hydrogen  peroxide  which  contain   a    shght 

Description            ''"voLUMEs  OP  Oxygen      Per  cent  Loss  excess  of  acid.     Quinino  Sulfate  does  not  cause  any  foreign 

Sample         Grs.  per  Gal,           Original     After  16  Days    in  Volume  odor  or  color  to  develop.     As  mentioned  before,   quinine 

2  +'/"»                    5'53              4J2               23!7  is  used  ill  one  of  the  most  widely  sold  medicinal  hydrogen 

3  +1V<                    5-50               4,62               16,0  peroxide  solutions,   and   it   certainly  has  advantages  over 

5                No  addition            sioO               2^28               58^5  acetanOide,  especially  in  view  of  the  fact  that  the  law  does 

m.          u      •        •    Ti  ui    V   1        ii    t    J  i-i-        f      ■   •  not  require  its  presence  to  be  declared  upon  the  label  of  the 

1  he  results  given  in  i  able  X  show  that  addition  of  qumine  h     f 

sulfate  restrains  the  decomposition  of  hydrogen  peroxide 

solutions    which    have    already    lost    considerable    oxygen  

and  that  the  restraining  effect  is  dependent  upon  the  amount 

added.     Moreover,  it  appears  that  2  '/a  grains  per  gallon  t^     t.        ^i        •     i  -n  n        i  • 

are  as  much  as  need  be  added  for  preservation.  I^u  Pont  Chemical  Fellowships 

It  was  thought  interesting  to  determine  whether  quinine  It  is  interesting  to  note,  in  these  days  of  retrenchment,  that 

sulfate  added  in  the  various  amounts  used  in  aU  of  these  the  du  Pont  fellowships  in  chemistry  in  twenty  colleges    and 

.              ,j                      1  -ii       i     J,      •      iu             J     i  universities  throughout  the  United  States  are  to  be  continued 

experiments    would    cause    a   bitter   taste   in   the    product.  f^^  ^^e  academic  year  1922-23.     These  fellowships  were  estab- 

Organoleptic  tests  made  by  seven  observers,  all  of  whom  lished  four  years  ago,  at  the  time  when  the  war  made  necessary 

were  asked  to  determine  whether  any  of  the  samples  had  the  development  of  a  self-contained  chemical  industry  in  this 

a  perceptible  bitter  taste,  gave  results  which  established  country. 

the  fact  that  quantities  up  to   the  limit  tested  (S'/z  grains  The  fellowships  are  for  graduate  work.     Recipients  must  be 

11      s    ]•  1       ,         i  -1     i             1  -ii      i     i.    i    4,1,        •   •     1  graduates  devoting  the  major  part  of  their  time  to  the  study  of 

per  gallon)  did  not  contribute  any  bitter  taste  to  the  original  Chemistry,  and  are  selected  by  the  university  authorities,  not  bv 

quimne-free  solutions.  the  Company, 

VARIOUS  PRESERVATIVES— A  Sample  of  hydrogen  peroxide  The  plan  differs  from  the  usual  one  for  industrial  fellowships 

made   by   a   prominent   pharmaceutical   manufacturer   was  in  that  the  research  is  not  necessarily  to  be  directed  along  some 

found  to  contain  11.75  grains   of   benzoic  acid,  0,93  grain  1'"^  i"  which  the  Company  is  interested,  but  the  student  is  left 

J.      ,.     r        •  1         1  1   oo        •         r        i      -i-  ]     ■           u       11  free,  under  the  direction  of  his  instructors,  to  follow  whatever 

of  salicylic  acid,  and  1 .  28  grams  of  acetanUide  m  each  gallon  jj^^'^j  investigation  seems  to  him  most  promising. 

of  the  product.     Tests  were  made  to  determine  the  effect  „            .      .          ,  ,  ,          .       ,        ,  ,,       , . 

f.i-..           rut                                  jiiu  The  institutions  which  receive  these  fellowships  are: 
01  this  mi.xture  of  substances  as  compared  to  the  same  quan- 
tity of  benzoic  and  salicyhc  acids  without  any  acetanilide.  ^""■•'"  university,  Providence,  r.  i. 

T                      i-             -ii     41                       1       4-      4.     X        •4.               4*           1  California  Institute  of  Technology,  Pasadena,  Cal. 

In  connection  with  the  organoleptic  tests,  it  was  found  r;          ,     ,  „  ,,,     .    ,,   .  ,  ,,  V„i 

"             '       ,      ,        '                            .  University  of  California,  Berkeley,  tal, 

that  some  observers  reported  that  plain  hydrogen  peroxide  university  of  Chicago,  Chicago,  in. 

solutions  had  a  slightly  bitter  taste.      In  fact,  this  is  a  prop-  Columbia  university.  New  York,  N.  Y. 

erty  of  pure  hydrogen  peroxide.     Addition  of   1   grain  of  Cornell  university,  ithaca,  n.  y. 

saccharin  per  gallon  of  hydrogen  I)eroxidc  solution  was  found  Delaware  University,  Newark,  Del 

'      ,                          J         a        1                             I          r  Harvard  University,  Cambridge,  Mass. 

to  improve  the  tiiste.     An  experiment  was,  thereiore,  made  university  of  Illinois,  Urbana,  in. 

to  determine  the  effect  of  a  mixture  of  2V3  grains  of  quinine  Johns  Hopkins  trniversity.  Baltimore,  Md. 

sulfate  and  1  grain  of  saccharin  on  the  stability  of  hydrogen  Lafayette  College.  Kaston,  Pa. 

peroxide    (Table    XI).  Massachusetts  institute  of  Technology,  Cambridge.  Mass. 

.        .    .   ^         .,            '.          .,          1,1.          •  1  •      41                  ,.,  University  of  Michigan.  Ann  Arbor,  Mich. 

A  mixture  of  benzoic  acid  and  salicylic  acid  in  the  quantity  university  of  Minnesota.  Minneapolis,  Minn. 

used  exerts  a  preservative  action,  which  is  not  appreciably  ohio  state  university,  coiumbus,  ohio 

enhanced  by  the  amount  of  acetanilide  added.  Princeton  university,  Princeton,  n.  j. 

Quinine  sulfate   and   saccharin   in    the   (lUantitieS   used   also  University  of  Virginia,  university.  Va. 

,     ^                                 .                .             ,   ,           ,       ,                 ,,          .4,           •  University  of  Washington,  henttlc,  Wash, 

show   a   preservative   action,   although    tlie   results   with   qui-  university  of  Wisconsin,    Madison,  Wis. 

nine  sulfate   alone   appear   to   bt;   better.  Yale  University,  New  Haven,  Conn. 
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Within  the  last  few  years  the  introduction  of  solvent  recooery 
and  air-conditioning  systems  in  the  chemical  industry  has  focused 
the  attention  of  engineers  upon  the  general  problem  of  interaction 
between  gases  and  liquids.  The  commercial  scope  of  this  subject 
includes  many  processes,  such  as  the  separation  of  ammonia  and 
light  oils  from  by-product  coke-ooen  gas.  the  recooery  of  volatile 
solvents  in  the  rubber  industry,  air  conditioning  for  the  drying 
of  soap,  lumber,  leather,  etc.,  and  ventilation  for  hospitals  and 
plants  handling  certain  materials  such  as  paper,  cloth,  and  l^odak, 
films.  The  purpose  of  this  article  is  to  present  a  mathematical 
treatment  for  this  type  of  problem  and  to  give  results  obtained  in 
certain  specific  cases. 

UP  to  a  short  time  ago,  the  only  method  avaOable 
for  the  purpose  of  predicting  or  altering  the  capacity 
of  any  specified  apparatus  which  transferred  matter 
or  energy  between  gases  and  Liquids  was  a  very  indefinite 
one  gained  by  the  experience  of  the  operator.  The  necessity 
of  working  under  variable  conditions  of  liquid  or  gas  supply 
often  increased  or  decreased  capacity  or  efficiency,  and  ac- 
cordingly the  experienced  operator  understood  in  a  quaU- 
tative  manner  how  to  alter  the  capacity  or  function  of  his 
own  particular  unit.  In  1916,  W.  K.  Lewis'  developed  an 
expression  for  the  performance  of  gas  scrubbers  and  other 
countercurrent  absorption  devices.  The  data  on  the  sub- 
ject available  at  that  time  were  very  meager,  and  accordingly 
the  theory  could  not  be  given  a  thorough  test.  Recently, 
however,  considerable  data  on  the  transfer  of  energy  and 
matter  have  been  obtained  on  various  types  of  commercial 
and  laboratory  equipment,  and  with  the  aid  of  these  data 
and  a  modified  treatment  of  the  theory  developed  by  Lewis, 
transfer  coefficients  have  been  obtained  for  a  number  of  im- 
portant cases.  For  any  given  piece  of  apparatus  the  coeffi- 
cient is  a  variable  quantity  directly  influenced  by  the  con- 
ditions of  operation,  and  is  a  measure  of  capacity  and  effi- 
ciency. This  article,  therefore,  is  devoted  to  the  following 
subjects: 

1 — A  presentation  of  the  theory  involved  in  liquid-gas  interactions. 
2 — A  summary  of  Lewis's  mathematical  treatment  with  modifications. 
3 — A    verification    of    the    theory. 

4 — A  presentation  of  equations  showing  the  effect  of  operating  vari- 
ahles  on  the  coefEcients  for  various  types  of  apparatus. 

Theory  of  Rate  of  Interaction 

The  theory  involved  in  this  problem  is  based  upon  the 
rates  of  interaction  of  the  two  components  for  the  various 
conditions  encountered  in  practice. 

The  rate  at  which  energy  or  matter  is  transferred  from  gas 
to  Uquid  or  vice  versa  is  determined  by  the  general  law 
which  governs  the  flow  of  heat  and  electricity.  In  all  cases 
any  definite  system  tends  to  adjust  itself  to  a  condition  of 
equihbrium,  and  the  rate  of  this  adjustment  or  interaction 
within  the  system  decreases  as  equilibrium  is  approached. 
In  fact,  the  driving  force  or  potential  of  the  interaction 
for  any  given  conditions  is  directly  determined  by  the  dis- 
tance from  equihbrium.  For  problems  in  heat  flow  this 
driving  force  is  the  temperature  difference,  for  electricity 
the  voltage  drop,  and  for  liquid-gas  interactions  it  may  be 
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either  a  temperature  or  pressure  potential  operating  on  the 
transfer  of  heat  or  matter. 

HEAT  TRANSFER — The  mcchanism  of  heat  transfer  be- 
tween gases  and  Uquids  can  be  illustrated  (Fig.  1)  by  the 
case  of  a  drop  of  water  at  a  temperature,  t,  suspended  in 
warmer  air  at  a  temperature,  T.  Heat  flows  from  the  air 
into  the  water  because  of  the  difference  in  temperature 
between  the  two.  The  actual  mechanism  is  a  combination 
of  the  two  processes  of  convection 

and  diffusion — convection  in  the  main  /-^^SfiOs      T" 

bodies  of  the  gas  and  the  Uquid,  and 
diffusion  through  the  comparatively 
quiet  layers  in  the  surface  phases. 
It  is  well  known  that  the  layer  of  gas 
against  any  solid  or  Uquid  surface  is 
almost  at  rest  compared  to  the  mass 
of  gas  outside,  and  it  is  this  so-called 
"fUm,"  through  which  heat  must  pass  by  the  slow  process 
of  diffusion,  which  offers  high  resistance  to  the  flow  of 
energy.  Similarly  a  liquid  film  exists  on  the  surface  of  the 
water  drop,  and  the  combination  of  gas  and  Uquid  films  in 
series  gives  a  "two-film"  resistance.  The  flow  of  heat  can 
therefore  be  expressed  by  the  formula 


Fig.  1 


dQ    ^    (T-0    , 
de         Rg  -I-  Rl 


AT 


AT. 


Rg  +  Ri, 
where  dQ/dB  =  B.  t.  u.  from  gas  to  liquid  per  min. 

(T—  0  =  Driving  temperature  potential  in  °  F. 
Ro  =  Resistance  of  gas  film. 
Ri,  =  Resistance  of  liquid  film. 

The  values  for  Rq  and  Rl  will  of  course  vary  widely  with 
the  specific  conditions. 

The  above  method  is  fundamentaUy  sound  in  treating 
the  phenomenon  as  a  matter  of  series  resistances.  It  is 
customary,  however,  to  handle  the  calculations  from  the 
standpoint  of  film  conductance,  i.  e.,  the  reciprocal  of  film 
resistance.    The  formula  then  becomes 


dQ 
do 


=  hk  AT 


1 


Ro  -I-  Ri. 


where  hh  =  Over-all  conductance  of  the  two  films  = 

A  =  Surface  area  of  contact. 

h  =  Over-all  conductance  per  unit  area. 

Since  it  is  usually  impossible  to  determine  A,  the  area  of 
contact,  in  any  given  equipment,  the  term  ha  V  is  substi- 
tuted for  hA,  with  V  the  total  volume  of  the  equipment 
where  interaction  takes  place,  a  the  contact  surface  per 
unit  of  volume,  and  h  the  conductance  per  unit  of  surface. 
It  is  obvious  that  h  and  a  will  vary  widely  with  the  type  of 
apparatus  and  the  operating  conditions,  and  that  they 
cannot  be  separated  if  the  actual  surface  area  is  not  known. 
In  the  foUowing  general  equation, 
dQ 


de 


=  haV  AT, 


ha  is  the  coefficient  of  heat  transfer  in  B.  t.  u.  per  cu.  ft.  per 
°  F.  per  min.  and  is  consistently  treated  as  a  unit.  This 
equation  is  the  one  employed  throughout  the  remainder  of 
the  article. 

ABSORPTION — The  rate  of  absorption  of  matter  from  gas 
to  liquid  or  Nice  versa  is  a  process  paralleling  that  of  heat 
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transfer.  The  action  can  be  visualized  in  the  same  manner 
with  a  two-film  resistance  to  diffusion  through  the  two 
surface  layers,  but  the  driving  potential  is  caused  by  a  dif- 
ference in  pressures  or  concentrations,  rather  than  by  a 
temperature  difference.  The  previous  illustration  may  be 
modified  for  this  case  by  assuming  that  ammonia  is  diffusing 
from  a  concentrated  mixturb  with  air  into  a  dilute  solution 
inside  the  drop  (Fig.  2).  Denoting  the  pressure  of  ammonia 
in  the  gas  by  P  and  its  concentration 
"P  in  the  drop  by  x,  the  driving  pressure 
of  the  diffusion  is  (P  — aj),or  (P— p). 
p  is  the  equilibrium  or  back  pres- 
sure of  ammonia  above  a  solution  of 
concentration,  x,  the  concentration 
being  determined  from  the  solubiUty 
of  ammonia  in  water  at  the  tem- 
perature of  the  drop.  In  simple 
cases  p  and  x  are  related  by  Henry's 
Law,  t.  e.,  p  =  ax.  It  is  to  be  understood  that  this  treat- 
ment probably  cannot  be  used  for  problems  in  which 
Henry's  Law  does  not  hold  approximately  over  the  range 
in  question,  as,  for  example,  for  the  absorption  of  hydrogen 
chloride  gas  in  water. 

The  general  equation  for  absorption  is  similar  in  form  to 
that  for  heat  transfer: 


Fio.  2 


de 


=  k'a  V  {P-p)  =  k'a  V  A^ 

where    dW/dQ     =     Lbs.  of  material  absorbed  per  minute. 

k'a     =     Coefficient  of  absorption  in  lbs.  of  material 
absorbed  per  cii.  ft.  per  min.  per  mm. 
mercury  pressure  difTerence. 
V      =     Volume  of  apparatus  in  cubic  feet. 
Ap       =     Driving  pressure  in  mm.  of  mercury. 

This  equation  could  also  be  expressed  in  the  resistance  form 
given  under  heat  transfer. 

EELATION  BETWEEN  HEAT  TRANSFER  AND  GAS  ABSORPTION 

— The  similarity  between  the  mechanisms  of  heat  transfer 
and  diffusion  of  matter  between  liquids  and  gases,  which 
has  already  been  pointed  out,  suggests  that  the  two  pro- 
cesses may  be  directly  connected  in  some  simple  manner. 
W.  K.  Lewis^  has  developed  this  relationship  in  a  recent 
article,  proving  that  the  ratio  of  the  coefficients  (ha/k'a) 
is  practically  proportional  to  the  humid  heat  of  the  gas. 
Humid  heat  is  defined  as  the  amount  of  heat  in  B.  t.  u. 
necessary  to  raise  1  lb.  of  inert  carrier  plus  the  solute  as- 
sociated with  it  1°  F.  By  expressing  the  Ap  pressure  dif- 
ference in  pounds  of  absorbable  material  per  pound  of  inert 
carrier  instead  of  in  mm.  of  mercury,  the  proportionality 
factor  becomes  unity: 


ha 

r-   =  B.  t.  u.  per  lb.  carrier  per 


'F.  =  s  (humid  heat) 


The  mathematical  derivation  of  this  expression  may  be  found 
in  Lewis's  article. 

VARIABLES  INVOLVED — The  main  variables  affecting'heat 
transfer  and  diffusion  are  character  of  equipment,  gas  velocity, 
rate  of  liquor  flow,  temperature,  and  nature  of  gas,  solute, 
and  liquid.  Since  ha  and  k'a  are  connected  by  direct  ratio, 
it  follows  that  the  effect  of  any  variable  in  design  or  operation 
for  a  definite  gas  and  liquid  will  be  the  same  for  either  process. 

ChaTacter  of  Equipment — Some  of  the  various  types  of 
apparatus  used  for  transferring  energy  or  matter  between 
gases  and  liquids  are  packed  towers,  spray  chambers,  plate 
columns,  bubbling  caps,  rotary  gas  washers,  etc.  Design 
is  undoubtedly  the  most  important  variable  to  be  considered 
and  the  coefficients  obtained  with  various  machines  may 
be  regarded  as  direct  measures  of  their  absorbing  or  heat 
transfer  effectiveness  per' unit  of  volume.     It  is  obvious  that 

*  "The  Evaporation  of  a  Liquid  into  a  Gas,"  to  appear  in  Mech.  Eng, 


any  equipment  giving  large  surface  area  per  unit  volume 
will  tend  to  have  a  high  coefficient,  other  conditions  being 
constant.  The  influence  of  character  of  equipment  on  other 
variables  will  be  discussed  under  the  individual  variables 
themselves. 

Gas  Velocity — The  velocity  of  gas  past  the  liquid  surface 
has  an  important  bearing  on  the  transfer  coefficients.  High 
gas  velocity  exerts  a  brushing  or  tearing  action  on  the  surface 
films,  reducing  their  effective  thickness  and  thus  decreasing 
the  resistance.  The  exact  nature  of  this  effect  can  be  pre- 
dicted qualitatively  from  the  character  of  the  apparatus, 
remembering  that  the  important  factor  is  gas  velocity  rela- 
tive to  the  surface  of  the  liquid  rather  than  the  apparent 
velocity  measured  past  the  walls  of  the  equipment.  For 
example,  in  a  coke-filled  tower  where  air  is  being  heated 
or  cooled  by  water  trickling  down  over  the  coke,  the  water 
is  held  on  the  solid  coke,  and  an  increase  in  gas  velocity 
through  the  tower  will  cause  a  corresponding  increase  in  gas 
velocity  past  the  water.  The  effect  of  changing  gas  ve- 
locity should  therefore  be  great  for  this  case.  On  the 
other  hand,  a  spray  chamber  for  conditioning  air  where 
the  gas  flows  horizontally  against  a  water  spray  from  nozzles 
illustrates  the  other  ex- 
treme. In  such  a  cham- 
ber the  drops  of  water 
are  not  held  on  any  solid 
surface,  and  a  definite 
increase  in  gas  velocity 
tends  to  carry  the  drops 
along  in  the  air  without 
producing  the  same  in- 
crease in  the  relative 
motion  between  gas  and 
liquid.  For  this  case 
gas  velocity  should  have 
much  less  effect  than  in 
the  coke  tower  men- 
tioned above.  Fig.  3 
shows  how  this  effect 
varies  with  certain  spe- 
cific designs  of  appara- 
tus. For  ease  in  com- 
paring effects  of  gas 
velocity  a  power  func- 
tion has  been  fitted  to 
each  of  these  curves,  of 
the  form  ha=  kv".  The 
value  of  this  power  will 
be  greater  in  those  cases 
where  gas  velocity  has  a 
greater  influence  on  the 
coefficient  and  it  will 
be  noted  that  the  results 
bear  out  the  predictions 
made  above. 

Rate  of  Liquor  Flow— 
The  rate  of  liquor  flow 

through  the  apparatus  should  influence  the  coefficient  in  two 
ways.  Fiist,  an  increase  in  amount  of  liquor  in  any  given 
apparatus  should  increase  the  surface  area  of  contact  uj)  to 
a  certain  limit  varying  with  the  nature  of  the  api)aratus^ 
beyond  this  limit,  a  further  increase  in  liquor  rate  is  of  little 
advantage.  For  example,  in  a  spray  device,  increasing  the 
liquor  rate  would  produce  a  greater  lumiber  of  drops  of 
practically  the  same  size,  but  finally  larger  drops  would  re- 
sult because  of  interference  and  coalescence  of  the  smaller 
ones,  and  the  relative  increa,sc  in  surface  of  contact  would 
be  small.  In  a  packed  tower,  increase  in  liquor  rate  beyond 
the  point  necessary  to  keep  the  entire  pacldng  surface  wet 
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would  merely  cause  a  thicker  layer  of  liquor  with  relatively 
little  increase  in  surface  of  contact.  Second,  in  the  case  of 
packed  towers,  the  increased  flow  of  Uquor  would  in  some 
cases  cause  more  turbulence  and  motion  in  the  Mquor  phase, 
thus  reducing  the  liquid  film  resistance  and  increasing  heat 
transfer. 

Temperature — Temperature  has  two  effects  on  the  total 
absorption  of  a  definite  system.  The  first  of  these  is  obvious, 
i.  e.,  a  change  in  temperature  changes  the  equilibrium  pres- 
sure over  the  solution  and  hence  changes  the  driving  potential. 
This  is  completely  aUowed  for  in  the  potential  term  and  does 
not  affect  ka,  the  specific  coefficient  per  unit  of  potential, 
in  the  slightest  degree.  The  other  effect  is  a  small  increase 
in  the  coefficient  due  to  increased  molecular  activity,  and 
should  theoretically  be  proportional  to  the  square  root  of 
the  absolute  temperature  of  the  gas.  Liquor  temperature 
is  closely  correlated  with  viscosity  and  is  discussed  under 
"Nature  of  Liquid." 

Nature  of  Gas,  Liquid,  and  Solute — The  specific  properties 
of  the  components  in  the  system  have  an  important  bearing 
on  the  rate  of  interaction  between  the  phases.  From  the 
physical  concept  previously  presented,  certain  results  can 
be  predicted. 

Nature  of  Gas — The  relationship  between  ha  and  ka  depends  almost 
entirely  on  the  humid  heat  of  the  inert  gas,  and  since  most  gases  have  the 
same  molecular  heat  capacity,  this  relationship  should  be  almost  inversely 
proportional  to  the  molecular  weight.  Furthermore,  the  gas  film  resistance 
should  probably  vary  in  some -way  with  the  nature  of  the  gas. 

Nature  of  Solute — The  rate  at  which  the  solute  diffuses  through  a 
film  should  vary  directly  with  the  velocity  of  the  diffusing  molecules.  Since 
this  velocity  is  inversely  proportional  to  the  square  root  of  the  molecular 
weight,  the  coefficient  ka  should  vary  in  the  same  way. 

Nature  op  Liquid — The  important  liquor  properties  to  be  considered 
are  probably  viscosity  and  surface  tension,  since  these  would  largely  de- 
termine the  resistance  of  the  liquor  film.  Experiments  on  heat  transfer 
from  liquids  to  pipes  have  shown  the  coefficients  to  vary  inversely  as  the 
viscosity  or  directly  as  the  fluidity  of  the  liquid,  and  the  same  results  would 
be  predicted  for  the  conductance  of  liquid  films  encountered  in  liquid-gas 
interactions.  Little  has  been  done  on  the  question  of  applying  surface 
tension  corrections,  and  it  is  difficult  to  predict  the  exact  influence  of  this 
variable. 

Experimental  Procedure 

The  data  from  which  the  experimental  coefficients  were 
derived  were  obtained  from  two  sources,  commercial  equip- 
ment and  laboratory  apparatus.  For  both  cases  the  ex- 
perimental procedure  v\as  the  same. 

Referring  to  the  rate  formulas  stated  above,  it  is  obvious 
that  in  all  cases  three  quantities  must  be  determined:  (1) 
the  amount  of  energy  or  matter  being  transferred  per  unit 
time,  (2)  the  effective  volume  of  the  equipment,  and  (3) 
the  average  driving  force.  From  these  three  quantities 
the  coefficients  of  heat  transfer  or  diffusion  are  easily  ob- 
tained. 

In  the  case  of  absorption  the  amount  of  matter  transferred 
per  unit  time  may  be  obtained  in  two  ways:  by  measuring 
the  rate  of  flow  of  the  gas  and  analyzing  it  at  both  ends  of 
the  apparatus,  or  by  measuring  the  rate  of  flow  of  the  liquid 
and  analyzing  it  at  both  ends  of  the  equipment.  For  prob- 
lems in  the  transfer  of  heat  the  requirements  are  analogous 
to  those  stated  for  the  previous  case  except  for  the  fact  that 
temperatures  are  used  in  the  place  of  analyses.  One  ex- 
ception is  to  be  noted  in  this  case,  namely,  the  problem 
of  dehumidification  for  which  only  the  sensible  heat  change 
is  used  in  determining  the  coefficient  of  heat  transfer.  The 
latent  heat  of  condensation  is  transferred  through  a  process 
of  diffusion  and  is  accounted  for  in  ka.  Accordingly  the 
change  in  temperature  of  the  Uquid  cannot  be  used  as  a  mea- 
sure of  the  heat  transfer  since  this  variation  is  caused  by  both 
the  heat  of  condensation  and  the  sensible  heat  removed  from 
the  gas.  Therefore,  for  dehumidification  the  transfer  is 
always  calculated  from  the  gas  data. 


The  total  active  volume  of  the  equipment  is  determined 
by  direct  measurement.  For  example,  for  a  packed  tow'er, 
it  is  the  total  volume  of  the  tower  minus  any  inactive  por- 
tions, such  as  hquor  storage  or  supports,  and  for  a  spray 
chamber,  the  total  volume  is  the  volume  of  the  chamber 
minus  storage  space  in  the  bottom  of  the  chamber.  In  the 
case  of  a  bubbling  column  the  total  volume  is  somewhat 
arbitrary,  but  for  this  work  the  entire  available  volume 
between  the  plates  is  used  to  represent  this  quantity. 

The  average  driving  force  in  any  gas  absorption  equipment 
is  calculated  from  observed  gas  and  Hquor  concentrations 
at  both  ends  of  the  apparatus.  For  example,  in  scrubbing 
ammonia  out  of  an  ammonia-air  mixture  with  water,  the 
average  driving  force  is  obtained  by  calculating  the  partial 
pressure  difference  between  the  pressure  of  the  ammonia 
in  the  gas  phase  and  the  equilibrium  vapor  pressure  of  ammo- 
nia over  the  liquid  at  both  ends  of  the  apparatus  and  aver- 
aging the  differences.  In  heat  transfer  the  dri^^ng  force  is 
the  average  temperature  difference  between  the  gas  and  the 
liquid  throughout  the  apparatus  and  is  obtained  by  averaging 
the  corresponding  differences  at  both  ends  of  the  apparatus. 
The  logarithmic  mean  average  should  be  used  in  place  of  the 
arithmetic  mean  for  all  cases  in  which  the  difference  at  one 
end  of  the  equipment  is-  less  than  half  that  at  the  other  end. 
Otherwise  the  arithmetic  mean  is  used. 

EXPEEIMENT.\L    RESULTS 

In  order  to  substantiate  the  theory  and  to  present  co- 
efficients obtained  in  specific  cases,  the  results  of  numerous 
tests  on  different  types  of  apparatus,  classified  according 
to  type  of  apparatus  studied,  are  summarized  in  the  fol- 
lowing paragraphs. 
Many  of  these  ex- 
periments were  de- 
signed to  show  the 
effect  of  varying  vol- 
ume and  driving 
potential,  and  in  all 
cases  the  formula 
w-as  found  to  apply. 

PACKED    TOWERS — 

One  of  the  authors' 
ran  tests  on  an  ex- 
perimental  tower  (1 
ft.  in  diam.    X   5  ft. 
high),    packed    with 
3-in.  gas  coke,  work- 
ing with  air  and  water 
and  studying  humidi- 
fication  and  dehumidification.    The  results  may  be  briefly 
summed  up  as  follows.     In  humidification  (Fig.  4)   the  heat 
transfer  varies  as  a  straight  line  function  of  the  gas  velocity 
and  is  expressed  by  the  equation 
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ha„  = 


R. 


=  1.20  -1-  0.42  G, 


in  which  G  varied  from  7.1  to  18.7  lbs.  of  dry  air  per  sq. 
ft.  per  min.,  and  ha  increased  from  4 , 2  to  9 . 1  B.  t.  u.  per  min. 
per  cu.  ft.  per  °  F.  temperature  difference.  The  dotted 
jjortion  of  the  plot  indicates  the  extrapolated  zone.  It 
is  inadvisable  to  extrapolate  this  equation  beyond  the  limits 
of  the  experimental  work  because  the  results  might  also 
have  been  expressed  by  power  curves  passing  through  the 
origin,  but  values  showing  this  function  at  low  gas  velocities 
could  not  be  obtained  because  the  apparatus  as  constructed 
could  not  be  operated  over  that  range.  Humidification 
runs  made  with  variable  hquid  rate  showed  that  the  heat 
transfer  was  independent  of  the  water  rate.     This  is  ex- 

»  J.  L.  Keats,  "A  Study  of  Heat  Transfer  and   Diffusion  in  a  Coke 
Tower,"  M.  I.  T.  Thesis,  June  1921. 
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plained  by  the  fact  that  in  adiabatic  humidification  the 
water  remains  at  a  constant  temperature,  and  accordingly 
there  is  no  heat^  transfer  through  the  liquid  film,  thus  elimi- 
nating one  of  the  resistances.  The  increase  in  active  surface 
with  increased  liquid  rate  is  negligible  in  a  packed  tower. 
In  dehumidification  (Fig.  4)  the  equation 


ha„ 


1 
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Ro  +  Ri. 


1 


+ 


1 


1.20  + 0.42  G   '    (0.000387)  (G)'.»  (L)'" 

was  obtained  within  the  experimental  limits  of  7.1  to  22.1 
lbs.  of  dry  air  per  sq.  ft.  per  min.  and  9  to  43  lbs.  of  water 
per  sq.  ft.  per  min.  Values  of  hao  increased  from  1.2  to 
5.3  and  were  calculated  from  the  sensible  heat  lost  by  the 
air.  The  latent  heat  transfer  accompanying  the  condensa- 
tion and  diffusion  of  water  vapor  into  the  liquid  should  not 
be  considered  here,  as  this  part  of  the  process  is  actually 
a  diffusion  of  material  rather  than  of  heat.  This  equation 
checks  up  the  predicted  results  fairly  weU  and  shows  that 
both  gas  velocity  and  water  rate  have  an  effect  upon  the  hquid 
film  resistance.  The  limits  of  temperatures  used  did  not  allow 
for  an  appreciable  variation  in  viscosity,  and  therefore  this 
variable  does  not  appear  in  the  results. 

These  results  show  clearly  that  the  coefficient  for  humidi- 
fication is  always  greater  than  that  for  dehumidification 
at  the  same  water  and  gas  velocities.  This  is  explained 
by  the  additional  liquid  film  resistance  encountered  in  the 
latter  case. 

The  twenty-five  runs  made  on  this  tower  checked  up  the 
relationship  ha/ka  =  s  within  an  average  deviation  of  15 
per  cent.  The  results  were  obtained  with  air  velocities 
much  higher  than  those  used  in  commercial  operation,  and 
therefore  the  power  required  to  force  air  through  the  tower 
was  excessive. 

MCLAURiN  GAS  SCRUBBER — Experiments'  were  carried 
out  on  an  installation  of  this  standard  apparatus  in  order 
to  study  humidification,  dehumidification,  and  acetone 
absorption.  For  humidification  the  effect  of  gas  velocity 
is  expressed  by  the  equation 


in  which  G  varies  from  3.5  to  15.3  lbs.  of  dry  air  per  min. 
per  sq.  ft.  maximum  cross  section  and  haa  varies  from  0.25 
to  1 .  10.  The  water  rate  was  held  constant  at  100  lbs.  per 
sq.  ft.  per  min.  This  agrees  in  theory  with  the  results 
obtained  on  the  coke  tower,  but  the  heat  transfer  values 
are  lower  for  the  McLaurin  apparatus  because  the  active 
area  of  contact  per  unit  volume  is  smaller  in  the  latter. 
The  effect  of  water  rate  in  this  case  is  found  to  be 

'0.61  L 
««H  -  L  +  14.0 

at  7 .  58  lbs.  of  dry  air  per  sq.  ft.  per  min.  L  varied  from  3 . 4 
to  117  lbs.  of  water  per  sq.  ft.  per  min.  and  haa  varied 
from  0.12  to  0.54.  This  equation  shows  that  increased 
water  rate  increases  the  heat  transfer  coefficient  as  a  hyper- 
bolic function,  i.  e.,  rapidly  at  low  liquor  rates  and  less 
rapidly  at  higher.  This  is  to  be  expected  in  this  type  of 
equipment,  owing  to  the  change  in  active  surface  under 
varying  water  rate. 

In  dehumidification  the  effect  of  gas  velocity  on  the  heat 
transfer  was  found  to  be  a  hyperbolic  function 

""d        g  +9.07 

at  98  lbs.  of  water  per  sq.  ft.  per  min.  The  limits  of  G 
were  2.8  to  13.0  lbs.  of  dry  air  per  sq.  ft.  per  min.  and  hao 

•  M.  B.  Littlcfield,  P.  C.  Merrill  and  C.  C.  .Stewart,  M.  I.  T.  Thesis, 
May    1921. 


from  0.18  to  0.60.  This  equation  shows  that  the  addition 
of  the  liquid  film  resistance  has  cut  down  the  over-all  heat 
transfer.  The  effect  of  water  rate  in  this  case  is  also  a 
hyperbolic  function 

0.53  L 
""d  ~  L  +  12.1 

with  L  varying  between  13.8  and  110  lbs.  of  water  per  sq. 
ft.  per  min.  and  han  varying  from  0.30  to  0.48.  The  form 
of  this  equation  is  similar  to  those  obtained  above  and  in- 
dicates that  water  rate  probably  affects  the  active  surface 
exposed.  The  results  obtained  on  this  gas  scrubber  seem 
to  indicate  that  the  heat  transfer  varies  inversely  as  the  vis- 
cosity of  the  water,  but  positive  proof  of  this  fact  was  not 
obtained. 

All  of  the  runs  on  humidification  and  dehumidification 
checked  up  the  relationship  ha/ka  =  s  as  well  as  the  results 
obtained  on  the  coke  tower.  In  the  nine  runs  on  acetone 
absorption  the  concentration  of  acetone  in  the  entering  air 
was  varied  from  0.03  to  0.20  per  cent  by  volume,  and  the 
apparatus  was  run  with  8.43  lbs.  of  air  per  sq.  ft.  per  min. 
and  98  lbs.  of  water  per  sq.  ft.  per  min.  The  average  value 
of  k'a  was  0.0037  lb.  of  acetone  per  cu.  ft.  per  min.  per  mm. 
mercury  pressure  difference.  In  order  to  compare  this  value 
with  ha  for  water  vapor,  the  former  had  first  to  be  converted 
to  the  basis  of  ka: 

ka   =  0.0037  X  H  X  760   =   1.40  lbs.  acetone  absorbed  per 
58 
min.  per  cu.  ft.  per  lbs.  of  acetone  per  lb.  of  carrier, 

and  then  multipUed  by  the  square  root  of  the  ratio  of  the 
molecular  weights  of  acetone  and  water  to  account  for  the 
difference  in  diffusional  velocities  of  the  two  solutes.    In 

V58" 
—  =  2.52  (the  calculated  value  of  ka  for 

water)  which  checks  up  ha/ka  ~  s  within  1  per  cent,  using 
the  /joh  obtained  in  humidification  under  the  same  conditions, 
and  within  20  per  cent  using  the  heat  transfer  coefiicient 
for  dehumidification. 

PLATE    COLUMN    FOR    ABSORPTION    OF    AMMONIA — Reynolds 

and  Sanders'  continued  an  investigation  started  by  one 
of  the  authors  on  the  absorption  of  ammonia  by  one  plate 
of  a  copper  rectifying  column.  This  plate  had  an  area  of 
2  sq.  ft.  and  the  chamber  was  10  in.  high,  giving  an  effective 
volume  of  1.67  cu.  ft.  Five  bubbling  caps,  each  3.5  in. 
in  diameter  and  2  in.  high  and  provided  with  40  vertical 
slots  Vs  in.  long  were  placed  on  the  plate,  and  runs  were 
made  to  determine  the  effect  of  air  velocity,  flow  of  water, 
water  level,  concentration  of  inlet  gas,  and  the  addition  of 
a  second  plate  in  series. 

The  results  showed  that  k'a  was  directly  proportional  to 
air  velocity,  and  that  it  increased  only  slightly  with  in- 
creasing water  rate.  Water  level  (varying  between  1.5 
and  4  in.),  concentration  of  inlet  gas,  and  addition  of  a  second 
plate  had  no  effect  at  all  on  the  specific  absorption  coeffi- 
cient.   The  final  equation 

k'a  =  0.00114  G  (1  +  0.017  L) 

covers  a  range  of  velocity  from  1  to  3  lbs.  of  air  and 
from  3  to  19  lbs.  of  water  per  min.  per  sq.  ft.  of  plate,  with 
k'a  values  ranging  from  a  minimum  of  0  001 1  to  a  maximum 
of  0.0045  lb.  of  ammonia  absorbed  per  min.  per  cu.  ft. 
per  mm.  mercury  driving  potential. 

The  important  conclusions  from  this  work  are  (1)  that 
for  this  equi{)inent  operating  with  ammonia  and  water 
at  nearly  constant  temperature,  gas  velocity  is  the  only 
variable  exerting  a  marked  effect,  as  predicted  by  theory, 

'  "The  Absorption  of  Gases  by  Liquids,"  M.  T.  T.  TUesis,  May  1920. 
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(2)  that  liquor  rate  increases  the  coefficient  only  by  creating 
greater  turbulence  and  causing  more  uniform  mixing,  and 

(3)  that  since  the  coefficient  is  constant  at  varjdng  liquor 
levels  on  the  plate,  a  large  part  of  the  absorption  must  take 
place  in  the  spray  above  the  main  body  of  the  liquor.  In- 
deed, it  seems  probable  that  increased  gas  velocity  helps 
absorption  chiefly  by  causing  a  greater  spray  formation. 

ABSORPTION     OF     AMMONIA    IN    A     LABORATORY     BUBBUNG 

DEVICE — Harrop  and  Carlson'  constructed  a  glass  appa- 
ratus for  absorbing  ammonia  in  which  a  dilute  ammonia 
gas  mixture  bubbled  up  through  a  4-in.  Biichner  funnel 
into  water  which  was  fed  and  discharged  from  the  apparatus 
at  a  constant  rate.  They  studied  the  effect  of  air  velocity 
and  of  concentration  of  ammonia,  obtaining  the  same  sort 
of  results  as  found  in  the  work  on  the  plate  column,  i.  e., 
the  coefficient  varied  directly  wth  gas  velocity  and  was 
unaffected  by  changes  in  concentration.  The  effective 
volume  of  their  bubbler  was  about  0.045  cu.  ft.,  and  with 
gas  velocities  from  0.4  to  0.9  lb.  of  air  per  sq.  ft.  per  min. 
the  values  of  k'a  increased  from  0.0012  to  0.0028  follomng 
the  equation 

k'a  =  0.0037  G. 

These  results  serve  to  check  the  effect  of  gas  velocity  in 
bubbling  equipment.  It  will  be  noted  that  the  above  equa- 
tion gives  values  of  k'a  higher  than  those  obtained  in  the 
equation  for  the  rectifying  colunm  at  the  same  gas  velocity. 
This  is  due  to  the  fact  that  the  bubbler  construction  gave 
more  surface  area  for  interaction  and  hence  had  more  ab- 
sorption capacity  per  unit  of  volume. 

CENTRIFUGAL.  SPR.\Y  CHAMBER — The  Writers  were  per- 
mitted the  use  of  some  unpublished  data  on  the  operation 
of  a  centrifugal  spray  chamber,  and  have  calculated  the  heat 
transfer  and  absorption  coefficients  obtained  in  the  two  series 
of  tests.  The  rxms  were  made  with  varying  gas  and  liquid 
velocities.  In  the  first  set  the  chamber  was  used  to  cool 
hot  condenser  water  with  air  and  in  the  second  set  to  ab- 
sorb anmionia  from  air  with  water. 

The  exact  equations  cannot  be  stated  because  of  the  con- 
fidential nature  of  these  data,  but  the  effect  of  gas  velocity 
was  considerably  less  than  in  the  case  of  packed  towers 
or  of  bubblers  and  of  the  general  nature  exhibited  in  the  air- 
conditioning  chamber  discussed  later.  The  general  design 
of  the  apparatus  makes  this  result  reasonable,  since  the 
liquid  is  in  the  form  of  an  unsupported  spray  of  droplets. 
Increased  water  rate  raised  the  coefficient  rapidly  at  the  start, 
but  no  further  increase  could  be  observed  after  a  certain 
limit.  Above  this  limit  a  greater  rate  merely  formed  larger 
drops  without  appreciably  increasing  the  surface  of  contact. 

The  most  important  conclusion  from  these  data  is  obtained 
by  comparing  heat  transfer  in  the  first  set  with  absorption 
of  ammonia  in  the  second  with  other  conditions  constant. 
The  calculated  value  of  ha/ka  differs  from  the  humid  heat 
of  the  gas  by  about  30  per  cent,  which  further  checks  the 
vaUdity  of  th^  relationship  between  heat  transfer  and  ab- 
sorption. 

AIR-CONDITIONING  CHAMBERS— Tests  wcie  run  on  hu- 
midifying and  dehumidifying  air  in  three-stage  and  four- 
stage  horizontal  conditioning  chambers  with  varying  air 
velocities.  Each  stage  was  9  sq.  ft.  in  area  and  7  ft.  long, 
and  was  equipped  with  nozzles  spraying  a  constant  amount 
of  water  at  constant  pressure  against  the  air  stream  (details 
of  construction  confidential).  The  first  stage  of  the  series 
acted  as  a  humidifier  and  the  others  as  dehumidifiers,  with 
water  recirculating  through  the  sprays  and  feeding  from  one 
chamber  to  the  next  countercurrent  to  the  flow  of  the  air. 

The  results  of  this  work  show  the  effect  of  gas  velocity 
on  heat  transfer  and  a  comparison  of  humidification  and  de- 

•  "A  Study  of  the  Rate  of  Gas  Absorption,"  M.  I.  T.  Thesis,  May  1920. 


humidification  under  similar  conditions.  As  stated  under 
the  discussion  of  packed  towers,  the  resistance  to  heat  flow 
in  adiabatic  humidification  is  due  solely  to  the  gas  film, 
since  the  water  remains  at  a  constant  temperature.  For  this 
case 

//OH  =  4-  =  0.64  +  0.037  G. 
In  dehumidification 

'""'  -    Rr  +  Ri.   -  11- 

0.64  -I-  0.037  G    +   0.35  +  0.0040  G 

The  values  of  hoa  are  from  1 . 4  to  2.3  and  of  kan  from  0 .  33 
to  0.43  with  air  velocities  increasing  from  20  to  45  lbs.  of 
airjper  sq.  ft.  per  min.  A  plot  of  ha  against  gas  velocity 
showing  one  line  for  humidification  and  another  for  de- 
humidification would  be  similar  in  general  nature  to  the  one 
already  presented  for  the  results  on  the  coke  tower.  Ref- 
erence to  Fig.  3  shows  that  air  velocity  has  only  a  slight 
effect  on  heat  transfer  in  this  equipment. 

SlGOTFICANCE   OF  RESULTS 

In  summarizing  the  results  of  this  investigation  the  fol- 
lowng  facts  are  to  be  noted.  The  treatment  suggested 
for  liquid-gas  interactions  has  been  checked  up  by  experi- 
mental data  obtained  from  various  types  of  laboratory 
and  commercial  equipment  and  has  been  found  to  apply 
in  all  the  cases  studied.    The  general  formulas 

f.=  .aVAT 

— r—  =  kaV  Ap 

de 

show  that  the  rate  of  transfer  varies  directly  with  the  active 
volume  and  the  driving  potential.  The  effect  of  other 
variables  is  accounted  for  by  changes  in  the  transfer  coeffi- 
cients ha  and  ka.  These  coefficients  are  mainly  influenced 
by  the  type  of  equipment.  In  addition,  for  any  specified 
unit  the  coefficients  will  vary  with  operating  conditions  such 
as  gas  velocity,  liquor  rate,  temperature,  etc.  Of  these 
operating  variables  gas  velocity  has  shown  the  most  marked 
effect  in  all  cases  which  have  been  studied. 
p  The  following  table  gives  the  value  of  transfer  coefficients 
obtained  on  some  of  the  important  types  of  equipment 
under  the  stated  conditions. 

Coefficients  for  Various  Types  of  Equipment 

Gas  Vel.         Water  Rate 
ha  (Lbs./Sq.Ft.  (Lbs./Sq.Ft. 

Apparatus  (Dehumid.)         k'a  /Min.)  /Min.) 

Coketower 2.20  0.0072  12  20 

McLaurin  gas  scrubber.  0.57  0.0019  12  100 

Spraychamber 0.29         (0.00095)  12  20 

Plate'column (5.50)         0.0183"  12  20 

Laboratorylbubbler (13.7)  0.045'  12  0.5 

'  Extrapolated  value.     CoefiBcients  given  in  parentheses  were  obtained 
by  using  ha/ka  =  s. 

In  applying  this  method  for  designing  absorption  or  heat 
transfer  equipment  it  is  obvious  that  the  specific  transfer 
coefficients,  ha  and  ka,  are  not  the  only  criteria  to  be  con- 
sidered. From  an  economic  standpoint  factors  such  as 
investment,  labor,  repairs,  and  power  have  a  vital  bearing. 
For  example,  it  is  impracticable  to  operate  coke  towers  at 
very  high  gas  velocity  merely  to  obtain  good  absorption, 
since  the  increased  friction  drop  through  the  system  makes 
power  costs  prohibitive.  It  is  therefore  hoped  that  a  con- 
tinuation of  the  present  work  ^vill  modify  the  method  of 
treatment  and  eventually  allow  transfer  coefficients  to  be 
expressed  per  unit  of  cost. 

The  value  of  the  method  in  its  present  form  is  twofold. 
First,  it  shows  how  a  change  in  the  operating  variables  will 
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affect  the  capacity  and  efficiency  of  a  definite  industrial  unit. 
In  the  second  place,  it  helps  the  engineer  to  design  new  equip- 
ment and  to  predict  the  performance  of  a  given  type  of 
apparatus  on  any  heat  transfer  or  absorption  problem  from 


data  obtained  in  operating  tests  on  the  same  type  of  machine. 
The  theory  is  based  on  the  fundamental  principles  of  heat 
transfer  and  absorption,  and  serves  to  correlate  and  classify 
the  performance  of  apparatus  designed  for  these  purposes. 


The  Colloid  Content  of  Vegetable  Tanning  Extracts' 

With  Attempts  to  Correlate  Astringeney  with  the  Potential  Difference  of  the  Particles 

against  the  Aqueous  Phase 

By  Arthur  W.  Thomas'  and  Stuart  B.  Foster 

Columbia  Univbrsiiy,  Nsw  York,  N.  Y. 


As  recorded  in  the  following  paper,  measurement  of  the  po- 
tential differences  of  certain  vegetable  tanning  extracts  shows  that 
the  order  of  these  values  is  approximately  the  same  as  the  order 
of  their  degrees  of  astringeney.  The  potential  difference  increases 
with  dilution  of  the  extract,  decreases  with  rising  acidity,  and  is 
increased  by  dialysis  of  the  extract.  These  simple  manipulations 
suggest  possibilities  for  a  more  intelligent  use  of  these  extracts 
in  vegetable  tanning. 

Precipitation  tests  were  made  on  the  extracts  with  various  elec- 
trolytes. The  conduct  of  the  extracts  shows  that  there  is  a  large 
amount  of  colloidal  matter  present,  that  it  belongs  to  a  type  of  dis- 
persion with  properties  between  the  intermediate  and  hydrophilic 
dispersions,  and,  hence,  that  the  measurements  reported  in  the 
first  part  of  the  paper  are  justified. 

From  the  colloidal  point  of  view,  vegetable  tanning  extracts  con- 
stitute an  unexplored  field,  and  the  authors  believe  that  the  precipi- 
tation graphs  included  in  this  article  will  prove  of  value  when  in- 
terpreted in  the  light  of  future  research. 

ASTRINGENT  properties  of  vegetable  tanning  ex- 
tracts vary  enormously,  generally  depending  upon 
the  source  of  the  extract.  If  the  fundamental 
reason  for  this  variation  could  be  discovered,  rapid  progress 
would  be  effected  in  the  use  of  various  extracts  in  vegetable 
tanning.  It  would  be  possible  by  varying  the  astringeney 
of  a  given  extract  by  simple  chemical  treatment  to  render 
an  extract  suitable  for  any  process,  thus  avoiding  the  em- 
plojrment  of  a  given  extract  or  mixture  of  extracts  for  making 
a  given  kind  of  leather. 

The  simple  theory  of  vegetable  tanning  proposed  by 
Procter  and  Wilson*  is  based  on  a  mutual  neutrahzation 
of  the  opposite  electrical  charges  of  the  colloidal  tannin 
particles  and  the  hide  colloids.  If  this  theory  is  correct 
the  electrical  charge  of  the  tannin  particles  should  be  greater 
for  an  astringent  extract  than  for  a  mild  one. 

The  authors  have  endeavored  to  determine  the  potential 
difference  of  the  tannin  particles  in  various  vegetable  ex- 
tracts against  the  aqueous  phase,  i.  e.,  the  difference  in 
potential  of  the  negative  electri(\il  charges  on  the  particles 
against  the  positive  charges  of  the  ions  in  the  water  imme- 
diately in  contact  with  the  particles. 

Apparatus 

The  method  used  for  the  determination  was  the  U-tube 
electrophoresis  technic  as  described  by  Burton.^ 

'  Presented  befoA  the  Section  of  Leather  Chemistry  at  the  62nd  Meet- 
ing of  the  American  Chemical  Society,  New  York,  N.  Y.,  September  6 
to   10,    1921. 

'  Published  as  Contribution  No.  3.S3  from  the  Chemical  Laboratories 
of   Columbia    University. 

"  Assistant    Professor. 

<  J.  Chcm.  Hoc,  109  (19l«),  1327. 

'  "Physical    Properties  of   Colloidal   Solutions,''    Chaptt-r   VII    (191(i). 


The  U-tube  had  limbs  about  20  cm.  in  length  and  2  cm. 
in  diameter.  The  lower  half  of  each  limb  was  graduated 
in  fifths  of  centimeters,  from  0  at  the  top  to  10  cm.  at  the 
lower  portion.  In  the  bottom  of  the  bend  of  the  U-tube 
was  sealed  a  delivery  tube  with  stopcock,  bent  upward 
and  ending  above  the  upper  levels  of  the  limbs  in  a  funnel, 
for  the  purpose  of  filling  the  tube  with  the  solution.  The 
platinum  electrodes  were  sections  of  cylinders,  not  spirals 
as  used  by  Burton. 

Before  operating,  the  effective  distance  through  the  bend 
of  the  tube  was  measured,  so  that  the  potential  gradient 
per  centimeter  could  be  calculated.  The  conductivities 
of  known  columns  of  0.02  M  KCl  solution  through  the  gradu- 
ated portions  of  the  tube  were  determined,  and  the  conduc- 
tivity between  the  lowest  graduated  marks  on  each  limb 
through  the  bend  was  compared  with  these  values.  The 
effective  distance  through  the  bend  was  found  to  be  9.9  cm. 

The  conductivities  of  the  solutions  of  all  extracts  were 
determined  in  the  usual  type  of  Wheatstone  bridge  apparatus 
with  a  Freas  conductivity  cell.^  Solutions  of  potassium 
chloride  of  the  same  conductivity  were  superimposed  upon 
the  columns  of  the  extract  in  the  U-tube.  The  concentra- 
tions of  chloride  required  for  given  conductivities  were  based 
upon  the  figures  of  Noyes  and  Falk,'  and  were  obtained 
by  plotting  their  specific  conductance  values  against  con- 
centration of  potassium  chloride.  When  the  conductance 
of  a  tanning  solution  was  obtained  the  corresponding  con- 
centration of  potassium  chloride  was  found  by  merely  read- 
ing from  the  curve  of  Noyes  and  Falk's  data. 

All  measurements  of  conductivity  and  electrophoresis 
were  made  at  25°  ±0.005°  C.  by  submerging  the  cells 
and  tubes  in  a  large  Freas  water  thermostat  which  contained 
80  gal.  of  water  at  the  temperature  stated. 

Method 

The  potassium  chloride  solution  of  the  same  conductivit\- 
as  the  extract  to  be  studied  was  poured  through  the  funnel 
and  allowed  to  flow  into  the  bend  of  the  U-tube.  The  stop- 
cock was  closed,  the  excess  chloride  remaining  in  the  delivery 
tube  was  removed,  and  the  delivery  tube  was  filled  with  the 
tanning  extract.  By  gradually  opening  the  stopcock, 
the  extract  was  allowed  to  flow  very  slowly  into  the  bend 
so  that  it  would  not  mix  with  the  layer  of  potassium  chloride 
solution.  The  final  result  was  a  U-tube  filled  through 
the  bend  and  up  the  limbs  with  extract,  with  a  2-cm.  layer 
of  potassium  chloride  solution  on  top  of  each  column.  By 
careful  manipulation,  the  interfaces  between  colloidal  dis- 
persion and  electrolyte  solution  were  fairly  sharp. 

The  platinum  electrodes  were  carefully  inserted,  both  to 
the  same  level,  aiul  suhmorgod  in  the  i)otassium  chioriile 

•  Elmer  and  Amend,  1920  CataloK,  No.  5202. 
'>  J.  Am.  Chem.  ioc,  34   (1912),  454. 
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solution,  not  coming  in  contact  with  the  tanning  solution. 
The  tube  was  then  immersed  in  the  water  bath,  and  the 
electrodes  were  connected  with  a  11 5- volt  direct  house 
current. 


jW_        jil_    M_  _M_  _^   jH  ^  ^  M^  ^ 

?00      133   100  SO  25  20  10  5    4  Z 

COmENTRATION  OF  EUCTROL  YTE 
Fig.  1 


The  current  was  passed  for  5  min.,  reversed,  and  passed 
an  additional  5  min.,  in  order  to  flatten  the  interfacial  sur- 
faces. The  current  was  then  passed  through  for  20  min., 
and  the  displacement  noted  during  this  period.  From  the 
values  obtained  the  velocity  of  migration  could  be  calculated. 

The  potential  differences  of  the  double  layers  of  the  par- 
ticles were  calculated  by  means  of  the  well-known  formula 
of  Lamb,'  as  applied  by  Burton:' 


P.  D.   = 


4  7r7)z>(300)° 
KX 


where  P.  D.  =  Potential  difference  in  volts. 

t;  =  Viscosity   of   dispersion   medium    (in    this   case 

water  at  25°  =  10.2  X  IQ-^). 
»  =  Velocity  of  migration  in  cm.  per  sec. 
K  =  Dielectric   constant  of  dispersion   medium    (K 

of  water    =    80). 
X  =  Potential  drop  in  volts  per  cm. 

Materials 

The  vegetable  tanning  agents  Hsted  in  Table  I  were  kindly 
analyzed  and  supplied  by  Mr.  John  Arthur  Wilson. 

For  the  electrophoresis  measurements,  the  concentrations 
of  tanning  solutions  were  such  that  they  contained  1  per 
cent  tannin  according  to  the  above  analyses,  and  the  so- 
lutions were  centrifuged  for  5  min.  to  remove  coarse  sus- 
pended matter.  The  tannin  percentages  were  determined 
by  the  A.  L.  C.  A,  official  method.  They  are  merely  arbi- 
trary values  which  are  used  for  purposes  of  commercial 
evaluation  of  vegetable  extracts  and,  as  shown  by  Wilson 
and  Kern,'"  do  not  represent  the  true  values.  When  this 
work  was  commenced,  however,  they  were  the  best  figures 
available.  Actually,  with  the  exception  of  quebracho  and 
osage  orange,  the  solutions  all  contained  about  4  g.  total 
soUds  per  100  cc. 

Results 

All  the  experimental  data,  accumulated  over  a  2-yr. 
period,  cannot  be  recorded  here.  The  following  results 
are  typical: 

«  Phil.  Mag.,  1888,  60. 
'Ihid,  11  (1906),  425,  472. 
"This  Journal,  12  (1920).  465. 
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Table  I — Materials  Used 

Vol.  14, 

No.  3 

Water 
22.82 
52.58 

48:49 

9.30 

9.39 

51.32 

52.00 

51.41 

52.78 

54.39 

7.30 

51.11 

46.08 

62.64 

23.77 

Insol. 

Matter 
7.73 
6.21 

l6!22 
34.70 
45.39 
2.19 
2.46 
5.45 
2.59 
1.76 
6.81 
0.86 
3.44 
2.66 
3.06 

. Soil 

Nontanni 

6.30 

18.36 

17;51 
26.00 
18.33 
22.77 
19.89 
21.04 
17.05 
18.10 
23.20 
23.86 
22.22 
8.09 
18.63 

Solid  quebracho  extract...  . 

Hemlock  bark  extract 

Hemlock  bark  (Wis.) 

D  Tannin 
63.15 
22.85 

23^78 
30.00 
26.89 
23.72 
25.65 
22.10 
27.58 
25.75 
62.69 
24.17 
28.26 
26.61 
54.54 

Ash 

0.58 

1.19 

sisi 

23  40 

9.40 

4.11 

Chestnut  oak  bark  extract 

Larch  bark  extract 

Oak  bark  extract  1 

Oak  bark  extract  2 

Aurantine  (osage  orange) . 
Black  oak  bark  extract.  . 
Quercitron  bark  extract. . . 
Bengal  cutch  extract 

1.51 
1.13 
1.56 
1.38 
2.81 
3.00 
2.46 
1.48 
5.49 

;ft  Limb 

Anode 

Cm. 

Right  Limb 

Cathode 

Cm. 

Time 
Min. 

7.8 
7.6 

8.0 
8.35 

0 
20 

Table  II — Electrophoresis  op  Cubb  Gambier 
4  g.  dry  gambier  extract  per  100  cc;  both  electrodes  set  at  5-cm.  mark 
Levels  of  Gambier  Solution 

Displacement 

Cm. 

Up    0.2 

Down  0.35 

Av.  0.275  in  1200  sec. 
Average  voltage  through  19.9  cm.   =    114.3 
.'.  Potential  gradient  =    5.74  volts  per  cm. 
P.  D.    =    -0.005  volt' 
1  Negative  because  particles  migrated  to  anode. 


Table  III — Electrophoresis  of  Quebracho 
4  £.  dry  quebracho  per  250  cc;    both  electrodes  at  5-cm.  mark 
Levels  of  Quebracho  Solution 
Left  Limb        Right  Limb 
Anode  Cathode 

Cm.  Cm. 

7.8  7.75 

6.4  9.1 

Average  voltage  through  19.9  cmi 
.".  Potential  gradient  =  5.83  volts  per  cm. 
P.   D.    =    -0.028  volt 

It  will  be  noted  ia  the  electrophoresis  of  gambier  that 
the  displacement  downward  at  the  negative  pole  was  greater 
than  the  upward  movement  toward  the  positive  pole.  This 
phenomenon  is  noted  in  the  electrophoresis  of  all  colloids. 
Burton  referred  to  this  effect  in  the  electrophoresis  of  inor- 
ganic coUoids  as  the  "settling  of  the  colloid."    It  is  an  error. 


Time 
Min. 

Displacement 
Cm. 

0 

20 

Up    1.40 
Down  1.35 

Av.  1.37  in  1200  sec. 

9  cm. 

=    116.2 

^ 


^ 


I 

s 


M  Af  M  ^         J}!L  M.         JH.  jut         pu    ^i/j 

200      100       50  ZO        10  4  2 

CONCENTRATION  OF  ELECTROLYTE 
Fig.  2 

however,  that  cannot  be  lightly  turned  aside.  Unpublished 
results  from  this  laboratory  on  the  electrophoresis  of  iron 
oxide  hydrosols  show  a  downward  displacement  as  much  as 
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five  to  ten  times  as  great  as  the  upWard  displacement,  de- 
pending on  the  concentration  of  the  hydrosol.  It  is  evident 
that  this  effect  throws  great  doubt  upon  all  the  absolute 


meant  about  4  g.  total  solids  per  100  cc,  except  in  cases 
of  quebracho  (2  g.  per  125  cc.)  and  osage  orange  (1.6  g. 
per  100  cc). 


^   *L  ^  ^      

S)o\mli-*xi  .vo!se!oo    133100         50  20  IS 

m  M  CONCENTRATION  OT  aCCTROLYTE. 

Fio.  3 


values  of  electrical  charge  of  colloids  that  are  found  in  the 
literature.  In  a  recent  article,  Burton"  promises  an  investi- 
gation of  this  "settling,"  which  he  attributes  to  the  action 
of  gravity  accelerating  the  downward  electrophoresis  and 
retarding  the  upward  movement. 

The  slightly  greater  upward  movement  noted  in  the 
particular  quebracho  experiment  recorded  was  obtained 
with  a  number  of  extracts,  and  is  probably  due  to  a  repre- 
cipitation  at  the  anode  of  some  of  the  constituents  of  the 
liquor  which  were  dissolved  by  the  cathodic  reaction  in 
that  limb  of  the  U-tube  during  the  preliminary  5-min.  passage 
of  the  current  in  the  reverse  direction. 

As  a  result  of  the  effects  of  oxidation  and  reduction,  as 
well  as  of  formation  of  acid  and  alkali  in  the  cathode  and 
anode  limbs,  with  the  resulting  dissolution  and  reprecipi- 
tation  of  some  of  the  constituents  of  the  tanning  extract 
solutions,  it  was  not  always  easy  to  tell  just  what  was  the 
electrophoresis  displacement.  The  authors  were  obUged  to 
make  many  preUminary  experiments  before  they  felt  that 
they  had  one  whose  value  they  would  care  to  publish.  The 
behavior  was  not  alike  for  any  two  extracts. 

It  is  evident  that  the  values  which  are  given  below  for 
the  electrical  charges  of  the  tannin  particles  are  not  abso- 
lutely correct.  They  are,  however,  not  much  more  doubtful 
than  the  many  pubUshed  values  obtained  by  electrophor- 
esis. The  authors  do  not  attempt  to  calculate  the  values 
of  the  electrical  charges  per  colloidal  particle  because  such 
calculation  involves  the  sizes  of  the  particles.  It  is  impossi- 
ble to  determine  the  sizes  of  colloidal  particles  by  any  method 
known  at  the  present  time  and  we  are  obhged  to  be  content 
with  values  for  the  potential  difference  of  the  Helmholtz 
double  layer  only.  The  authors  wish  to  emphasize  the  point 
that  the  published  values  for  absolute  electrical  charges 
on  colloidal  particles  are  worthless,  on  account  of  the  lack 
of  a  means  for  measurement  of  the  sizes  of  colloidal  particles. 

RELATION  BETWEEN  P.  D.  AND  ORDER  OF  CONDUCTIVITIES — 

The  values  obtained  for  the  potential  differences  of  the 
particles  against  the  aqueous  phase  are  listed  in  Table  IV, 
together  with  the  order  of  the  conductivities.  All  the  ex- 
tracts showed  anodic  migration.  Tlio  concentration  in 
all  the  solutions  was  such  as  to  give  1  per  cent  tannin,  which 

"  Froc.  Roy.  Soc.  London,  96A  (1010),  480. 


Increasing  Potential 

Difference 

Volt 

Gambier  (cube) 

-0.005 

Oak  bark  2 

-0.009 

Chestnut  wood 

-0.009 

Hemlock  bark  (Wis.) 

-0.010 

Sumac 

-0.014      ■ 

Larch  bark 

-0.018 

Osage  orange 

-0.018  (?) 

Quebracho 

-0.028 

TaBI,E   IV POTBNTIAL    DiFPBKBNCBS    AND    OrDBR    Olf   CONDUCTIVlTIItS 

Decreasing 
Conductivity 
Sumac 
Gambier 
Oak  bark 
Larch  bark 
Hemlock  bark 
Chestnut  wood 
Osage  orange 
Quebracho 

The  value  for  osage  orange  is  the  only  one  concerning 
which  there  is  any  great  uncertainty. 

According  to  the  theory  that  the  combination  of  tannin 
with  hide  substance  is  a  function  of  the  electrical  charge 
of  the  particles,  the  most  drastically  acting  extract  would 
be  quebracho,  and  the  mildest  would  be  gambier,  according 
to  the  above  values  of  the  P.  D. 

By  comparison  with  the  conductivity  series,  it  is  evident 
that  while,  in  general,  the  more  highly  conducting  extracts 
have  the  lower  P.  D.  values,  there  are  exceptions  to  this 
rule,  so  that  it  is  apparent  that  the  magnitude  of  the  elec- 
trical charge  is  a  function  of  the  kind  as  well  as  the  amount 
of  nontannins  present,  as  is  to  be  expected. 

Table  V — P.  D.  op  Quebracho  Extract 

Concentration  P.  D. 

G.  Dry  Solids  in  260  cc  Volt 

8  -0.024 

4  -0.028 

2  -0.029 

1  -0.030 

RELATION      BETWEEN     P.      D.      AND      CONCENTRATION — The 

results  obtained  upon  measuring  the  P.  D.  of  a  quebracho 
extract  at  different  concentrations  are  assembled  in  Table  V. 


Aluminum  Sulfate. 
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The  P.  D.  increases  upon  dilution  of  the  extract,  as  is 
to  be  expected  according  to  the  "complex  theory"  of  col- 
loids, since  dilution  decreases  the  concentration  of  electro- 
lyte in  the  outer  layer  surrounding  the  particle  and  permits 
greater  ionization  of  the  peptizing  electrolyte  adsorbed  on 
the  particle. 

RELATION  BETWEEN  P.  D.  AND  ACIDITY — Sincc  the  negative 
charge  on  a  colloid  is  readily  increased  by  the  addition  of 
hydrogen  ion,  such  addition  ought  to  lower  the  P.  D.  of 
a  vegetable  tanning  extract.  The  data  in  Table  VI  show 
that  this  is  true. 
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Tabl,e  VI — Effect  of  Addition  of  Acid 
4  g.  dry  quebracho  extract  per  250  cc. 
.V  HCl  added  per  100  Cc.  P.  D. 


Cc. 

Volt 

0 

1 

1.5 

2.0 

-0.024 

-0.014 

-0.010 

Approx.       0 

0.1 


EFFECT  OF  DIALYSIS — On  the  other  hand,  dialysis  of  ex- 
tracts ought  to  raise  the  P.  D.,  as  a  result  of  the  removal  of 
nontannins  from  the  solution.  Table  VII  describes  the  re- 
sults obtained  by  dialysis  through  collodion  sacs  against 
distilled   water. 


Table  VII — Effect  of  Dialysis 

' Dialysis 

Concentration         Time    Volume  Increase 
Material  G.  per  250  Cc.         Hrs.  to  Cc. 

Quebracho 4  60  415 

Osage  orange' 4  24  370 

Sumac 4  24  460 

Cubegambier 8.2  24  390 

Hemlock  bark 24 

'  A  200-cc.  portion  of  this  solution,  again  dialyzed  for  24 
creased  to  240  cc.     P.  D.  =    -0.036  volt. 


P.  D. 

Volt 
-0.033 
-0.024 
-0.026 
-0.029 
-0.024 
hrs.,  in- 


In  all  cases  the  P.  D.  increased  as  was  expected.  It  is 
true  that  part  of  the  increase  in  P.  D.,  is  attributable  to  the 
dilution  of  the  solution,  but  the  removal  of  the  nontannins 
also  was  a  contributing  factor. 

PRECIPITATION  OF   VEGETABLE  TANNING  EXTRACTS 

The  action  of  vegetable  tanning  extracts  toward  elec- 
trolytes should  throw  some  hght  upon  their  colloidal  nature. 
With  this  idea  in  mind  many  extracts  were  treated  vnth  vari- 
ous electrolytes  in  different  concentrations  and  the  volumes 
of  precipitated  material  were  measured. 

Technic 

Aqueous  dispersions  or  solutions  of  the  extracts  were 
made  up  so  that  100  cc.  of  solution  contained  4  g.  of  total 
solids.  Before  adjusting  to  the  mark,  the  solutions  were 
kept  at  85°  C,  and  cooled  to  25°  C.  before  adjusting  to  vol- 
ume. The  stock  solution  was  then  centrifuged  for  5  min. 
at  about  1000  "times  gravity"  in  order  to  throw  down 
coarse  suspended  matter. 

Twenty-five-cc.  portions  were  placed  in  100-cc.  graduated 
"oil  tubes"  (tubes  tapering  to  a  conical  end).  Equal  vol- 
umes of  electrolyte  solutions  of  varying  concentration  were 


poured  into  each  tube,  allowed  to  stand  for  15  to  30  min., 
since  precipitation  was  not  always  instantaneous,  and  finally 
centrifuged  for  5  min.  at  1000  "times  gravity."  The  volumes 
of  the  precipitates  were  plotted  against  the  concentrations 
of  electrolyte  employed. 

Results 

The  results  may  be  most  conveniently  studied  by  grouping 
them  under  the  various  electrolytes  used.  Each  available 
extract  was  not  tested  with  all  electrolytes  since  in  some 
cases  preliminary  experiments  indicated  that  further  work 
would  be  fruitless. 

MONOVALENT  CATION.  Potassium  Chloride. — Concentra- 
tions of  potassium  chloride  from  0.02  ikf  to  4  Af  gave  only 
negligible  amounts  of  precipitate  with  gambler  and  que- 
bracho. Oak  bark  gave  a  gradually  increasing  salting  out 
effect.  Since  gambler  and  quebracho  represent  extreme 
types  of  tans  no  further  tests  were  made  with  this  salt. 

Hydrochloric  Acid — Concentrations  from  0.01  M  to  6 
M  were  used.  Gambler  and  quebracho  showed  appreciable 
amounts  of  precipitate  only  at  the  highest  concentration 
of  the  acid  and  since  this  was  not  a  simple  coUoid  precipi- 
tation, no  further  experiments  were  attempted.     (Fig.  6.) 

Sulfuric  Acid — Quebracho,  hemlock,  oak  bark,  chestnut 
oak,  and  gambler  gave  progressively  increasing  amounts 
of  precipitate  (salting  out)  with  concentrations  of  acid  from 
0.005  if  to  4  M.  (Fig.  5.)  No  precipitate  was  obtained 
with  sumac  until  molal  acid  was  reached.  Acid  of  this 
concentration  threw  down  gummy  masses,  similar  to  those 
obtained  with  aluminium  sulfate.  At  4  M  concentration 
a  flocculent  precipitate  was  formed. 

Phosphoric  Acid — Gambler  began  to  give  an  appreciable 
precipitate  only  at  4  to  7  M  concentration.  With  sumac 
a  gummy  mass  was  thrown  out  at  2  M,  as  was  observed 
in  the  case  of  suUuric  acid  and  aluminium  sulfate,  and  at 
4  M  to  7  Af  a  flocculent  precipitate  formed  which  left  the 
supernatant  solution  almost  colorless.  A  salting  out  effect 
was  obtained  with  quebracho.     (Fig.  6.) 
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Acetic  Acid — Experiments  with  quebracho,  sumac,  gambler, 
and  oak  bark  were  run  with  concentrations  of  acid  from 
0.005  M  to  4  M.  There  was  no  appreciable  precipitation 
in  any  case.  It  is  of  interest  to  note  that  at  the  higher  con- 
centrations the  suspended  matter  began  to  dissolve  or  pep- 
tize. 

Formic  Acid — Concentrations  from  0.005  M  to  12.5  M 
were  used.    Sumac,  chestnut  oak,  hemlock,  gambler,  larch 
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bark  and  oak  bark  gave  no  precipitation  up  to  4  M.  The 
suspended  matter  began  to  dissolve  or'peptize  at  4  M.  Que- 
bracho and  quercitron  were  precipitated,  but  the  precipitate 
dissolved  at  2  M  to  4  M.     (Fig.  7.) 


L  ACT  I C  ACID- 
FORMICAC/D 
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Lactic  .4 ad— Concentrations  from  0.005  M  to  2  M  were 
employed.  The  effects  of  this  acid  were  similar  in  kind, 
but  not  in  degree,  to  those  with  formic  acid.  (Fig.  7.)  The 
precipitates  with  quercitron  and  quebracho  redissolved 
at  lower  concentrations  of  lactic  acid  than  of  formic  acid. 
Since  lactic  is  the  weaker  acid,  and  also  since  this  redis- 
solving  was  not  found  with  hydrochloric  or  with  sulfuric 
acids,  the  phenomenon  must  be  due  to  chemical  proper- 
ties other  than  concentration  of  hydrogen  ion. 

DIVALENT  CATIONS.  Barium  Chloride — On  account  of 
limitations  of  solubility,  tliis  salt  was  employed  up  to  a  final 
concentration  of  0.5  M.  Progressive  salting  out  occurred 
with  oak  bark,  chestnut  wood,  quebracho,  gambier,  and  hem- 
lock.    (Fig.  1.) 

Calcium  Chloride — Final  concentration  of  2  ilf  was  possible 
with  this  salt.  As  with  barium  chloride,  increasing  amounts 
of  precipitate  were  obtained  with  quercitron,  black  oak, 
quebracho,  gambier,  and  sumac.  At  the  same  concentration 
of  these  salts  the  different  extracts  gave  in  some  cases  less, 
and  in  others  more,  precipitate,  showing  the  presence  of 
substances  reacting  with  barium  and  calcium  ions  to  form 
chemical    compounds    of    different    solubUities.     (Fig.    2.) 

TRivALENT  CATION.  Aluminium  Sulfate — In  the  pre- 
cipitation of  negatively  charged  colloidal  dispersions,  alu- 
minium sulfate  is  not  only  a  powerful  precipitant,  but  it 
also  gives  the  "irregular  series"  or  "tolerance  zone"  which 
is  typical  of  the  action  of  weak  base  cation,  strong  acid  anion 
salts,  as  shown  by  Buxton  and  Teague,'-  and  by  Freundhch 
and  Schucht.'^ 

The  concentrations  of  aluminium  sulfate  used  ranged  from 
0.00125  M  to  0.5  M. 

The  "irregular  series"  effect  was  obtained  with  the  fol- 
lowing extracts:  gambier,  sumac,  Palermo  sumac,  oak  bark 
No.  2,  black  oak  bark,  and  not  so  markedly  with  quercitron. 
Precipitation  set  in  generally  at  0.00125  M  concentration 
of  the  salt,  rose  rapidly  to  a  maximum,  dropped  off  into  a 
"tolerance  zone,"  and  then  started  upward  again.     (Fig.  3.) 

Those  which  gave  no  "irregular  series,"  at  least  up  to 
0.5  M  concentration  of  the  salt,  were:  Osage  orange,  chest- 
nut wood,  chestnut  oak,  hemlock  bark,  larch  bark,  que- 
bracho and  camel  cutuli.  They  began  to  precipitate  at 
0.00125  M,  rising  gradually  to  about  0.1  M  where  there 

"  Z.  physik.  Chem.,  67  (1907),  7r.. 
"Ibid.,  86  (1913),  641. 


was  an  abrupt  upward  trend  similar  to  a  salting-out  effect. 
These  extracts  are  not  so  sensitive  to  precipitation  by  alu- 
minium sulfate  as  the  first  mentioned. 

Bengal  .cutch  is  in  a  separate  category,  since  it  was  un- 
affected by  the  addition  of  aluminium  sulfate. 

Interpretation  of  Results 

The  interpretation  of  the  effects  of  the  several  electro- 
lytes is  masked  by  the  salting  out  and  chemical  precipi- 
tation of  the  molecularly  dispersed  substances  present  in 
addition  to  the  colloidal  tannins.  The  writers  had  hoped 
that  the  order  of  sensitiveness  to  precipitation  by  mono-, 
di-,  and  trivalent  cations  would  help  show  the  order  of  mag- 
nitude of  the  potential  differences  of  the  particles  against 
the  aqueous  phase,  but  the  interference  by  the  large  amounts 
of  molecular  dispersions  of  nontannins  in  salting  out  spoiled 
this  anticipation.  The  presence  of  this  salted-out,  molecu- 
larly dispersed  material  was  shown  in  several  cases  where 
the  coagula  caused  by  the  calcium  and  aluminium  salts 
were  found  to  redissolve  to  a  large  extent  upon  addition  of 
water.    If  it  were  all  gel  substance  it  should  not  be  reversible. 

The  conduct  of  the  extracts  shows  that  there  is  a  large 
amount  of  colloidal  matter  present,  that  it  belongs  to  a  type 
of  dispersion  with  properties  between  the  intermediate  and 
hydrophiUc  dispersions,  and,  hence,  that  the  measurements 
reported  in  the  first  part  of  the  paper  are  justified. 

From  the  colloidal  point  of  view,  vegetable  tanning  ex- 
tracts constitute  an  unexplored  field,  and  the  authors  believe 
that  the  precipitation  graphs  included  in  this  article  will 
prove  of  value  when  interpreted  in  the  Ught  of  further  re- 
search. 
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National  Safety  Council  Census 

It  is  known  that  the  chemical  industry,  because  of  its  inherent 
hazards,  has  always  been  among  the  leaders  in  industrial  safety, 
but  it  has  never  been  definitely  established  how  many  persons  in 
the  chemical  industry  are  engaged  in  accident  prevention  and 
industrial  health  work.  The  National  Safety  Council  is  now 
taking  a  census  of  safety  men  in  the  chemical  industry,  as  well 
as  in  all  other  industries  and  in  public  safety  work. 

When  this  census  is  completed  it  will  give  a  good  indication 
of  the  extent  of  such  work  in  chemical  plants  all  over  the  country, 
and  will  afford  the  first  basis  of  comparison  with  similar  work  in 
other  industries.  The  census  will  include  not  only  members  and 
employees  of  members  of  the  National  Safety  Council,  but  all 
other  persons  engaged  in  safety  and  industrial  health  activities. 
Most  of  the  principal  chemical  plants  are  members  of  the  Coun- 
cil. The  headquarters  of  the  Council  are  at  168  N.  Michigan 
Ave.,  Chicago,  111. 


Associated  Technical  Societies  of  Detroit 

The  Associated  Technical  Societies  of  Detroit,  an  affiliation  of 
the  architectural,  engineering,  and  other  technical  societies  of  the 
city,  has  just  been  organized.  The  Detroit  Section  of  the  Ameri- 
can Chemical  Society  is  one  of  the  members  of  the  association. 

The  paramount  use  of  the  association  to  its  members  and  to 
the  public  is  its  opportunity  for  public  service  for  the  city  and 
for  the  state  of  Michigan.  It  will  take  an  active  interest  in  all 
matters  where  engineering,  architecture,  or  technical  subjects 
are  of  importance.  The  council  will  assist  in  furnishing  definite 
and  accurate  information  to  the  public.  The  association  will 
offer  its  assistance  and  advice  to  city  and  state  officials  whenever 
required.  The  purpose  of  the  association's  activities  is  to  i)ro- 
vide  the  most  reliable  technical  information  for  the  proper  con- 
sideration of  iniblic  iniiMovcmcnts  and  public  undertakings. 
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Determination  of  True  Free  Sulfur  and  True  Coefficient  of 
Vulcanization  in  Vulcanized  Rubber — IT 

By  W.  J.  KeUy2 
Research  Laboratories.  The  Goodyear  Tire  &  Rubber  Co.,  Akron,  Ohio 


The  following  paper  describes  methods  of  analysis  by  means  of 
which  a  more  complete  study  of  the  distribution  of  sulfur  between 
the  carious  ingredients  of  a  rubber  compound  can  be  made.  New 
light  will  also  be  thrown  on  the  mechanism  of  vulcanization  and 
acceleration.  It  is  freely  admitted  that  alcoholic  potash  and  ether- 
hydrochloric  acid  haoe  been  long  known  as  reagents  in  rubber  analy- 
sis, but  their  application  to  the  separation  of  the  different  forms  of 
sulfur,  except  metallic  sulfides,  is  entirely  new. 

If  carried  to  their  ultimate  possibilities,  including  the  use  of 
other  extraction  media,  these  methods  should  be  of  considerable 
help  in  elucidating  the  theories  of  vulcanization. 

N  a  previous  paper,^  it  was  shown  that  the  sulfur  present 
in  \'uleanized  pure  gum  stocks  could  be  divided  into 
four  parts  as  follows: 


I 


A — Sulfur  soluble  in  acetone: 

(1)  True  free  sulfur 

(2)  Combined  with  resins  and  proteins 
B — Sulfur  insoluble  in  acetone: 

(1)  Combined  with  rubber 

(2)  Combined  with  resins  and  proteins 

It  is  at  once  evident  that  this  classification  applies  only 
to  pure  gum  stocks  and  that  if  compounded  stocks  are 
analyzed  there  vnR  be  more  classes  in  B,  while  A  will  remain 
the  same.  If  basic  inorganic  substances  such  as  ZnO  and 
PbO  are  present  there  is  always  some  metaUic  sulfide  formed. 
AH  the  organic  accelerators  react  with  sulfur  during  the 
cure,  giving  rise  to  new  bodies  which  may  or  may  not  be 
soluble  in  acetone. 

The  acetone-soluble  compounds  wiU  not  interfere  in  any 
way  with  the  procedure  described  in  the  previous  paper, 
but  in  the  case  of  the  insoluble  part  an  amplified  classifica- 
tion is  necessary.  The  following  outhne  will  account  for 
aU  of  the  sulfur  in  compounded  stocks  with  the  exception 
of  those  containing  insoluble  sulfates,  such  as  those  of  barium, 
calcium,  or  lead. 

A — Soluble  in  acetone: 

(1)  True  free  sulfur 

(2)  Combined  with  resins,  proteins,  and  accelerators 
B — Insoluble  in  acetone: 

(1)  Combined  with  rubber 

(2)  Combined  with  resins,  proteins,  and  accelerators 

(3)  As  metallic  sulfides 

It  is  evident  that  the  acetone-insoluble  sulfur  combined 
with  resins,  proteins,  and  accelerators  may  be  subdivided 
according  to  the  means  employed  for  its  removal  from  the 
rubber.  Treatment  with  alcoholic  potassium  hydroxide 
wiU  remove  at  least  part  of  the  resin  compounds  and  also 
render  the  proteins  soluble  by  hydrolysis.  The  accelerators 
and  compounds  formed  from  them  during  the  cure  will  also 
be  more  or  less  affected  by  the  alcoholic  potash,  and  espe- 
cially by  the  ether-hydrochloric  acid  which  is  used  to  evolve 
hydrogen  sulfide  from  the  metaUic  sulfides.  According  to 
Bedford  and  Scott^  and  Bruni  and  Romani,'  the  accelerators 
form  mercapto  and  polysulfide  compounds  during  the  cure. 

>  Presented  before  the  Division  of  Rubber  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 
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These  will  aU  be  decomposed  or  rendered  soluble  by  the 
alcoholic  potash  and  ether-hydrochloric  acid  treatments, 
and  the  sulfur  which  they  contain  will  be  removed.  Hence 
sulfur  combined  with  resins,  proteins,  and  accelerators  may 
be  divided  into  two  parts,  one  of  which  is  soluble  in  alcoholic 
potash  and  the  other  in  ether-hydrochloric  acid. 

The  analytical  methods  for  the  separation  of  these  classes 
of  sulfur  are  the  subject  of  this  paper. 

Previous  to  the  development  of  the  alcoholic  potash  treat- 
ment, an  attempt  was  made  to  remove  sulfur  insoluble  in 
acetone  and  not  combined  with  the  rubber  by  dissolving  the 
acetone-exiracted  sample  in  xylene  and  filtering  off  the 
insoluble  part.  The  sulfur  compounds  remaining  on  the 
filter  were  oxidized  and  their  sulfur  content  determined. 
Three  analyses  on  a  stock  which  yielded  0.34  per  cent  sulfur 
upon  the  alcoholic  potash  treatment  gave  0.074,  0.085, 
and  0.0.53  per  cent  of  sulfur  insoluble  in  acetone  and  xylene. 
It  is  entirely  possible  that  the  compounds  of  resins  and  sulfur 
may  dissolve  in  xylene  and  pass  through  the  filter.  The 
protein  products  may  be  insoluble,  but  the  difficulty  of  ob- 
taining a  clean  separation  by  this  method  is  too  great  for 
ordinary  use.  It  was  therefore  abandoned  for  the  alcohoUc 
potash  method,  which  extracted  a  larger  amount  of  sulfur 
and  gave  more  concordant  and  dependable  results. 

Analthcal  Procedure 

METHODS  OF  OXIDATION — The  method  proposed  by  Kratz, 
Flower  and  Coolidge'  gave  the  best  results,  especially  with 
rubbers  containing  large  amounts  of  organic  matter.  The 
sample  was  oxidized  with  a  mixture  of  nitric  acid  and  zinc 
nitrate,  followed  by  bromine  and  potassium  chlorate,  and 
the  solution  was  evaporated  and  baked.  This  method  was 
used  in  the  determination  of  total  and  combined  sulfur. 
The  free  sulfur,  total  acetone-insoluble  suKur,  and  ether- 
hydrochloric  acid-soluble  sulfur  were  oxidized  with  fuming 
nitric  acid-bromine  mixture.  The  hydrogen  sulfide  evolved 
by  ether-hydrochloric  acid  was  collected  and  oxidized  in 
potassium  bromide-bromine  solution,  and  the  oxidation 
was  completed  with  nitric  acid.  The  alcohoUc  potash  ex- 
tract was  oxidized,  first  with  potassium  bromide-bromine, 
then  with  nitric  acid,  in  order  to  avoid  adding  the  acid  to 
soUd  potassium  hydroxide. 

OXIDIZING  SOLUTIONS — Nitric  acid-zinc  nitrate  was  made 
up  by  dissolving  16  g.  of  C.  P.  zinc  in  concentrated  nitric 
acid  and  diluting  to  100  cc.  with  the  acid. 

Fuming  nitric  acid  w^as  saturated  with  Uquid  bromine 
by  shaking  the  two  together. 

The  potassium  bromide-bromine  solution  contained  12 
g.  of  bromide  and  16  g.  of  bromine  per  100  cc. 

TOTAL  SULFUR — A  0.5-g.  Sample  was  treated  with  20  to 
25  cc.  of  nitric  acid-zinc  nitrate  solution,  care  being  taken 
that  the  sample  was  kept  cool  until  it  was  aU  dissolved; 
otherwise  it  was  likely  to  catch  fire.  Ten  cc.  of  the  fuming 
nitric  acid-bromine  mixture  were  added  to  the  solution, 
which  was  heated  tUl  aU  the  bromine  was  evolved.  About 
0.5  g.  of  potassium  chlorate  was  then  added  and  the  solution 
was  evaporated  to  dryness.  The  flask  was  then  heated  to 
a  duU  red  heat  over  a  free  flame,  until  the  zinc  nitrate  had 
entirely  decomposed  and  all  the  organic  matter  had  oxidized. 

*  India  Rubber  World,  61  (1920),  356. 
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After  cooling  the  flask,  its  contents  were  dissolved  in  hydro- 
chloric acid  and  diluted,  and  the  sulfur  was  precipitated  and 
weighed  as  barium  sulfate. 

ACETONE-SOLUBLE.  Total — A  0.5-1.0-g.  sample  was  ex- 
tracted over  night  with  acetone  and  the  solvent  evaporated. 
The  entire  residue  was  oxidized  with  nitric  acid-bromine 
mixture,  followed  by  potassium  clilorate.  The  solution 
was  evaporated  twice  with  a  few  cc.  of  hydrochloric  acid 
to  remove  the  nitric  acid,  dissolved  in  hydrochloric  acid, 
filtered  if  necessary,  and  the  sulfur  precipitated  and  weighed 
as  barium  sulfate. 

True  Free  Svlfur — Another  0.5-1.0-g.  sample  was  extracted 
with  acetone  and  the  solvent  distilled  off  untO  only  about 
5  cc.  were  left.  The  residue  was  evaporated  in  an  oven 
at  a  temperature  not  exceeding  60°  C.  The  true  free  sulfur 
was  separated  from  the  organic  material  present  by  treatment 
with  alcohol  saturated  with  sulfur,  as  described  in  the  earlier 
paper. 

The  difference  between  the  two  determinations  gave  the 
organically  combined,  acetone-soluble  sulfur. 

ACETorjE-iNSOLTJBLE  SULFUR.  Totol — This  was  deter- 
mined on  a  sample  previously  extracted  with  acetone.  The 
oxidation  and  precipitation  were  carried  out  in  exactly  the 
same  way  as  for  total  sulfur. 

Sulfur  Combined  with  Resins,  Etc.,  Soluble  in  Alcoholic 
Potash — The  sample  previously  extracted  with  acetone 
was  boiled  for  8  hrs.  in  a  5  per  cent  alcoholic  potash  solution, 
after  which  the  solution  was  poured  off  and  the  rubber  washed 
three  or  four  times  with  alcohol.  It  was  nex-t  extracted 
over  night  in  an  underwriter's  apparatus  with  95  per  cent 
alcohol,  in  order  to  remove  all  the  alkaUne  solution.  The 
two  solutions  were  combined  and  evaporated,  and  the  residue 
was  oxidized  with  10  cc.  of  potassium  bromide-bromine 
solution,  followed  by  nitric  acid.  After  the  removal  of  any 
silica  produced  by  the  action  of  the  potash  on  the  glass,  the 
sulfur  was  precipitated  as  barium  sulfate. 

Metallic  Sulfide — The  method  used  to  evolve  hydrogen 
sulfide  from  the  metallic  sulfides  present  was  a  modification 
of  that  proposed  by  Stevens,'  who  treated  the  sample  with 
a  mixture  of  aqueous  hydrochloric  acid  and  ether.  Owing 
to  the  fact  that  ether  penetrated  verj'  rapidly  into  the  rubber, 
a  solution  of  dry  hydrochloric  acid  in  ether  was  used.  After 
extraction  with  acetone  and  alcoholic  potash,  the  sample 
was  treated  with  50  cc.  of  ether-hydrochloric  acid  in  a  flask 
fitted  with  a  separatory  funnel  and  a  delivery  tube,  and  the 
hydrogen  sulfide  evolved  was  collected  in  potassium  bromide- 
bromine  solution.  The  last  traces  of  hydrogen  sulfide  were 
removed  by  distilling  over  about  half  the  ether.  The  bro- 
mide-bromine solution  was  treated  with  nitric  acid,  and  the 
sulfur  precipitated  and  weighed  as  barium  sulfate. 

Combined  ivith  Accelerators,  Etc.,  Soluble  in  Ether-HCl — 
The  sample  which  had  been  treated  with  ether-hydrochloric 
acid  was  washed  several  times  with  ether,  and  the  solvent 
was  evaporated.  The  residue  was  oxidized  with  nitric  acid- 
bromine  and  the  sulfur  determined  as  barium  sulfate. 

Combined  with  Rubber — The  sample  which  had  been  ex- 
tracted successively  with  acetone,  alcoholic  potash,  and 
ether-hydrochloric  acid  was  finally  treated  exactly  as  de- 
scribed for  the  total  sulfur. 

Experimental  Results 

In  order  to  test  these  methods,  seven  stocks  were  mixed, 
cured,  and  analyzed.  The  results  are  given  in  Table  I. 
In  some  cases  it  will  be  noted  that  the  total  sulfur  deter- 
mined does  not  check  with  that  calculated  from  the  formula. 
As  the  results  of  the  single  doterininations  all  checked  very 
well,  the  discrepancy  is  probably  due  to  an  error  in  weighing 
out  or  in  mixing  the  batch.    All  of  the  figures  are  the  averages 

'  Analyst,  10  (1916),  275. 


Table  I 


Pale  crepe 

Zinc  oxide 

Sulfur 

Hexamethylenetetramine. 

Thiocarbauilide 

Litharge 

Glue 

Gas  black 


1  2 

Composition 
100       100        100 

25  . .  10 

S  5  6 


Stock  Number- 
3  4  5 


100 


Time,  minutes. 
Temperature,  ° 


Cure 
10.')         90 
141        141 
Percentage  of  Sulfur 


25 
141 


Total  sulfur: 

Calculated 

Determined 

Total    acetone-soluble  sul- 
fur  

True  free  sulfur 

Sulfur  combined  vrith  resins 

(by  diff.) 

.\cetone-insolubIe  sulfur: 

(1)  Sol.inalc.KOH.  . 

(2)  Sol.  in    ether-HCl 

(3)  Sulfide  sulfur 

(4)  Combined        with 
rubber 

ToTAi,  1,  2,  3,  4 

TOTAI,  ACETONE- 

iNSOLtJBLE  Sulfur 
(Determined)  . . . 


6.02  4.94  5.32 
6.19  4.88  5.43 

4.47  3.30  4.24 

4.03  3.18  3.95 

0.44  0.12  0.29 

0.17  0.13  0.06 

0.12  0.17 

0.17  0.00  0.20 

1.42  1.38  0.84 

1.76  1.63  1.27 


30 
141 


5.17 
5.19 

2.36 
2.28 

O.07 

0.26 

6. '72 

1.82 

2.80 


100 
15 


60 
141 


4.13 
4.14 


2.42 
2.12 


100 
15 

5 

1 


100 

15 

5 

1 


10 


60         60 
141       141 


3.97 
3.96 


3.82 
3.81 


2.18     1.96 
2.06     l.SO 


0.30     0.12     0.16 


0.06 
0.21 
0.19 

1.30 
1.76 


0.17 
0.04 
0.47 

1.03 
1.71 


0.11 
0.25 
0.25 

1.19 
1.80 


1.73      1.59     1.20     2.85     1.75     1.74     1.85 


of  at  least  two  analyses  and  the  checks  obtained  were  all 
within  0.03  to  0.04  per  cent  calculated  on  the  total  stock. 

Discussion  of  Results 

The  results  obtained  show  beyond  doubt  that  there  ig, 
in  the  acetone  extract,  a  considerable  amount  of  sulfur  which 
is  combined  with  organic  matter.  This  sulfur  is  not  avail- 
able for  further  vulcanization  as  such,  but  in  the  light  of 
Bedford  and  Scott's  work  the  compounds  thus  formed  may 
very  well  be  a  part  of  the  natural  accelerator  of  the  rubber. 

The  classification  of  acetone-insoluble  sulfur  into  four 
parts  is  susceptible  of  expansion,  for  in  the  case  of  some  of 
the  accelerators  it  is  not  at  all  certain  that  their  sulfur  re- 
action products  can  be  entirely  removed  by  the  methods 
described.  It  is  certain,  however,  that  a  large  amount  of 
sulfur,  heretofore  considered  as  combined  with  the  rubber, 
has  been  removed  by  means  which  leave  no  doubt  as  to  the 
fact  that  it  was  not  combined  with  the  rubber. 

It  is  of  course  well  known  that  both  alcoholic  potash  and 
ether-hydrochloric  acid  have  been  ased  before  in  rubber 
analysis,  but  the  analysis  of  the  extracts  for  sulfur  has  not 
been  made. 

No  series  of  cures  have  been  analyzed  according  to  these 
methods,  but  their  value  as  a  means  of  throwing  light  on  the 
mechanism  of  vulcanization  can  be  estimated  by  the  following 
example: 

Two  stocks  containing  about  the  same  amount  of  sulfur, 
one  with  zinc  oxide  and  one  without,  were  cured  for  1  hr. 
45  min.  at  141°  C.  The  analyses  are  listed  in  Table  II, 
all  figures  being  based  on  100  parts  of  rubber. 

Table  II 

I— Pale  Crepb  100,  Sulfur  7.5;  II— Pale  Crepe  100,  ZnO  25, 

Sulfur,  8 

Sin,POR                                      I  II 

True  free  5.04  5.37 

Acetone-soluble  0.20  0.69 

Soluble  in  alcoholic  K OH  0.08  0.23 

As  ZnS  0.00  0.23 

Combined  with  rubber  2.14  1.89 

Total  7.46  8.31 

The  values  for  total  sulfur  check  quite  well  with  the  amount 
added.  In  Sample  2  the  discrepancy  may  be  due  either  to 
an  error  in  weighing  or  to  sulfur  in  the  zinc  oxide  used. 

It  will  be  seen  that  the  amount  of  sulfur  combined  with 
the  rubber  in  Sample  2  is  less  than  that  in  Sample  1  in  spite 
of  the  fact  that  there  was  more  sulfur  present  in  Sample  2. 
This  shows  that  the  zinc  oxide  holds  back  the  reaction  be- 
tween rubber  and  sulfur  to  a  marked  degree. 
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Alleged  Adsorption  of  Alumina  from.  Aluminium  Sulfate 

Solutions  by  Cellulose' 


By  Alfred  Tingle^ 
Thb  E.  B.  Eddy  Co.  Ltd.,  Hull,  P.  Q. 


THE  work  here  described  was  undertaken  with  the 
object  of  obtaining  some  first-hand  information  as 
to  the  extent  to  which  alumina  is  adsorbed  from  its 
sulfate  solution  by  cellulose  in  general  and  paper-making 
pulps  in  particular.  The  occurrence  of  this  phenomenon 
is  asserted  or  assumed  by  many  writers,  but  the  evidence 
on  which  these  assertions  are  made  is  seldom  cited. 

Adsorption  of  alumina  by  cellulose  is  appealed  to  by 
Cross  and  Bevan,  for  example,  as  a  factor  of  importance  in 
the  theory  of  paper  sizing.^  The  only  reference  in  original 
literature  which  the  present  writer  has  been  able  to  find  is  to 
the  work  of  Schwalb  and  Robsahm^  and  of  Sutermeister.' 
The  phenomena  observed  by  Schwalb  and  Robsahm  were  ob- 
viously not  cormected  with  adsorption  at  all,  but  were  sim- 
ple precipitations  of  alumina  by  the  nonceUulose  constituents 
of  the  pulp.  Sutermeister  found  much  lower  figures  for  the 
amount  of  Al2(S04)3  decomposed,  but  the  origin  of  the 
phenomena  observed  remains  a  Uttle  obscure.  More  lately 
Kolthoff,'  using  purified  filter  paper,  has  concluded  that 
positive  ions  are  separated  from  salts  not  by  cellulose,  but 
by  the  ash  constituents. 

Expts.  2  and  3,  described  in  detail  below,  show  that  neither 
-acid-washed  filter  paper  nor  well-washed  bleached  sulfite 
pulp  removes  any  analytically  appreciable  amount  of  alumina 
from  a  basic  solution  of  aluminium  sulfate,  when  brought  in 
ordinary  contact  therewith.  Expt.  3  shows  that  pure  filter 
paper  does  not  adsorb  alumina  from  a  nonbasic  solution  of 
sulfate  even  when  the  two  are  very  thoroughly  beaten  to- 
gether, while  Expt.  4  shows  conditions  under  which  a  reten- 
tion of  alumina  may  occur.  In  this  case  the  pulp  used  had 
an  alkaline  reaction.  Some  precipitation  took  place  (shown 
by  the  reduced  amount  of  "total  AI2O3"),  while  the  still 
greater  reduction  in  the  combined  alumina  present  indicated 
the  formation  of  a  "basic  salt,"  but  these  changes  were  ob- 
viously due  to  chemical  action,  not  to  adsorption  or  any  re- 
lated phenomenon.  Expt.  5  serves  to  show  that  even  when 
a  neutral  solution  of  aluminium  sulfate  is  converted  into  a 
basic  one  in  the  presence  of  a  well-washed  sulfite  pulp,  the 
cellulose  adsorbs  no  alumina. 

Some  errors  on  the  subject  may  well  have  arisen  from 
manipulative  mistakes.  It  is  sometimes  forgotten  that  dilu- 
tion of  a  basic  aluminium  sulfate  solution  will  cause  the 
precipitation  of  alumina,  so  that  apparent  failures  to  wash 
aluminium  salts  completely  out  of  cellulose  must  not  be 
taken  as  conclusive  evidence  of  adsorption  till  all  surround- 
ing factors  have  been  very  carefully  scrutinized. 

The  present  work  is  not  regarded  by  the  author  as  justi- 
fication for  drawing  a  final  conclusion,  but  as  estabhshing 
grounds  for  reasonable  doubt  as  to  whether  the  alleged  ad- 
sorption actually  takes  place.  It  makes  it  reasonable  for 
the  matter,  which  has  a  very  practical  bearing  if  the  theory 
of  paper  sizing  is  ever  to  be  put  on  its  feet,  to  be  investigated 

'  Presented  before  the  Section  of  Cellulose  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society.  New  York,  N.  Y.,  September 
6  to  10,  1921. 
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further  in  an  authoritative  manner  when  the  supply  of  pure 
cellulose  which  has  been  promised  to  the  Cellulose  Section 
of  the  Society  is  available  for  research  purposes. 

Analytical  Methods 

"combined  AI2O3" — Either  Method  A  or  Method  B,'  de- 
scribed pre\'iously,  was  used.  Whichever  method  was  chosen 
as  more  convenient  was  adhered  to  throughout  the  same 
set  of  determinations. 

"total  AI2O3"— The  method  was  that  of  W.  Blum.' 
"basic  AljOs" — When  not  found  by  difference  between 
"total"  and  "combined"  AI2O3,  the  Craig-Scott  method'  was 
used  with  a  sUght  modification  of  no  importance. 

Prepae-^tion   of   Strongly   Basic   Aluminium   Sulfate 
Solutions 

To  300  cc.  of  a  10  per  cent  solution  of  pure  Al2(S04)3,  100 
cc.  of  4  per  cent  NaOH  solution  were  added.  The  resulting 
precipitate  was  well  stirred  and  poured  into  another  300  cc. 
of  the  same  Al2(S04)3  solution.  After  a  few  hours  the  mix- 
ture was  filtered.  The  filtrate  was  diluted  for  use  as  required, 
but  when  so  diluted  could  not  be  preserved  for  long  without 
change. 

Description  op  Experiments 

Expt.  1 — Approximately  6  g.  (dry  weight)  of  well  washed  and  beaten, 
bleached  sulfite  spruce  pulp,  in  a  500-cc.  graduated  flask,  were  treated  with 
100  cc.  of  a  basic  aluminium  sulfate  solution.  The  mixture  was  agitated, 
diluted  to  500  cc.,  and  filtered.  A  blank  experiment  was  made  at  the  same 
time  by  diluting  100  cc.  of  the  same  basic  sulfate  solution  to  500  cc.  with 
water,  and  filtering. 

"Basic  AlaOi"  was  determined  in  100  cc.  of  each  filtrate,  with  the  fol- 
lowing results: 

Pulp  Prbsent  Blank 

NaOH  equivalent  to  "Basic  AliOj,"  cc.         24. 1  24.0 

Titer  of  NaOH                                                         0.27  A?  0.27  iV 

"Basic  AUOj"  in  100  cc.  filtrate,  grams           0.1140  0.1135 

Expt.  2 — -A  filter  was  prepared  by  folding  together  15  No.  30  Whatman 
15-cm.  filter  papers  (total  weight  approx.  20  g.),  and  100  cc.  of  a  clear,  rather 
strong  solution  of  basic  aluminium  sulfate  were  poured  thereon.  Only  55  cc. 
of  filtrate  passed  through,  the  remainder  being  absorbed  by  the  papers.  De- 
terminations were  made  as  follows  on  50  cc.  of  the  original  solution  and  on 
the  same  volume  of  filtrate: 


Total  AIjOj 

"Combined  AliOj" 

"Basic  AliOj"  (by  difference) 


Original  Solution 
Grams 
0.1287 
0.1018 
0.0265 


Solution  Passed 
through  Filter 

Grams 

0.1291 
Not  determined 
Not  determined 


Expt.  3 — Twenty-two  Whatman  No.  44  9-cm.  filter  papers  (approx. 
weight  10  g.)  were  beaten  in  a  ball  mill  for  2  hrs.  with  200  cc.  of  A]t(SO«)a 
solution  (containing  no  "basic  AliOj")  and  400  g.  of  pebbles.  The  result- 
ing pulp  was  pressed  and  filtered.  The  total  AljOj  found  in  100  cc.  of  the 
original  solution  was  0.1620  g.;  in  100  cc.  of  the  filtrate,  0.1619  g.  A  mi- 
croscopic examination  of  the  fibers  before  and  after  the  beating  indicated 
that  a  considerably  increased  degree  of  hydration  had  been  induced  during 
the  process. 

Expt.  4 — About  20  g.  of  air-dry,  bleached  sulfite  spruce  pulp,  washed 
only  by  an  ordinary  mill  process,  were  beaten  in  a  ball  mill  with  400  cc.  of 
aluminium  sulfate  solution  under  the  conditions  of  Expt.  3.  The  solution 
was  then  filtered  from  the  pulp.  Determinations  were  made  on  this  fil- 
trate and  on  the  original  solution,  as  follows: 


'This  Journal,   IS   (1921),  420. 
»  /.  Am.  Chem.  Soc,  38  (1916),  1282. 
•  This  Journal,  7  (1915),  1059. 
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"Combined  AlaOs"  "Basic  AltOa"  in 
Total  AlaOa  in  100  Cc.  (Deter-  100  Cc.  by  Dif- 
in  100  Cc.  rained  on  20  cc.)  ference 
Grams  Grams  Grams 
Original  solution                  0.1809  0.1807  0.0002 
Solution  after  heat- 
ing and  filtration             0.1793  0.1783  0.0010 
Change                               -0.0016  -0.0024  +0.0008 


The  solution  which  had  been  in  contact  with  the  pulp  gave  a  slight  precipi- 
tate with  (NH4)2CiO«  after  precipitation  of  the  AljOi. 

An  aqueous  extract  made  from  another  sample  of  the  same  pulp  was 
alkaline  to  methyl  red,  and  gave  a  precipitate  when  boiled  with  a  dilute 
solution  of   Alj(SO*)8. 

ExPT.  5 — Approximately  6  g.  of  well  washed  and  beaten  sulfite  spruce 
pulp  were  introduced  into  a  500-cc.  graduated  flask.  To  this  were  added 
200  cc.  of  "white  rosin  size"  and  the  mixture  was  well  agitated.  While 
the  agitation  continued  100  cc.  of  Al3(S04)i  solution  (approximately  10  per 
cent)  were  added.  The  contents  of  the  flask  were  made  up  to  500  cc.  and 
filtered. 

A  blank  experiment  was  made  in  every  respect  similar  but  omitting 
the  presence  of  pulp.  Under  these  conditions  it  has  been  shown  in  the 
course  of  work  not  yet  published  that  the  aluminium  resinates  are  hydro- 
lyzed,  the  alumina  remaining  in  solution  as  "soluble  basic  sulfate." 

The  "combined  AliOa"  and  "basic  AliOi"  were  determined  in  aliquot 
portions  of  the  filtrate,  SO  cc.  being  taken  for  the  former  and  100  cc.  for  the 
latter  determination.  Unfortunately  a  note  of  the  titer  of  NaOH  solution 
used  in  the  determination  of  "basic  AI2O3"  has  been  lost,  but  as  the  same 
solution  was  used  both  for  main  experiment  and  blank,  the  results  can  still 
be  compared,  though  not  stated  in  weight  of  AlaOa. 


"Combined  AljOa" 

"Combined  AIiOs"  in  50 
NaOH  Used  0.3246  N  Cc.  Filtrate 

Cc.  Grams 

In  presence  of  pulp  26.0  0.1438 

In  absence  of  pulp  25.9  0.1432 

"Basic  AhOa" 
NaOH  Used  for  100  Cc.  Filtrate 
Cc. 
In  presence  of  pulp  26.0 

In  absence  of  pulp  26.1 

The  differences  shown  may  therefore  be  considered  as  within  reasonable 
experimental  error. 

Conclusions 

1 — The  observed  withdrawal  of  AI2O3  from  solutions  of 
Al2(S04)8  in  the  presence  of  cellulose  is  due  to  chemical  pre- 
cipitation by  noncellulose  material  present  as  an  impurity. 

2 — No  adsorption  of  AUOs  by  cellulose  of  reasonable  pur- 
ity could  be  observed  in  such  solutions,  ordinary  analytical 
methods  being  adopted.  Basic  and  neutral  solutions  were 
both  tried. 

3 — The  question  should  be  thorouglily  investigated  and 
an  authoritative  decision  reached  when  pure  standard  cel- 
lulose becomes  available  for  research. 

4 — Methods  of  investigation  which  depend  on  attempts  to 
separate  aluminium  salts  from  cellulose  by  repeated  wash- 
ing can  only  be  employed  when  great  caution  is  used  as  to  the 
nature  of  the  materials.  They  can  never  be  trusted  when 
basic  solutions  are  in   question. 


The  Penetrability  of  Filter  Paper' 

By  R.  C.  GrifSn^  and  H.  C.  Parish 

Arthur  D.  Little,  Inc.,  Charles  Rivbr  Road,  Cahbridgs,  Massachusetts 


In  the  folloiving  paper  the  common  methods  of  testing  the  pene- 
trability of  filler  paper  are  discussed,  and  a  new  penetrability 
tester  is  described.  Attention  is  called  to  the  effect  of  temperature 
and  time  upon  the  speed  of  filtration  of  distilled  water.  Com- 
paratioe  penetrability  figures  are  given  for  five  representative  grades 
of  quantitative  papers. 

VARIOUS  methods  of  testing  the  speed  of  filtration 
or  the  penetrability  of  filter  paper  have  been  pro- 
posed. The  method  probably  in  most  common 
use  is  to  fit  a  circle  of  the  paper  into  a  funnel  and  fill  it  with 
water  or  some  other  liquid.  The  speed  of  filtration  is  then 
either  (1)  judged  arbitrarily,  (2)  measured  by  timing  the 
flow  of  a  definite  volume  of  liquid  through  the  paper,  or  (3) 
compared  with  some  other  paper  as  a  standard,  which  is 
tested  in  the  same  way  on  a  similar  funnel. 

Such  a  test,  if  properly  carried  out,  will  undoubtedly 
provide  a  "rough  and  ready"  comparison  between  different 
filter  papers.  It  is  obvious,  however,  that  there  are  numerous 
factors  which  will  affect  the  results,  principally:  (1)  the  length 
and  internal  diameter  of  the  stem  of  the  funnel ;  (2)  the  angle 
of  the  funnel;  (3)  the  way  in  which  the  paper  is  folded  and 
fitted  into  the  funnel;  and  (4)  the  amount  of  liquid  filtered 
and  the  manner  in  which  it  is  poured  upon  the  filter.  Ob- 
viously, therefore,  very  misleading  conclusions  may  be  reached 
by  such  a  test.  Furthermore,  it  does  not  furnish  a  ready 
means  of  obtaining  figures  that  may  be  recorded  for  future 
comparisons. 

Herzberg  has  designed  an  apparatus'  (Fig.  1)  which 
consists  essentially  of  a  vertical,  cylindrical,  glass  water-reser- 

•  Received  July  9,  1021. 

•  Director  of  Tests,  Arthur  D.  T,ittl,c,  Inc. 

■  H.    P.   Stevens,   "Tlie   Paper   Mill    Chemist,"   Scott,    Greenwood   & 
Son,  London.   1919,  2nd  td.,  p.  267. 


voir  With  an  air-tight  cover  through  which  passes  the  stem 
of  a  funnel  nearly  to  the  bottom.  A  stopcock  in  the  cover 
allows  the  water  pressure  to 
be  adjusted  according  to  the 
volume  of  air  above  the  water 
in  the  reservoir.  Connected 
to  the  reservoir  at  the  bottom, 
by  means  of  a  U-tube  with 
a  valve  cock,  is  a  cylindrical 
box,  5  cm.  in  diameter,  to 
hold  the  paper.  In  operation 
the  upper  half  of  this  box 
is  taken  off  and  the  cock 
opened  slowly  until  the  water 
reaches  the  upper  edge.  The 
paper  is  then  laid  in  position, 
the  upper  half  of  the  box  re- 
placed, and  the  cock  again 
opened  until  water  issues  in  a 
regular  stream.  The  water  is 
collected  in  a  100-cc.  volumet- 
ric flask  and  the  time  required 
to  fill  the  flask  is  determined, 
under  a  definite  head  of  water, 
usually  5  cm. 

In  attempting  to  use  the 
Herzberg  tester  for  routine  con- 
trol tests  in  filter  paper  manu- 
facture the  wi-iters  have  found 
difficulty  in  getting  consistent 
results.      This   was  probably 

largely  due  to  failure  of  the  op-  p,^  i_hb„bb.o'8  Pas^TRAuaiTv 
erator  to  inaintain  conditions  Tbstbr 
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uniform,  particularly  as  regards  the  water  pressure.  It  is, 
of  coTirse,  desirable  to  have  any  instrument  which  is  to  be  used 
in  routine  control  tests  as  nearly  automatic  as  possible. 
With  this  in  view  there  has  been  developed  a  penetrabihty 
tester  which  after  many  months'  trial  has  been  found  to 
give  consistent  results.    It  is  also  of  rugged  construction, 

compact,  and  simple  to 
manipulate. 

Fig.  2  shows  a  hori- 
zontal and  a  vertical 
cross  section  of  the  test- 
er. The  entire  appara- 
tus, with  the  exception 
of  the  tube  leading  from 
the  overfiow  cup  to  the 
base  of  the  apparatus 
and  the  wire  screen,  is 
made  of  lead.  The  part 
A-coprsemmmmm-  carrying  the  overflow 
dam  E  and  the  wire 
screen  D  lifts  off  from 
the  lower  portion,  both 
contact  surfaces  being 
planed.  The  distOIed 
water  supply  enters  the 
vertical  tube  at  right 
angles  at  a  point  about 
4  in.  above  D.  This 
water  supply  is  con- 
trolled by  means  of  a 
stopcock.  It  is  kept  in 
any  suitable  form  of 
Fio.  2 — penstrabiltty  Tbsthr  for  Filter  reservoir  and  feeds  by 
Paper  gravity. 

In  operation  the  upper  portion  of  the  apparatus  is  lifted 
off  and  a  circle  of  the  paper  to  be  tested  is  laid  across  the 
2-in.  opening  in  the  base.  The  upper  half  is  then  replaced, 
the  wire  screen  supporting  the  filter  paper  and  preventing  the 
pressure  underneath  from  bursting  it.  The  stopcock  regu- 
lating the  supply  is  turned  on  slowly  untU  the  water  over- 
flows the  cup  A  as  well  as  the  dam  E.  A  100-cc.  volumetric 
flask  is  then  placed  underneath  E  and  the  number  of  seconds 
which  are  required  for  the  flask  to  fill  to  the  100-cc.  mark  is 
determined  by  a  stop  watch.  The  penetrabihty  figure  is 
the  number  of  seconds  which  are  required  for  100  cc.  of  dis- 
tilled water  at  20°  G.  to  pass  through  a  chcle  of  the  filter 
paper  2  in.  in  diam.  under  a  constant  9-in.  head.  Obvi- 
ously the  penetrabihty  figure  varies  inversely  mth  the  speed 
of  the  paper,  i.  e.,  the  slower  the  paper,  the  higher  is  the 
penetrability  figure,  and  vice  versa. 

Effect  of  Temperatuhe 

Regaud-Monin  has  pointed  out*  that  the  temperature 
of  the  water  has  a  marked  bearing  on  the  speed  of  filtration. 
It  was  found  that  water  at  30°  C.  passes  through  a  paper 
more  than  twice  as  rapidly  as  water  at  0°  C.  under  otherwise 
similar  conditions.  Table  I  is  given  in  order  to  correct 
values  obtained  at  a  temperature  other  than  20°  C: 


Table  I 

Temperature 

Correction 

"C. 

Factor 

0 

0.563 

10 

0.769 

IS 

0.883 

20 

1.000 

25 

1.124 

30 

1.256 

Effect  of  Long  Filtration 
It  is  well  known  that  a  filter  paper  will  slow  up  considerably 
after  having  been  used  for  a  short  time,  even  though  the 

«  Papeterit,  42  (1920),  818. 


solution  filtered  does  not  contain  sufficient  precipitate  to 
fill  up  the  pores  appreciably.  This  also  holds  true  when 
distilled  water  alone  is  used,  and  is  due  to  hydration  and  ex- 
pansion of  the  fibers.  During  our  investigation  of  the 
various  factors  affecting  the  penetrabihty  of  fUter  paper 
we  have  determined  the  effect  of  long  filtration  under  a  con- 
stant head.    Some  of  the  results  are  shown  in  Fig.  3. 

In  order  to  determine  the  relative  effect  of  time  upon  speed 
of  filtration  an  unusually  slow  paper  and  a  fast  paper  were 
selected,  and  the  penetrabihty  of  each  sample  was  taken 
immediately  and  at  the  end  of  10-  or  20-min.  periods  for 
1  hr.  in  the  case  of  the  slow  paper,  and  for  2  hrs.  in  the  case 
of  the  fast  paper,  allowing  distilled  water  to  run  through 
the  paper  continuously  during  the  intervals.  In  Fig.  3 
A  and  A'  are  the  curves  of  two  fast  papers,  taken  from  the 
same  box,  and  B  and  B'  are  the  curves  of  two  circles  taken 
from  a  box  of  slow  paper.  The  water  was  maintained  at 
20°  C,  and  precautions  were  taken  to  keep  it  clean  as  well 
as  all  parts  of  the  apparatus  with  which  the  water  came  in 
contact. 

It  will  be  seen  that  in  the  case  of  one  of  the  fast  papers, 
which  originally  had  a  penetrabihty  of  about  25  sec,  the 
penetrability  was  slowed  down  to  1000  sec.  by  allowing 
distilled  water  to  run  through  it  for  2  hrs.  Obviously,  to 
obtain  the  greatest  speed  efficiency,  the  fastest  paper  that 
vtiW  hold  the  precipitate  in  question  should  be  employed; 
the  solution  should  be  filtered  as  hot  as  possible,  and  the  en- 
tire operation  should  be  carried  through  without  any  un- 
necessary delay. 


Peneteabilitt  Figttees 

The  penetrabihty  figures  obtained  upon 
of  weU-known  quan- 
titative filter  papers 
are  given  in  Table 
II.  The  tests  were 
made  on  five  circles 
taken  at  random  from 
each  lot  and  the  figure 
given  is  the  average  of 
the  five  tests. 


several  brands 


Table  II 

Penetra- 
bility 
Seconds 

Paper  A  (rapid.'double 
washed,  for  general 
all-round  use) 

Lot  1  16 

Lot  2  20 

Lot  3  I  20 

Paper  B  (single  washed, 
thin,  rapid) 

Lot  1  16 

Lot  2  16 

Paper  C  (double 
washed,  extra  rapid, 
for  gelatinous  pre- 
cipitates) 8 

Paper  D  (double 
washed,  very  low  ash) 


:::::::::::i 

r 

,-/     / 

'U-—tv- 

it—Jj- 

U     '//  - 

J  // 

i  //    — 

A 

t 

Lot  1 
Lot  2 
Lots 


28 
78 
61 


^       10    £0    30    40  SO    6C    70   80    90    100  flO    /£0 

rittrdtion  Period-Minutes 
Fio.   3 
-Fast  Paper  (A.  D.  L.);     B — Slow 
Paper  (Whatman)  No.  44 


Paper  E  (dense  formation,  specially  made  for 

finest  precipitates) 

Lot  1 

Lot  2 

Lots 


Penetrability 
Seconds 

85 

54 

120 


It  will  be  noted  that  paper  C  is  about  ten  times  as  rapid 
as  paper  E. 
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Quantitative  Method  for  Determination  of  Peroxidase  in  Milk' 


By  Frank  E.  Rice'  and  Torataro  Hanzawa' 

Department  of  Chemistry,  Corneli.  University,  Ithaca,  New  York 


A  SATISFACTORY  method  for  the  quantitative  deter- 
mination of  peroxidase  in  milk  is  described  in  this 
paper.  It  should  find  application  in  determining  if 
milk  has  been  heated  to  a  temperature  much  above  the 
usual  pasteurizing  temperature.  If  reconstituted  powdered 
or  evaporated  milk  or  if  boiled  milk  has  been  added  to  raw 
milk,  application  of  this  method  will  give  proof  of  the  fact, 
whereas  qualitative  tests  for  peroxidase  will  give  no  in- 
dication. 


Expt.  I — ^Several  identical  mixtures  were  started  on  the  same 
sample  of  milk.  Each  day  one  was  filtered  and  weighed.  In 
all  cases  10  cc.  of  milk  were  used,  and  the  weights  of  purpurogallin 
in  Table  I  are  given  in  mg.  per  10  cc.  of  milk. 


No  method  for  making  quantitative  comparisons  of  perox- 
idase activity  is  found  in  the  literature,  although  practically 
aU  other  enzymes  of  milk  are  estimated  quantitatively.  Many 
qualitative  tests  for  peroxidase  have  been  suggested.  In  all 
of  these,  hydrogen  peroxide  is  present,  together  with  some 
reagent  which  undergoes  a  change  in  color  when  oxidized, 
such  as  guaiacol,  paraphenylenediamine,  benzidine,  pyram- 
idone,  ortol,  and  other  photographic  developers.  The  peroxi- 
dase is  beheved  to  act  as  a  carrier  of  oxj'gen  from  the  hydrogen 
peroxide  to  the  dye.  Attempts  to  modify  some  of  the  quali- 
tative tests  so  that  quantitative  interpretations  could  be 
made  were  not  entirely  successful.  It  was  possible  to  com- 
pare the  peroxidase  activity  of  different  samples  only  in  a 
general  way. 

Bach  and  Chodat*  have  suggested  a  method  for  quantita- 
tively determining  peroxidase  in  extracts  from  plant  tissue, 
involving  the  oxidation  of  soluble  pjrrogallol  to  insoluble 
purpurogalUn.  When  an  excess  of  hydrogen  peroxide  and 
pyrogallol  is  present,  the  extent  to  which  the  reaction  takes 
place  depends  upon  the  amount  of  the  peroxidase,  all  other 
conditions  such  as  time  and  temperature  being  the  same. 
The  weight  of  the  final  product  is  taken  as  a  measure  of  the 
peroxidase    activity. 

The  reaction  is  probably  as  follows: 

SCeHaCOH),  +  20  =  C8H3(OH)(OOC6H3(OH)2)2  +  2H20 
pyrogallol  purpurogallin' 

Application   of   Bach   and   Chodat   Method   to   Milk 
Samples 

Ten  cc.  of  milk  were  diluted  with  50  cc.  of  water,  and 
treated  with  20  cc.  of  5  per  cent  pyrogallol  and  10  cc.  of  1 
per  cent  hydrogen  peroxide.  The  mixture  was  stirred  well, 
allowed  to  stand  several  days  at  room  temperature  (19°  to 
21°),  and  filtered  on  a  dried  and  weighed  filter.  The  pre- 
cipitate was  first  washed  with  a  freshly  prepared  mixture 
similar  in  composition  to  the  precipitating  solution,  made 
by  adding  to  50  cc.  of  distilled  water  20  cc.  of  5  per  cent 
pyrogallol  and  10  cc.  of  1  per  cent  hydrogen  peroxide.  It 
was  finally  washed  with  100  cc.  of  distilled  water  and  dried  to 
constant  weight  at  the  temperature  of  boiling  water. 

TIME  necessary  FOR  COMPLETING  THE  REACTION — Al- 
though Bach  and  Chodat  found  that  24  hrs.  was  sufficient  time 
to  complete  the  reaction  with  plant  juice  extracts,  with  milk 
much  longer  time  is  necessary  before  the  reaction  has  reached 
an  equilibrium.    Seven  days  is  a  satisfactory  reaction  time. 

'  Presented  before  the  Division  of  Biological  Chemistry  at  the  62nd 
Meeting  of  the. American  Chemical  Society,  New  Yorlc,  N.  V.,  September 
6to  10,  1921. 

'  Assistant  Professor  of  Agricultural  Chemistry,  Cornell  University. 

3  Professor  of  Chemistry,  Agricultural  College  of  Japan. 

'  Ber..  37  (1904),  1342. 

>  H.  Wichelhaus.  Ibid,,  B  (1872),  846. 


Time  of  Reaction 

Tabi 
Raw 

,E  I 

Pasteurized 

Boiled 

Days 

Skim  Milk 

Skim  Milk 

Skim  Milk 

1 

14.6 

10.4 

2 

25.4 

19. S 

3 

28.0 

21.4 

0 

4 

30.5 

26.8 

5 

31.2 

27.0 

Trace 

6 

31.8 

28.0 

7 

31.5 

28.2 

8.2 

8 

32.0 

29.0 

EFFECT  OF  PRESENCE  OF  AIR — In  the  Sample  containing 
boiled  skim  milk  (Table  I)  it  is  seen  that  some  purpurogalUn 
precipitated  out  in  7  days.  The  precipitation  took  place 
at  the  surface  of  the  liquid  and  since  the  determinations 
were  run  in  beakers,  it  was  believed  that  the  air  had  influenced 
the  reaction.  Certainly  there  should  be  no  peroxidase  in 
boiled  milk. 

The  following  observations  were  made:  A  solution  con- 
taining boiled  mUk  together  with  pyrogallol  alone,  or  with 
hydrogen  peroxide,  and  in  presence  of  air  precipitated  pur- 
purogallin after  about  5  days.  A  mixture  of  boiled  milk, 
pyrogallol,  and  hydrogen  peroxide,  covered  with  paraffin 
or  filled  into  a  bottle  so  that  air  was  excluded,  never  precipi- 
tated purpurogallin.  From  this  it  is  evident  that  it  is  neces- 
sary to  prevent  the  access  of  air  to  the  reacting  mixture; 
otherwise  aU  the  purpurogallin  precipitated  could  not  be 
attributed  to  the  action  of  peroxiciase. 

To  avoid  this  difficulty,  glass-stoppered  bottles  of  100- 
to  130-cc.  capacity  were  employed.  After  the  measured 
amounts  of  milk,  water,  hydrogen  peroxide,  and  pyrogallol 
had  been  mixed,  the  bottles  were  entirely  filled  with  a  solution 
of  hydrogen  peroxide  and  pyrogallol  of  composition  similar 
to  that  which  was  already  in  the  mixture,  and  tightly  stop- 
pered. 

REMOVAL  OF  PAT  FROM  RESIDUE — Since  any  fat  in  the  milk 
would  probably  remain  on  the  filter,  it  was  desirable  to  wash 
the  precipitate  with  a  fat  solvent.  Ethyl  ether  readily  dis- 
solves purpurogallin,  but  petroleum  ether  does  not. 

Expt.  2 — -Two  of  the  purpurogallin  residues  from  skim  milk 
were  washed  five  times  with  petroleum  ether,  and  after  each 
washing  the  filter  was  dried  and  weighed. 


• 

Residue  A 

Residue  B 

Mg. 

Mg. 

Precipitate 

36.0 

31.8 

After  1st  washing 

30.8 

27.0 

After  2nd  washing 

30.4 

26.8 

After  3rd  washing 

30.2 

27.0 

After  4th  washing 

30.4 

27.0 

After  5th  washing 

30.4 

27.0 

These  results  showed  that  in  applying  the  method  to  milk 
it  was  necessary  to  wash  the  residue  finally  to  remove  the  fat. 
In  all  subsequent  determinations  after  the  last  wasliing  with 
water  the  filters  were  dried  and  washed  twice  with  petroleum 
ether  before  finally  drying  and  weigliing. 

PROPORTIONS  OF  HYDROGEN  PEROXIDE  AND  OF  PYROGALLOL 

— In  order  that  the  enzyme  may  have  opportunity  to  exert 
its  full  effect,  it  is  important  that  hydrogen  peroxide  and 
pyrogallol  be  present  in  excess.  In  the  two  following  ex- 
periments the  effect  of  varying  these  constituents  was 
determined: 
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Expt.  3 — In  each  mixture  the  hydrogen  peroxide  was  varied, 
while  the  other  ingredients  were  kept  constant. 

1  Per  cent      Hydrogen  Water        5  Per  cent     Skim      Purpurogallin 

Hydrogen        Peroxide  Added       Pyrogallol      Milk          in  7  Days 

Cc.  Percent  Cc.  Cc.  Cc.  Mg. 

2  0.025  58  10  10  22.4 

4  0.050  56  10  10  27.4 

6         •         0.075  54  10  10  27.6 

8  0.100  52  10  10  27.2 

10  0.125  50  10  10  27.4 

12  0.150  48  ID  10  28.2 

14  0.175  46  10  10  27.6 

16  0.200  44  10  10  28.0 

18  0.225  42  10  10  27.4 

20  0.250  40  10  10  28.4 

Expt.  4 — The  proportion  of  pyrogallol  was  next  varied. 

i  Per  cent      Pyrogallol  in     Water       Hydrogen       Skim       Purpurogal- 


Pyrogallol 

Mixture 

Added 

Peroxide 

MUk 

lin  in  7  Days 

Cc. 

Per  cent 

Cc. 

Cc. 

Cc. 

Mg. 

2 

0.125 

58 

10 

10 

18.8 

4 

0.250 

56 

10 

10 

22.6 

6 

0.375 

54 

10 

10 

28.4 

8 

0.500 

52 

10 

10 

31.2 

10 

0.625 

50 

10 

10 

31.0 

12 

0.750 

48 

10 

10 

31.6 

14 

0.875 

46 

10 

10 

31.4 

16 

1.000 

44 

10 

10 

31.6 

IS 

1.125 

42 

10 

10 

30.8 

20 

1.250 

40 

10 

10 

31.4 

These  results  show  that  all  proportions  of  hydrogen  peroxide 
above  0.05  per  cent  and  of  pyrogallol  above  0.5  per  cent  are 
sufficient.  In  further  experiments,  therefore,  10  cc.  of  hydro- 
gen peroxide  were  continued,  but  the  quantity  of  pyrogallol 
was  reduced  to  10  cc. 

COMPAEISON     OF     WHOLE     AND     SKIM  MILK — A     Sample     of 

skim  milk  taken  from  a  cream  separator  was  compared  with 
the  whole  milk  from  which  it  came.  Ten  cc.  of  the  whole 
milk  yielded  34.2  mg.  of  purpurogallin;  with  the  skim  milk 
there  were  obtained  32.0  mg.  In  another  instance  whole 
milk  was  placed  in  a  tube,  warmed  sUghtly,  and  centrifuged. 
Ten  cc.  of  the  skim  rnilk  layer  gave  31.8  mg.,  and  an  equal 
volume  of  the  whole  milk  33.2  mg.  purpurogallin. 

Exceedingly  great  difficulty  was  always  found  in  filtering 
the  mixture  containing  the  whole  milk,  while  the  skim  milk 
mixture  filtered  readily.  For  this  reason  it  is  recommended 
that  before  a  sample  of  milk  be  run  by  the  pyrogallol  method 
it  be  first  centrifuged  to  remove  most  of  the  fat. 

Desceiption  OP  Method 

Place  sample  in  a  tube,  warm  slightly,  and  centrifuge. 
Transfer  10  cc.  of  the  skim  milk  to  a  glass-stoppered  bottle 
of  about  100-cc.  capacity,  add  50  cc.  of  distilled  water,  followed 
by  10  cc.  of  5  per  cent  pyrogallol  and  10  cc.  of  1  per  cent 
hydrogen  pero.xide.  Shake  well,  and  fill  up  the  bottle  with 
a  solution  prepared  by  mixing  60  cc.  of  water  with  10  cc.  of 
1  per  cent  hydrogen  peroxide  and  10  cc.  of  5  per  cent  pyro- 
gallol. Stopper  tightly,  and  let  stand  for  7  days^  at  room 
temperature.  Filter  on  a  weighed  Gooch,  wash  the  precipi- 
tate, first  with  the  pyrogaUol-hydrogen  peroxide  mixture 
just  described,  and  finally  with  distilled  water.  Use  no  more 
than  the  necessary  quantity  of  water  in  the  washing,  since 
purpurogaUin  is  slightly  soluble.  MTien  the  washings  do 
not  give  a  dark  blue  color  with  ferric  chloride  solution,  all 
the  pyrogallol  has  been  removed  and  the  filter  has  been 
sufficiently  washed. 

6  Other  modifications  of  the  method  of  Bach  and  Chodat  have  been 
offered,  such  as  that  of  Willstatter  and  StoU  [Atin.,  416  (1918),  21).  In 
general  these  methods  have  been  adapted  to  the  determination  of  peroxidase 
in  fractions  from  plant  materials.  In  these  fractions  the  peroxidase  activity 
is  much  greater  than  in  milk,  and  for  this  reason  a  considerable  amount  of 
purpurogallin  is  produced  in  a  very  short  time.  Under  such  conditions 
the  reaction  is  not  allowed  to  run  to  completion  but  is  stopped  after  a  short 
period  and  the  amount  of  purpurogallin  produced  during  this  time  is  taken 
as  a  measure  of  the  amount  of  peroxidase.  In  milk,  however,  the  activity 
of  the  enzyme  is  so  weak  that  even  by  allowing  the  reaction  to  go  to  comple- 
tion (which  requires  about  T  days),  a  relatively  small  weight  of  purpurogallin 
is  obtained.  On  this  account  the  authors  consider  it  wise  to  allow  the  full 
time  for  the  determination;  however,  it  would  be  possible  to  obtain  compara- 
tive results  in  from  1  to  3  days. 


Dry  the  filter  thoroughly,  wash  two  or  three  times  with 
petroleum  ether,  dry,  and  weigh.  The  weight  of  purpuro- 
gallin (in  mg.)  jielded  by  10  cc.  of  milk  is  to  be  called  the 
peroxidase  number. 

Relation  between  Amount  of  Peroxidase  in  Milk  and 
THE  Peroxidase  Number 

In  order  to  show  that  the  relative  amounts  of  peroxidase 
in  milk  could  be  determined  by  the  amount  of  purpuro- 
gaUin precipitated,  raw  and  boiled  skim  mUk  were  mixed  in 
various  proportions  and  run  by  regular  method  (Expt.  5) : 


.aw ;  Boiled 

100:0 

75:25 

50:50 

25:75 

0:100 

eroxidase  numbers 

28.2 

21.4 

15.4 

8.2 

0 

.atio 

100 

75.8 

54.6 

29.0 

0 

Effect  of  Pasteurizing  and  of  Preservatives  on 
Peroxidase  Activitt 

In  Expt.  1  a  comparison  may  be  made  of  the  peroxidase 
numbers  of  raw  and  pasteurized  milk.  The  pasteurization 
was  brought  about  by  bringing  the  milk  to  145°  F.  in  10  min., 
holding  at  that  temperature  for  30  min.,  and  finally  cooling 
to  60°  F.  in  10  min. 

Expt.  6 — In  this  experiment  the  peroxidase  numbers  of  portions 
of  skim  milk  were  determined  after  different  heat  treatments. 
The  samples  were  heated  at  the  various  temperatiu-es  for  30  min. 
except  for  the  blank  which  was  untreated ;  the  peroxidase  numbers 
were  as  foUows:  Want,  31.8;  145°  F.,  25.6;  155°  F.,  24.2;  165°  F., 
0;  180°  F.,  0. 

Heating  at  145°  F.  and  at  155°  F.  is  seen  to  reduce  the  peroxi- 
dase number  to  some  extent,  though  the  critical  point  is  evidently 
between  155°  and  165°. 

A  sample  of  skim  milk,  10  cc.  of  which  yielded  a  peroxidase 
number  of  30.2  when  fresh,  gave  27.6  after  being  held  at  40°  F. 
for  2  days. 

A  portion  of  the  same  milk  was  preserved  with  1  per  cent  mer- 
curic chloride,  and  to  another  portion  was  added  formaldehyde 
at  the  rate  of  1  cc.  to  a  pint.  The  sample  containing  mercuric 
chloride  could  not  be  determined  on  account  of  a  precipitate, 
resulting  probably  from  a  precipitation  of  the  casein  by  the  mer- 
cury. The  sample  containing  formaldehyde  gave  a  peroxidase 
number  of  0,  which  is  probably  due  to  the  reducing  eiJect  of  the 
formaldehyde. 

Evidently  neither  mercuric  chloride  nor  formalin  can  be  used 
to  preserve  samples  of  milk  in  which  the  peroxidase  number  is 
later  to  be  determined. 

When  milk  is  held  on  ice  for  2  days  the  peroxidase  activity  is 
seen  to  fall  off  to  some  extent. 

SuMMAET 

1 — The  method  proposed  by  Bach  and  Chodat  for  the 
estimation  of  peroxidase  in  plant  juices  is  adapted  with 
modifications  for  milk. 

2 — The  method  depends  upon  the  oxidation  of  pyrogallol 
by  hydrogen  peroxide,  the  reaction  being  catalyzed  by 
peroxidase.  The  weight  of  purpurogaUin  which  precipitates 
out  (mg.  resulting  from  the  action  of  10  cc.  of  milk)  is  caUed 
the  "peroxidase  number." 

3 — Seven  days  are  necessary  for  the  reaction  to  reach  an 
equiUbrium.  Since  in  this  length  of  time  air  is  a  factor  in 
the  precipitation  of  purpurogaUin,  the  reaction  must  take 
place  in  absence  of  air. 

4 — To  remove  fat  the  residue  is  washed  with  petroleiun 
ether,  in  which  purpurogaUin  is  insoluble. 

5 — Whole  milk  and  skim  milk  are  about  equal  in  peroxidase 
activity. 

6 — By  mixing  raw  and  boUed  milk  in  varying  proportions 
it  was  shown  that  the  peroxidase  number  varies  quite  regularly 
with  the  concentration  of  peroxidase. 

7— Heating  milk  below  155°  F.  for  30  min.  reduces  but 
does  not  destroy  peroxidase  activity.  Holding  on  ice  for  2 
days  reduces  the  action  .sUghtly. 

8 — Samples  of  mUk  for  peroxidase  estimation  cannot  be 
preserved  with  mercuric  chloride  or  formaldehyde. 
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The  Preservation  of  Fish  Frozen  in  Chilled  Brine' 

II— The  Keeping  Quality  of  the  Fish 

By  L.  H.  Almy«  and  E.  Field 
BuBBAU  OF  Chemistry,  U.  S.  Dbpartmbnt  op  Agricuuturb.  WAsraNOTON,  D.  C. 


The  following  paper  concludes  the  worl{  published  last  year 
on  "The  Preservation  of  Fish  Frozen  in  Chilled  Brine."  In 
this  part  of  the  worl^,  fish  were  frozen  in  air  at  — 10  and  in  15 
per  cent  brine  at  its  freezing  point.  In  general,  fish  frozen  in  air 
lost  somewhat  in  weight,  while  there  was  a  slight  gain  upon  freezing 
in  brine.  On  storage,  brine-frozen  fish  usually  lost  less  than  air- 
frozen  fish.  Brine-frozen  fish  could  be  successfully  glazed,  after 
a  preliminary  rinsing  in  cold  water.  The  method  of  freezing 
had  no  effect  on  the  amounts  of  fat-free  solids,  ammonia,  and  amine 
nitrogen,  on  the  rate  of  decomposition  after  removal  from  freezer 
storage,  or  on  the  number  or  general  character  of  the  bacterial  flora 
in  the  skin,  flesh,  and  intestines.  Cooking  tests  showed  that  air- 
frozen  and  brine-frozen  fish  were  perfectly  edible  at  the  end  of  the 
storage  periods,  but  the  texture  and  flavor  of  the  latter  were  slightly 
superior  to  the  other. 

DURING  the  one  or  two  hours  that  fish  are  in  contact 
with  cold  brine  during  freezing  by  the  newly  ad- 
vocated process  of  brine  freezing,  a  small  amount 
of  salt  is  absorbed  in  spite  of  attempts  to  prevent  it.'-*  The 
extent  of  penetration  varies  in  different  species  of  fish,  and 
appears  to  be  influenced  somewhat  by  the  presence  of  fat 
in  the  tissues,  the  fatty  tissues  not  absorbing  as  much  as  the 
lean. 

The  texture  of  brine-frozen  fish  differs  from  that  of  air- 
frozen  fish  in  that  during  chilling  and  freezing  the  muscular 
tissue  of  the  former  is  httle  affected,  whereas  that  of  the 
latter  is  somewhat  altered  as  a  result  of  the  separation  of 
water  from  the  tissues.^  Because  of  this  difference  in  tex- 
ture and  also  of  the  fact  that  the  brine-frozen  fish  have  a 
small  amount  of  salt  in  the  outer  layers,  the  keeping  qualities 
of  the  two  kinds  of  fish  during  storage  may  show  interesting 
differences. 

Plank  and  Ehrenbaum'  found  that  during  30  hrs.'  freezing 
in  air  at  —  7°  C.  and  85  per  cent  relative  humidity  cod  lost 
3  to  4  per  cent,  haddock  about  .5  per  cent,  and  flat  fish  like 
flounders  about  6  per  cent,  and  that  during  freezing  in  brine 
there  was  no  loss  and  quite  often  a  shght  gain  in  weight. 
During  storage  the  fish  in  the  majority  of  instances  lost 
in  weight,  and  among  fish  of  the  same  species  but  of  different 
size  the  loss  was  approximately  in  inverse  proportion  to  the 
cube  roots  of  the  weights.  These  authors  show  that  the 
evaporation  of  water  is  lower  in  fatty  fish  and  is  less  the  more 
nearly  the  form  of  the  fish  resembles  a  sphere,  in  which  shape 
the  proportion  of  surface  to  mass  is  least.  A  few  examples 
of  weight  changes  observed  by  them  are  given  in  Table  I. 
They  show  that  the  weight  losses  in  fish  hanging  free  in  a 
room  at  —  7°  C.  are  very  large.  Protected  by  wrapping  in 
parchment  paper,  the  fish  changed  in  weight  but  Uttle. 
Droogleever  Fortuyn*  reports  a  loss  in  weight  of  12  to  24 
per  cent  in  soles  stored  for  4  to  5  wks.  at  —2°  to  —6°  C. 

Method  of  Investigation 

Uneviscerated  weakfish  (Ci/noscion  regalis),  whiting  {Mer- 
lucdus  hilinearis),  raossbunkers  {Brevoorlia  tyrannus),  butter- 
fish  (Poronolns  triacanthus) ,  and  spot  {Leioslomus  xanihurus) 
were  frozen  in  air  and  in  brine  in  the  manner  previously 
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described.'  The  brine  solution  was  approxunately  15  per 
cent  and  was  held  at  its  freezing  point  during  the  freezing 
of  the  product.    All  brine-frozen  fish  were  frozen  singly. 

Tablb  I — Examples  of  Weight  Changes  in  Stored  Fish  Observbd  by 
PI.ANK  and  Ehrenbaum 

Change 


Fish 

Manner  of 
Storing  at  -7"  C. 
Manner  of         and  85%  Relative 
Freezing                   Humidity 

Dura- 
tion of 
Storage 
Period 

Days 

Change 

in 

Weight 

before 

Thawing 

Per  cent 

in 
Weight 

after 
Thawing 

in  Air 
Per  cent 

Mackerel 

In  air  at  —  7°C.    Uneviscerated, 
hanging  free, 
glazed 

66 

-12.5 

Maclcerel 

In  concentrated      Uneviscerated, 
NaCl  at  -14°        hanging  free, 
C.                               glazed 

81 

-17.2 

Mackerel 

In  NaCl  brine  by    Uneviscerated, 
Ottesen  method      wrapped  in 
at— 15°C.             parchment  paper      30 

-0.8 

Plaice 

In  air  at  - 12°  C.  Uneviscerated, 
hanging  free, 
glazed 

40 

-23.5 

Plaice 

In  air  at  —  12°       Uneviscerated, 
C.                               hanging  free, 
glazed 

56 

-36.6 

-33.3 

Plaice 

In  NaCl  brine  by    Eviscerated, 
Ottesen  method       wrapped  in 
at  —  15°  C.               parchment  paper      50 

+  0.6 

Flounders 

In  air  at— 7°  C.     Uneviscerated,  in 
open  basket 

165 

-60.3 

Most  of  the  air-frozen  fish  were  frozen  in  pans  and  stored 
in  the  form  of  solid  cakes  of  fish;  a  few  were  frozen  singly 
in  order  to  facilitate  the  determination  of  indi\'idual  weight 
changes. 

After  glazing,  the  weakfish,  mossbunkers,  and  spot  were 
stored  for  5  mo.  and  part  of  the  whiting  for  3  mo.  in  a  room 
whose  temperature  during  these  periods  remained  fairly 
constant  at  —10°  F.;  during  the  next  3  mo.  of  storage, 
beginning  March  1,  the  temperatures  fluctuated  between 
—5°  and  -|-15°  F.  The  remainder  of  the  whiting  were 
stored  for  6  mo.  at  a  uniform  temperature  of  12°  to  15° 
F.  in  a  room  in  a  separate  storage  house.  The  fish  were 
packed  in  coveted  wooden  boxes  hned  with  vegetable  parch- 
ment paper. 

Physical  Tests 

Whiting  frozen  singly  in  air  at  — 10°  F.  lost  2 .  32  per  cent 
of  th,eir  weight  in  the  18.5  hrs.  following  their  entrance 
into  the  freezer.  The  same  species  of  fish  gained  0.15  per 
cent  in  weight  during  1  hr.'s  freezing  in  brine,  and  during 
the  succeeding  17  hrs.  in  cold  storage  at  —10°  F.  gained 
0.38  per  cent  more  in  weight.  Surface  water  was  removed 
from  these  fish  before  freezing  in  air.  The  apparent  loss 
in  weight  of  fish  during  the  freezing  is  higher  if  this  water 
is  not  taken  into  account.  For  example,  it  was  found  that 
whiting,  after  washing  in  water,  when  frozen  singly,  lost 
in  3,  6,  and  22  hrs.  2.54,  3.60,  and  4.03  per  cent  in  weight, 
respectively,  when  the  wash  water  was  allowed  to  remain 
on  the  surface,  and  1.55,  2.44,  and  2.74  per  cent,  respec- 
tively, when  the  exterior  of  the  fish  was  freed  from  excess 
moisture  prior  to  the  initial  weighing  and  entrance  into  the 
freezer.  When  whiting,  the  exterior  of  which  had  been 
dried,  were  frozen  in  a  pan  in  a  compact  layer,  the  loss  in 
3,  6,  and  22  hrs.  was  much  smaller  and  more  uniform,  being 
0.33,  0.59,  and  0.80  per  cent,  respectively. 


204 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  3 


Table  II — Perckntage  ok  Fat-Free  Solids  in  Flesh  of  Brine-Frozen  and  Air-Frozen  Fish  during  Storage' 


B.  =  Brine-frozen ;  A.  =  Air-frozen  ' Whiting 

Date  of  WeakEsh  Mossbunkers  Spot  No.  1  No.  2 

Analysis  B.  A.  B.  A.  B. 

October  11,  1919  19.43  20.05  22.47  19.11  21.54 

December  3,  1919 

March  8,  1920  20.20  20.18  20.20  18.23  21.82 

June  9,  1920  19.13  ...  21.64  20.32  20.27 

1  The  weakfish,  mossbunkers,  and  spot  were  stored  at  -10°  F.  from  October  6.  1919,  to  March  1,  1920,  and  at  -5°  to  -f- 15°  F.  from  March  1  to  June 
1920.  Whiting  No.  1  was  stored  at  12°  to  15°  F.  beginning  December  3,  1919.  Whiting  No.  2  was  stored  at  —10°  F.  from  December  3,  1919,  to  March 
1920,  and  at  -5°  to  -1-15°  F.  from  March  1  to  June  1920. 


A. 
19.05 


19.78 
19.81 


B. 

it!  66 
18.86 
18.57 


17.17 
18.16 

18.51 


B. 

if!  66 
16.67 
18.66 


17.17 
18.67 
18.45 


Table  III — Percentage  of  Ammonia  and  .\mine  Nitrogen  in  Flesh  of  Brine-Frozen  and  Air-Frozen  Fish  during  Storage' 


B.  =  Brine-frozen ; 

A. 

=  Air-frozen 

(Dry  Basis) 

■ 

Whi 

ting 



Date  of 

Weakfish 

Mossbunkers 

Spot 

No. 

1 

No. 

2 

Analysis 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

October  11,  1919 

0.091 

0.094 

0.092 

0.100 

0.091 

O.IOS 

December  3,  1919 

o!687 

o!693 

o!687 

o!693 

March  8,  1920 

o!6s2 

o!686 

o!684 

o!693 

o!679 

o!691 

0.121 

0.127 

0.104 

0.099 

June  9,  1920 

0.094 

0.086 

0.101 

0.096 

0.101 

0.099 

0.134 

0.122 

0.098 

0.095 

'  See  footnote  to  Table  II. 

Table  IV — Percentage  of  Ammonia  and  Amine  Nitrogen  in  Flesh  of  Brine-Frozen  and  .\ir-Frozen  Fish  during  S  Days"  Holding  at  50°  lo  55°  F. 

AFTER  Storage  for  3  to  5  Mo.  at  Freezer  Temperatures     (Dry  Basis) 

B.  =  Brine-frozen;  A.  =  Air-frozen 
Number  of  Weakfish 

Days  Held  after  151  Days' 

at  Storage  at  —10°  F. 
50°-55°  F.  B.  A. 

0  0.082  0.086 

1  0.082  0.098 

2  0.095  0.095 
S  0.129  0.115 
8                              0.170 


Mossbunkers 

Spot 

No. 

1 

No. 

2 

after  144  Days' 

after  144  Days- 

after  96  Days' 

after  96  Days' 

Storage  at 

-10°  F. 

Storage 

at  - 

•10°  F. 

Storage  at  12-15°  F. 

Storage  at 

-10°F. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

0.084 

0.093 

0.079 

0.091 

0.121 

0.127 

0.104 

0.099 

0.091 

0.097 

0.100 

0.103 

0.144 

0.131 

0.114 

O.llS 

0.099 

0.098 

0.097 

0.096 

0.152 

0.165 

0.122 

0.134 

0.135 

0.118 

0.118 

0.114 

0.165 

0.172 

0.178 

0.138 

0.154 

0.144 

0.149 

0.169 

0.205 

0.210 

0.216 

0.189 

WEIGHT  CHANGES  UPON  STORAGE — That  the  changc  in 
weight  of  frozen  fish  during  storage  need  not  be  so  great  as 
reported  by  European  investigators  is  indicated  by  the  re- 
sults which  were  obtained  in  the  following  study  of  weight 
changes  in  weakfish  and  whiting  stored  at  the  comparatively 
low  temperatures  prevalent  in  cold  storage  houses  in  this 
country.  For  these  experiments  the  fish,  after  freezing 
singly  in  air  and  in  brine,  were  weighed  individually,  then 
glazed,  and  reweighed  at  the  end  of  the  periods  of  storage, 
the  glaze  being  removed  before  each  weighing.  Air-frozen 
weakfish  lost  0.25  per  cent  during  the  first  5  mo.  when  the 
temperature  was  —10°  F.,  the  total  loss  during  the  entire 
8  mo.  of  storage  being  2.18  per  cent.  Air-frozen  whiting 
lost  0.24  per  cent  during  3  mo.  at  -10°  F.,  the  total  for  the 
6  mo.  being  5 .  03  per  cent.  Brine-frozen  weakfish  and  whit- 
ing gained  0.5  atid  1.45  per  cent,  respectively,  up  to  March 
1,  but  suffered  a  loss  during  the  remainder  of  the  storage 
period  when  the  temperature  was  higher  and  fluctuating, 
the  amount  being  2.90  and  2.12  per  cent,  respectively. 
The  whiting  stored  at  the  comparatively  liigh  but  uniform 
temperature  of  12°  to  15°  F.  lost  considerably  more  in  weight, 
the  air-frozen  and  brine-frozen  fish  losing  9.55  and  6.48 
per  cent,  respectively,  during  the  entire  6  mo.  It  should 
be  remarked  that  the  latter  storage  temperature  is  higher 
than  that  which  is  generally  employed  in  the  storage  of  fish 
in  this  country. 

The  increase  in  the  weight  of  the  brine-frozen  fish  in  the 
early  storage  period  was  rather  surprising.  It  may  possibly 
be  that  a  small  amount  of  moisture  is  attracted  to  and  held 
by  the  salt  in  the  exterior  tissues  of  these  fish. 

GLAZING — The  most  convenient  and  efficient  method  of 
preserving  the  ex-terior  appearance  of  fish  and  of  minimizing 
the  evaporation  of  water  during  storage  is  by  means  of  an 
ice  glaze.  Just  after  the  fish  have  frozen  through  completely 
they  are  dipped  momentarily  in  cold  water,  a  thin  film  of 
ice  forming  on  the  surface.  The  treatment  is  repeated  until 
a  substantial  glaze  is  provided.  The  original  glaze  may  re- 
main for  4  or  5  mo.  or  even  longer  on  fish  which  are  packed 
in  boxes  and  stored  at  low  uniform  temperatures.  Where 
the  fish  are  stacked  in  bins  in  the  storage  room  without 


boxing,  reglazing  at  intervals  of  3  mo.  or  less  may  be  neces- 
sary. 

When  brine-frozen  fish  are  immersed  in  cold  water  im- 
mediately after  removal  from  the  brine,  they  do  not  take 
a  glaze.  It  was  thought  at  first  that  this  would  be  a  serious 
objection  to  the  use  of  this  method  of  freezing  fish  for  storage. 
However,  further  attempts  in  this  direction  were  successful. 
Fish  which  had  been  rinsed  in  cold  water  and  then  held  in 
the  storage  room  for  12  hrs.  took  a  glaze  as  readily  as  the 
air-frozen  fish. 

Brine-frozen  and  air-frozen  weakfish,  whiting,  moss- 
bunkers, and  spot  were  glazed  and  examined  at  the  end  of  5, 
6,  and  8  mo.  storage.  The  fish  were  not  reglazed  during 
these  periods.  It  was  found  that  the  brine-frozen  fish  re- 
tained the  glaze  fully  as  well  as  the  air-frozen.  The  weak- 
fish, mossbunkers,  and  spot,  both  air-frozen  and  brine- 
frozen,  possessed  a  good  glaze  at  the  end  of  5  mo.  storage, 
although  none  of  the  fish  had  a  glaze  3  mo.  later,  largely 
on  account  of  the  temperature  fluctuations  during  the  latter 
period  of  storage.  The  whiting  retained  a  thin  glaze  at 
the  end  of  6  mo.  The  surface  of  the  brine-frozen  fish 
had  a  fresher  and  more  attractive  appearance  than  that  of 
the  air-frozen  at  the  end  of  the  maximum  holding  period. 

Chemical  Tbsts 

SALT  CONTENT — ^Analyses  of  the  salt  content  of  the  two 
succeeding  layers  of  muscular  tissue  Vsi  in.  thick  just  be- 
neath the  skin  of  whiting  immediately  after  freezing  in  brine 
and  after  storage  for  6  mo.  seem  to  indicate  that  some  of 
the  penetrated  salt  travels  inward  during  storage.  The 
proportion  of  salt  in  the  outer  layer  to  that  in  the  inner 
layer  was  about  2  : 1  at  the  beginning  of  storage,  but  the 
amounts  present  in  the  two  layers  after  storage  were  usually 
less  and  were  more  nearly  equal.  Possibly  there  exists 
a  tendency  for  the  salt  to  distribute  itself  more  or  less  uni- 
formly through  the  tissues,  although  a  definite  conclusion 
on  this  point  must  await  a  more  extended  investigation. 
Such  a  decrease  in  the  salt  content  of  the  outer  layers  might 
explain  the  lack  of  interference  of  the  salt  with  the  perma- 
nence of  the  glaze  during  storage. 
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B.  =  Brine-frozen  fish;  A. 

EXPT. 

No.  Fish 

6037  {»)        Spot  . 

6035  (o)         Spot 

603S  Butterfish 

6034  Weakfish 

6035  (6)         Mossbuiifcers 

6042  Whiting 

6043  Whiting 
Whiting 


Table  V — Numbbr  of  Bactbria  in  Fish  as  Affscted  by  Frsezing  and  Storage 
=  Air-frozen  fish 


-Number  of 


Part 
of 

Fish 
Skin 
Flesh 
Intestines 
Skin 
Flesh 
Intestines 
Skin 
Flesh 
Intestines 
Skin 
Flesh 
Intestines 
Skin 
Flesh 
Intestines 
Skin 
Flesh 
Intestines 
Skin 
Flesh 
Intestines 
Skin 
Flesh 
Intestines 


Before 
Freezing 


8,770 

2,210 

530 


7,540 

1.600 

193,280 

200 

910 

3.000 


Immediately 

after  Freezing 

B.  A. 

6,900  9,000 

4,100  280 

11,100  40,000 


Bacteria  per  Gram- 
After  Storage 
for  X  Days 
B.  A. 


After  Storage 

for  Y  Days 

B.  A. 


Temperature 
of 
X  Y  Storage' 

Days       Days  °  F. 


1,680 
420 
600 


1,340 

0 

350 

3,500 

0 

420 


25,710 

2,170 

0 


175 

0 

2,130 

240 

0 

0 


8,700 

700 

1,700 


30,900 

930 

4,000 

8,200 

900 

8,000 

1,800 

100 

4,600 

26,000 

8,300 

16,000 

380 

40 

51.100 


80,000 

640 

1,250 


8,800 

190 

10,200 

27,000 

280 

6,900 

220 

40 

3,200 

6,000 

120 

2,600 

90 

0 

4,800 


8,300 
390 
900 


23,000 

100 

1,200 

7,000 

250 

1,600 


3,200 
100 
900 
600 
350 

9,200 


29,000 

430 

1,400 


12,900 

110 

9,400 

17,400 
1,330 
6,000 


350 

50 

460 

228 

16 

2,600 


14\  236 

151  243 

144  236 

108 

96  188 

96  188 


-10  to  -M5 

-10  to  4-15 
-10  to  -1-15 
-10 

-10  to  -1-15 
12  to  15 


'  The  temperature  for  X  days  was  fairly  constant  at  —  10°  F.     The  remainder  of  the  time  the  temperature  fluctuated  between  —  5°  and  -|- 15°  F. 


FAT-FREE  souDS — The  percentage  of  fat-free  solids  of 
fresh  fish  does  not  vary  appreciably  in  individuals  of  the  same 
species  and  size.  Determinations  of  fat-free  solids  in  stored 
fish  afford  a  means  of  estimating  the  extent  of  the  drying  out, 
the  proportion  of  this  constituent  increasing  with  the  desic- 
cation of  the  product.  As  shown  in  Table  II,  there  is  a  tend- 
ency toward  decreased  moisture  content  in  the  older  storage 
samples.  However,  there  are  no  pronounced  differences 
attributable  to  the  method  of  freezing,  as  was  apparent  from 
the  results  of  gross  weight  determinations  on  individual 
fish. 

AMMONIA  AND  AMINE  NITROGEN — As  a  chemical  method 
for  following  the  changes  in  the  flesh  of  fish  during  storage, 
determinations  of  the  ammonia  and  amine  content  by  a 
modified  Folin  aeration  method'^  were  employed.  It  had 
previously  been  found  that  the  amounts  of  these  bases 
increased  slowly  in  the  flesh  of  frozen  fish  during  storage.' 
Their  accumulation  in  the  flesh  is  the  result  of  the  action  of 
tissue  enzymes,  of  bacteria,  or  of  both.  The  content  of^the 
bases,  therefore,  is  an  index  of  quahty  only  in  the  sense  that 
it  indicates  somewhat  the  extent  of  the  aging  which  has 
taken  place.  Supported  by  careful  physical  and  bacterio- 
logical examinations  it  is  of  assistance  in  the  determination 
of  wholesomeness.  During  storage  the  content  of  ammonia 
and  amine  nitrogen  increased  in  all  fish  except  the  weakfish, 
mossbunkers,  and  spot  which  had  been  frozen  in  air.  (Table 
III.)  Except  in  the  case  of  Whiting  1,  however,  the  increases 
were  exceedingly  small.  At  the  end  of  the  storage  period 
in  June,  the  percentages  of  these  bases  were  sHghtly  higher 
in  the  brine-frozen  fish  than  in  the  air-frozen,  though  the 
difference  is  not  sufficiently  great  to  justify  the  conclusion 
that  a  difference  in  keeping  quahty  is  indicated. 

RATE  OP  DECOMPOSITION — Additional  chemical  evidence 
of  the  relative  keeping  qualities  of  air-  and  brine-frozen 
fish  was  obtained  by  comparing  the  rate  of  decomposition 
of  the  fish  after  removal  from  storage.  The  fish,  before 
thawing,  were  placed  in  a  compartment  of  a  large  house- 
hold refrigerator  where  the  temperature  was  50°  to  55° 
F.,  and  were  examined  immediately  and  at  the  end  of  1,  2, 
5,  and  8  days  for  the  content  of  ammonia  and  amine  ni- 
trogen in  the  flesh.  The  experiments  (Table  IV)  did  not 
indicate  any  consistent  difference  in  the  keeping  qualities 
resulting  from  the  method  of  freezing. 

Several  whiting  which  had  been  stored  for  6  mo.  were 
cooked  (fried)  and  tasted  by  several  persons.  The  con- 
sensus of  opinion  was  that  the  brine-frozen  fish  had  a  shghtly 
better  flavor  than  the  air-frozen,  though  both  kinds  were 
perfectly  edible.    A  difference  in  texture  of  the  cooked  prod- 


uct was  also  noted.  The  flesh  of  the  brine-frozen  product 
seemed  a  trifle  firmer.  On  comparing  sections  of  the  muscular 
tissue  prior  to  cooking  it  was  observed  that  it  was  pos.sible 
to  squeeze  more  of  the  juices  from  the  samples  of  air-frozen 
fish  than  from  those  of  the  brine-frozen.  Apparently  the 
difference  in  texture  produced  during  the  chilling  and  freezing 
persists  during  the  storage  period. 

Bacteriological  Tests* 

The  surface  of  fresh  caught  fish*  contains  many  bacteria 
obtained  from  the  water,  air,  hold  of  the  boat,  and  other 
Sources.  Quite  frequently  also  the  flesh  harbors  bacteria 
which  may  have  entered  the  tissue  through  the  skin,  the 
wall  of  the  belly  cavity,  or  through  the  blood  system  by 
way  of  the  gills.  Many  investigators  have  found  B.  coli 
in  the  intestines  of  fish  taken  from  polluted  water.'  In 
general,  the  digestive  tract  contains  bacteria  when  food  is 
present,  but  is  usually  sterile  when  food  is  absent.  Im- 
portant contributions  on  this  subject  have  been  made  by 
Hunter,'  Obst,'  Browne,'"-"  and  others. 

When  fish  are  immersed  in  chilled  brine  the  bacteria  on 
the  surface  may  be  affected  in  two  ways.  The  number 
may  be  increased  or  decreased,  depending  on  the  purity 
of  the  brine  from  a  bacterial  standpoint.  Furthermore, 
the  entrance  of  small  amounts  of  brine  into  the  superficial 
tissues  may  carry  some  of  the  surface  bacteria  through  the 
skin  into  the  flesh.  Obviously  the  prevention  of  the  former 
condition  is  accomplished  by  keeping  the  brine  as  free  from 
bacteria  as  possible.  The  latter  may  be  minimized  by  pre- 
liminary cleansing  of  the  surface  of  the  fish  and  by  the  adop- 
tion of  procedures,  such  as  precooling  of  the  fish  in  air,  which 
will  tend  to  reduce  the  extent  of  salt  penetration  during  the 
freezing. 

Whiting,  weakfish,  butterfish,  spot,  and  mossbunkers 
were  examined  for  bacteria  at  various  stages  in  the  processes 
of  freezing  in  brine  and  in  air  and  at  the  end  of  periods  of 
storage.  The  shme  and  scales  were  aseptically  removed 
from  an  area  near  the  dorsal  fin  and  the  exposed  skin  was 
removed  with  sterile  instruments,  after  which  a  portion  of 
the  underlying  flesh  was  cut  out.  Likewise  the  contents 
of  a  section  of  the  intestines  were  aseptically  removed. 
The  three  samples  were  macerated  by  shaking  in  fla.«ks 
with  bits  of  sterile  broken  glass  in  sterile  water,  and  aUquot 

*  The  bacteriological  examinations  were  made  by  Mr.  C.  H.  Werkman. 
Assistant  in  Poultry  and  ICgg  Handling,  Food  Research  Laboratory,  Bureau 
of  Chemistry,  and  Drs.  Albert  C.  Hunter  and  Stuart  A.  Koser,  Bacteriolo- 
gists,  Microbiological   Laboratory.   Bureau  of   Chemistry. 

t  The  term  "fresh  caught"  is  here  applied  to  the  fish  as  landed  fiom 
the  fishermen's  boats. 
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portions  plated  on  plain  agar.  The  plates  were  incubated 
at   20°   C. 

The  figures  in  Table  V  give  the  average  of  three  tests  of 
composite  samples  of  two  fish  each.  The  variation  in  the 
extent  of  bacterial  contamination  among  the  individuals 
of  the  different  species  before  freezing  is  quite  great  and  ren- 
ders difficult  an  interpretation  of  the  results  of  this  nature. 
The  data  show,  however,  that  there  are  no  consistent  dif- 
ferences in  the  numbers  of  bacteria  in  the  skin,  flesh,  and  in- 
testines of  the  various  fish  before  and  after  freezing  and  after 
storage,  which  might  be  attributed  to  the  method  of  freezing. 

Examination  of  the  character  of  the  bacterial  flora  in 
the  fish  failed  to  reveal  outstanding  differences  in  the  two 
sets  of  fish.  The  predominating  microorganisms  before  and 
after  storage  appeared  to  be  mainly  those  which  are  usually 
present  in  air  and  water.  Among  the  bacteria  identified 
were  M.  dtreus  Sternberg,  M.  luteus  Cohn,  M.  aureiis,  M. 
flavus,  M.  roseris,  M.  aqvatilis,  staphylococcus  aureus,  albus 
and  citreus,  Bact.  refractans  Wright,  and  Bact.  desidiosum 
Wright.  Pigment-producing  yeasts  and  various  molds, 
particularly  Aspergillus  niger,  were  fairly  common. 

Itthus  appears  that  there  is  very  little  choice  between  the 
two  methods  from  the  standpoint  of  bacterial  decomposition 
during  storage. 
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Report  on  Chemo-Medical  Research 

Under  the  title  of  "The  Future  Independence  and  Progress 
of  American  Medicine  in  the  Age  of  Chemistry,"  the  Chemical 
Foundation  is  circulating  the  report  of  the  Committee  on  Chemo- 
Medical  Research,  appointed  by  the  American  Chemical  Society 
in  January  1919. 

The  report  draws  a  lesson  from  the  results  accompUshed  during 
the  war,  when  chemists,  pharmacologists,  and  experimental 
pathologists  joined  in  defensive  and  offensive  work  on  poison 
gas  at  the  American  University  Experiment  Station.  Great 
results  may  be  expected  in  the  battle  against  disease,  says  the 
report,  through  cooperation  under  ideal  conditions  of  time  and 
equipment  for  research. 

How  can  chemistry,  cooperating  now  with  medicine  as  it 
cooperated  with  the  war  and  naval  departments,  help  best  in 
the  battle  against  disease?  The  constructive  chemist  can 
serve  in  three  ways.  First,  he  can  aid  by  the  preparation  of 
specific  medicaments  for  the  cure  or  alleviation  of  specific  diseases, 
either  by  the  synthesis  of  new  products  or  by  the  improvement 
of  natural  remedies  aheady  known.  So,  too,  the  study  of  the 
pure  principles  of  om-  organs  of  secretion  opens  up  a  field  rich 
in  promise;  and  another  great  line  of  effort  in  this  direction 
should  be  the  attempt  to  isolate  the  pure  principles  of  anti- 
toxins and  serums.  The  third  opening  for  the  constructive 
chemist  is  the  complete  Ultimate  analysis  of  the  constituents 
of  our  body  cells  and  the  components  of  our  blood  and  tissues, 
together  with  the  complete  ultimate  analysis  of  the  components 
of  our  foods.  For  example,  Fischer's  work  on  the  structure  and 
chemistry  of  the  sugars  opened  the  way  for  all  the  more  recent 
work  on  carbohydrate  metabolism  and  its  pathologic  variations. 
His  work  on  the  amino  acids  forms  the  foundation  of  all  modem 
work  on  protein  metabohsm.  The  physical  chemist  has  an 
important  part  to  play  in  this  cooperation,  for  the  matter  of 
health  is  closely  boimd  up  in  the  delicate  adjustment  of  speed 
of  the  various  chemical  reactions  taking  place  in  the  body. 
Many  of  our  bodily  functions  are  dependent  on  the  action  of 
enzymes  (or  catalysts).  So,  too,  in  nerve  and  cell,  the  questions 
to  be  dealt  with  are  largely  those  of  colloidal  chemistry. 

While  there  are  in  the  United  States  a  number  of  institutes 
and  foundations  for  medical  research,  there  is  none  in  which 
problems  are  approached  primarily  from  the  chemical  stand- 
point. To  a  large  extent,  chemo-medical  research  in  this  country 
has  followed  a  few  lines  opened  up  in  Europe.  The  professor 
in  the  medical  school  has  little  time  for  concentrated  work  on 
fimdamental  problems.  Almost  the  only  research  work  of  the 
government  laboratories  bearing  upon  health  is  that  of  the 
Public  Health  Service,  and  especially  of  the  Hygienic  Labora- 
tory. Data  in  regard  to  the  amount  of  medical  research  in 
industrial  establishments  have  been  hard  to  obtain.  It  may  be 
said,   however,    although   many   pharmaceutical   and   chemical 


manufacturers  maintain  research  organizations  which  have  been 
an  important  factor  in  reaching  our  present  stage  of  progress, 
no  commercial  establishment  can  maintain  a  staff  of  specialists 
in  the  various  branches  of  science  such  as  would  be  required  to 
accomplish  effective  work  of  the  character  now  required. 

It  must  be  said,  without  fear  of  contradiction,  (the  report  con- 
cludes) that  there  is  not  a  single  organization  whose  purpose  is  a 
determined  cooperative  attack  on  the  problems  of  disease  and 
health,  where  intense  chemical  and  physical  research  goes  hand 
in  hand  with  the  medical  and  biological  study  of  disease.  The 
importance  of  chemistry  and  physics  has  been  recognized,  but 
the  direction  of  research  is  still  essentially  in  the  hands  of  medi- 
cal men.  No  one  of  the  scientific  groups  alone  should  be  en- 
trusted with  leadership.  All  are  needed  for  coping  successfully 
with  the  complex  and  formidable  problems.  Complete  coopera- 
tion of  a  staff  of  experts,  peers  in  every  sense,  each  in  his  own 
field,  with  emphasis  on  the  fundamental  chemical  and  physical 
character  of  the  problems,  has  nowhere  been  accomplished. 
Consequently  it  is  proposed  that  the  attack  be  actually  coopera- 
tive, from  the  selection  of  the  problem  and  the  formulation  of 
the  plan  of  work  through  the  whole  concentrated  effort  to  grapple 
with  Nature  and  ultimately  to  conquer  outpost  after  outpost  of 
the  complex  world  of  life. 


Petroleum  Statistics 

Production  of  petroleum  in  the  United  States  in  1921  amoimted 
to  469,6.39,000  bbls.,  representing  an  estimated  value  at  the 
wells  of  $753,300,000.  This  is  the  greatest  quantity  ever  pro- 
duced in  the  United  States  in  any  one  year  and  represents  an 
increase  of  26,237,000  bbls.  over  the  production  of  1920  and  is 
more  than  double  the  quantity  produced  in  the  United  States 
in  1912.  World's  production  figures  for  1921  are  not  yet  known, 
but  preliminary  estimates  indicate  a  total  not  far  from  750,000,000 
bbls.,  as  compared  with  695,000,000  bbls.  produced  in  1920. 

Imports  of  crude  oil  into  the  United  States  during  1921 
amounted  to  125,307,000  bbls.,  as  compared  with  106,175,000 
bbls.  in  1920  and  with  52,822,000  bbls.  in  1919,  these  figures 
corresponding,  respectively,  to  27,  24,  and  14  per  cent  of  the 
domestic  production  of  the  past  three  years.  Exports  of  crude 
oil  during  1921  amounted  to  8,940,000  bbls.  and  during  1920 
to  8,757,000  bbls. 

Estimated  consumption  (deliveries  to  consumers)  of  domestic 
and  imported  crude  oil  during  1921  amounted  to  525,407,000 
bbls.,  as  contrasted  with  530,474,000  bbls.  in  1920.  Consump- 
tion for  the  year  just  ended  therefore  amounted  to  55,768,000 
bbls.  more  than  the  country  produced. 
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Errors  Caused  by  Nitrates  and  Nitrites  in  the  Determination 
of  Arsenic  by  the  Distillation  Method,  and  a  Means 

for  Their  Prevention' 

By  J.  J.  T.  Graham  and  C.  M.  Smith 

Insecticide  and  Fungicide  Laboratory,  Miscellaneods  Division,  Bureau  of  Chemistry,  Washington,  D.  C. 


It  has  been  found  that  nitrhles  and  nitrites  interfere  in  the  official 
method  of  the  Association  of  Official  Agricultural  Chemists  for 
total  arsenic  in  insecticides,  causing  low  results.  This  is  probably 
brought  about  by  the  formation  of  nitrosyl  chloride,  which  passes 
into  the  distillate,  and  there  slowly  oxidizes  the  trivalent  arsenic 
to  the  pentavalent  form. 

This  interference  can  be  prevented  by  the  application  of  the 
method  of  Jannasch  and  Seidel  in  which  hydrazine  sulfate  and 
sodium  bromide  are  used  as  reducing  agents.  In  addition  to  giv- 
ing greater  accuracy,  this  method  hastens  the  volatilization  of  the 
arsenic,  thereby  decreasing  the  time  and  the  amount  of  hydrochloric 
acid  required. 

THE  determination  of  arsenic  by  the  method  of  reduc- 
tion and  distillation  as  arsenic  trichloride  has  been 
the  subject  of  numerous  investigations.  An  ex- 
haustive review  of  the  Uterature  concerning  this  problem 
is  given  by  Roark  and  McDonnell  in  a  paper^  describing  the 
application  of  this  method  to  the  determination  of  arsenic 
in  insecticides.  After  testing  many  substances,  these  authors 
selected  cuprous  chloride  as  the  most  suitable  reducing 
agent.  Following  their  work,  the  Association  of  Official 
Agricultural  Chemists  adopted  this  as  an  "official"  method,^ 
and  it  has  since  been  used  in  the  Bureau  of  Chemistry  with 
generally  satisfactory  results.  However,  in  the  analysis 
of  commercial  calcium  and  lead  arsenates  it  was  found  that 
sometimes  duplicate  determinations  did  not  agi'ee,  and 
that  the  results  were  low  in  comparison  with  those  obtained 
by  the  modified  Gooch  and  Browning  method.'' 

It  was  also  observed  that  delay  between  distillation  and 
titration  accentuated  the  difference.  Impurities  in  the 
reagents  were  at  first  suspected  as  the  cause  of  the  trouble, 
but  after  investigation  it  was  proved  that  the  disturbing 
factor  lay  in  the  sample  itself. 

The  decrease  in  the  titrations  with  the  lapse  of  time  indi- 
cated oxidation  in  the  distillate  and  led  the  writers  to  sus- 
pect the  presence  of  an  oxidizing  substance  in  the  sample. 
In  order  to  cause  the  effect  noticed,  the  interfering  substance 
or  substances  must  either  be  volatile  or  produce  volatile 
products  which  are  oxidizers.  These  conditions,  considered 
in  connection  with  the  process  of  manufacture  of  calcium 
and  lead  arsenates,  practically  limit  the  possible  oxidizing 
substances  to  nitrates  and  nitrites.  Qualitative  tests  on 
a  sample  of  calcium  arsenate  giving  discrepant  results  showed 
the  presence  of  a  considerable  amount  of  nitrate  and  a  trace 
of  nitrite.  Subsequent  determination  of  the  nitrogen  in 
this  sample  gave  results  equivalent  to  3.50  per  cent  of  nitrogen 
pentoxide.  In  all  cases  in  which  trouble  was  experienced 
nitrates  wore  found.  Working  upon  this  suggestion,  experi- 
ments were  planned  to  determine  more  definitely  the  action 
of  nitrates  and  nitrites  and  to  devise  a  modification  of  the 
method  to  overcome  this  source  of  error. 

Standard  Solutions 

The  following  standard  solutions  were  prepared: 
AKSENic  ACID — A  Solution  was  prepared  from  solid  arsenic 

'  Received  October  22,  1921. 

2  This  Journal,  8  (1916),  327. 

«  Assoc.  Onicial  Apr.  Chemists'  Methods,  2nd  edition  (1920),  64. 

•  Dept.  of  ABricuUurc.  Chcm.  Bull.  105  (1907).  166. 


acid  which  had  been  purified  by  several  crystallizations 
from  water.  It  contained  2G.05  g.  of  arsenic  pentoxide 
per  liter,  as  determined  by  analysis  both  by  the  official  dis- 
tillation method^  and  by  the  Gooch  and  Browning  method 
of  reduction  with  potassium  iodide  and  subsequent  titration 
with  standard  iodine  solution. 

NITRATE  SOLUTIONS — (1)  a  solution  containing  10.0  g. 
of  lead  nitrate  per  Mter;  (2)  a  solution  containing  4.954  g. 
of  calcium  nitrate  per  liter. 

NITRITE  SOLUTION — A  solution  containing  4.167  g.  of 
sodium  nitrite  per  liter  (the  same  concentration  of  nitrogen 
as  in  the  standard  nitrate  solutions). 

Experimental  Procedure 

The  analyses  were  made  on  25-cc.  samples  of  the  arsenic 
pentoxide  solution  to  which  were  added  varying  amounts 
of  the  nitrate  or  nitrite  solutions.  (The  weight  of  calcium 
arsenate  usually  taken  for  analysis  is  1.5  g.,  so  that  on  this 
basis  the  amount  of  nitrate  introduced  with  25  cc.  of  the 
standard  nitrate  solutions  is  equivalent  to  about  5.4  per 
cent  of  nitrogen  pentoxide  in  a  commercial  sample.)  In 
the  experimental  procedure  the  official  method  was  followed 
except  as  noted,  and  all  determinations  were  made  in  dupli- 
cate. The  reducing  agents  were  first  introduced  into  the 
distillation  flasks,  then  aUquot  portions  of  the  arsenic  pent- 
oxide and  of  the  nitrate  or  nitrite  solutions  were  added  by 
means  of  pipets,  followed  by  100  cc.  of  concentrated  hydro- 
chloric acid.  A  total  of  250  cc.  of  hydrochloric  acid  was 
used  in  each  determination.  The  distillates  were  made  to  1 
liter,  and  aliquot  parts  were  titrated  according  to  the  bromate 
method  of  Gyory,^''^  as  presented  to  the  Association  of  Official 
Agricultural  Chemists  by  the  referee  on  insecticides  and 
fungicides  at  the  1920  meeting.  As  the  proceedings  of  this 
meeting  have  not  yet  been  published,  the  details  of  the  method 
will  be  quoted  here: 

Transfer  200-cc.  aliquots  of  the  distillate  to  500-cc.  Erlen- 
meyer  flasks,  heat  to  90°  C,  and  titrate  with  the  standard  potas- 
sium bromate  solution  (1.688  g.  potassium  bromate  to  1  liter 
of  water  standardized  against  arsenious  oxide  in  approxi- 
mately 2  N  HCl),  using  methyl  orange  as  indicator.  The  indi- 
cator should  not  be  added  until  near  the  end  of  the  titration, 
and  the  solution  should  be  rotated  continuously  to  avoid  any 
local  excess  of  the  titrating  solution.  The  end  of  the  reaction 
is  indicated  by  a  change  from  red  to  colorless  and  is  very  sharp. 

The  first  experiments  showed  conclusively  that  both 
nitrates  and  nitrites  had  a  marked  effect  on  the  results. 
When  0.25  g.  of  lead  nitrate  was  used  the  distillate  in  the 
receiving  flask  was  decidedly  yellow  and  even  0.05  g.  caused 
a  shght  yellow  coloration.  Nitrites  produced  the  same 
effect.  This  color  disappeared  when  the  distillates  were 
made  to  volume  in  a  liter  flask.  On  heating,  the  distillate 
slowly  destroyed  the  color  of  methyl  orange,  but  the  fading 
was  not  sufficiently  rapid  to  interfere  with  the  titration. 
Aliquot  iiortions  titrated  at  successive  intervals  showed  a 
steady  decline  in  the  arsenic  value. 

•  Z.  anal.  Chem.,  33  (1893),  415. 

*  Enough  experiments  were  made  to  show  that  the  bromate  method 
gave  the  same  results  ns  the  iodine  titration  method,  nnd  it  was  used  be- 
cause of  its  directness  nnd  srcater  speed. 
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Table  I — Effect  of  Nitrates  and  Nitrites  on  Determination  of  Arsenic  by  Distillation 
(Arsenic  pentoxide  taken  in  each  experiment  0.1303  g.) 


Vol.  14,  No.  3 


. Rbducihg  Aosnts — 

Cuprous 

Chloride  Additional 

Grams  Grams 


5 
5 
S 

5 
5 
15 
5 
5 
5 
5 
5 
5 
5 
5 
5 
S 
5 
5 
5 
S 
5 


FeS04  10 
FeSO.  10 
NaBr  1 
NaBr  1 

Aniline  oil  1  (cc.) 
Aniline  oil  5  (cc.) 
Aniline  oil  6  (cc.) 
NH.Cl  2 

NH.Cl  2+NaBr  1 
Hydrazine  sulfate  2 
Hydrazine  sulfate  2 
Hydrazine  sulfate  2 
Hydrazine  sulfate  1 
Hydrazine  sulfate  1 
Hydrazine  sulfate 
0.5  +  NaBr  1 

5  Hydrazine  sulfate  1 

+  NaBr  1 

5  Hydrazine  sulfate  1 

+  NaBrl 
Hydrazine  Sulfate 

4  

2  

2  

3  NaBr  1 
2  NaBr  1 
1  NaBr  1 
1               NaBr  1 


Lead  Calcium 

Nitrate  Nitrate 

Taken  Taken 

Grams  Grams 


Sodium   ^— 


-Arsenic  Pentoxtde  Found,  Grams- 


0.05 
0.25 


0.25 
0.25 

0^25 

0^25 
0.25 

o!25 
0.25 
0.25 


0.25 
0.25 


0.25 
0.25 


0.25 
o!25 


0.124 


0.124 
0!i24 


0.124 

0!l24 


0.124 

0!i24 
0!i24 
0!i24 


Nitrite  Titrated  Titrated  Titrated  Titrated  Titrated      Titrated 
Taken      Imme-      after  after      after         after  after 

Grams    diately     4  Hrs.      1  Day     2  Days     3  Days     (*)  Days 


— Properties  oe  Distiulatb— ^ 
Bleaching 
Action  on  Methyl 
Color       Orange  at  90°  C. 


0.104 


0.104 


0.104 


0.1303 
0.1303 
0.1289 
0.1301 
0.1257 
0.1296 
0.1276 
0.1303 
0.1277 
0.1303 
0.1300 
0.1323 
0.1341 
0.1292 
0.1291 
0.1303 
0.1.303 
0.1303 
0  1303 
0.1303 


0.1270 


0.1291 
0!i277 


0.1303 

oiisoi 


0.1279 
0.1146 
0.1200 
0.1075 
0.1220 
0.1234 
0.1256 
0.1170 
0.1195 
0.1262 
0.1297 
0.1329 


0.1303 
0.1303 
0.1303 
0.1300 

0.1298 


0.1303 
0.1268 
0.1082 
0.1169 

0!i266 
0.1215 
0.1235 
0.1120 
0.1169 


0.1303  (18) 
0.1258  (10) 
0,1051  (10) 


0.0950 


0.0920  (5) 
0.1186  (18) 
0.1193  (18) 


0.1054  (18) 


0.1113 
0.1103 
0.1303 

0. 1303 

0!i298 


0.1303 


0.1043  (5) 
0.1015  (5) 
0.1303  (18) 
0.1303  (5) 


0.1295  0.1291  (5) 


0.1299   0.1277  0.1277  0.1266(10) 

0.1303   0.1303  0.1303  0.1303(10) 

0.1303  0.1303  0.1303  0.1303   


0.1212 
0.1009 
0.0908 
0.1303 
0.1303 
0.1303 
0.1303 


0.0908 

o'isos 


0.1303 


0 

,1212 

0 

1212 

0 

,1009 

0 

1009 

0 

,0908 

0 

0908 

0, 

1303 

0, 

1303 

0. 

1303 

0, 

1303 

0, 

1303 

0. 

1303 

0, 

1303 

1212  (18) 
1009  (18) 


0.1303(18) 

o.isos   o.isos'ds) 


None 

Light  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Decided  yellow 
Light  brown 
None 
None 
None 
None 

None 

None 

None 

Light  brown 

Dark  brown 

None 

Light  brown 

None 

None 

None 


None 

Marked 

Marked 

Marked 

Marked 

Marked 

Marked 

Marked 

Marked 

Marked 

Marked  t 

Marked  t 

Slightt 

Marked 

Marked 

None 

None 

None 

Slight 

Slight 

SUght 

None 

None 

None 
None 
None 
None 
None 
None 
None 


*  The  numbers  in  parentheses  indicate  the  number  of  days  having  elapsed  at  the  time  of  the  last  titration, 
t  Strong  odor  of  aniline. 


Reducing  Agents 

Having  demonstrated  that  nitrates  and  nitrites  cause 
low  results,  the  next  step  was  to  find  a  method  of  reduction 
whereby  the  arsenic  could  be  accurately  determined  in  the 
presence  of  these  substances.  Experiments  were  made  with 
various  reducing  agents  and  combinations  thereof,  using 
in  every  case  25  cc.  each  of  the  standard  arsenic  solution 
and  nitrate  or  nitrite  solution.  The  use  of  a  larger  quantity 
of  cuprous  chloride  was  first  tried,  but  even  15  g.  of  this 
material  made  practically  no  change  in  the  results.  Ferrous 
sulfate  in  combination  with  cuprous  chloride  gave  distillates 
which  were  decidedly  yellow,  oxidized  methyl  orange  very 
rapidly,  and  showed  a  more  rapid  decline  in  the  arsenic 
value  than  when  cuprous  chloride  was  used  alone.  Rohmer' 
noticed  that  hydrobromic  acid  accelerated  the  reducing 
action  of  sulfur  dioxide,  and  attributed  to  it  a  catalytic 
effect.  This  suggested  the  use  of  sodium  bromide  in  com- 
bination with  cuprous  chloride.  Distillations  made  in  this 
way,  however,  showed  only  a  slight  improvement  over  those 
made  with  cuprous  chloride  alone. 

Jannasch  and  SeideP  found  that  hydrobromic  acid  to- 
gether with  a  salt  of  hydrazine  gave  excellent  results  in  the 
reduction  of  arsenic.  Since  hydrazine  is  such  a  strong  re- 
ducing agent  it  seemed  likely  that  it  might  destroy  the  nitrates 
as  well  as  reduce  the  arsenic.  It  was  used  at  first  alone  and 
then  in  combination  with  cuprous  chloride  and  with  sodium 
bromide.  The  use  of  hydrazine  sulfate  alone  eliminated 
the  yellow  color  and  prevented  the  gradual  oxidation  of  the 
distillate,  but  the  arsenic  was  not  completely  reduced  in 
the  time  required  to  obtain  250  cc.  of  distillate  (30  to  40 
min.),  even  when  as  much  as  4  g.  of  hydrazine  sulfate  were 
employed.  (This  is  in  accord  with  the  results  of  Jannasch 
and  Seidel,  who  found  that  several  hours  were  required  to 
secure  complete  reduction  by  hydrazine  sulfate  alone.) 
When  the  distillations  were  made  with  5  g.  of  cuprous  chloride 
and  1  g.  of  hydrazine  sulfate  the  arsenic  was  completely 
reduced,  but  the  oxidation  of  the  distUlate  was  not  elimi- 

'  Ber.,  3«  (1901).  33. 

'Ibid.,  43  (1910),  1218,  J.  prakl.  Chtm.,  91  (1915),  133. 


nated.  Wlien,  however,  the  hydrazine  sulfate  was  increased 
to  2  g.  the  oxidation  of  the  distillate  was  completely  pre- 
vented. Jannasch  and  Seidel  found  that  the  addition  of 
a  bromide  to  the  hydrazine  sulfate  greatly  hastened  the 
reduction  of  the  arsenic,  and  the  writers  have  found  that 
sodium  bromide  and  hydrazine  sulfate  when  added  to  the 
cuprous  chloride  also  completely  destroy  nitrates.  Later 
experiments  showed  that  equally  as  good  results  were  ob- 
tained without  the  use  of  cuprous  chloride.  One  gram  of 
hydrazine  sulfate  and  1  g.  of  sodium  bromide  proved  suflS- 
cient  where  the  quantity  of  arsenic  pentoxide  present  did 
not  exceed  0.75  g. 

The  investigation  included  some  attempts  to  find  a  satis- 
factory substance  to  destroy  the  nitrates,  which  would  be 
cheaper  than  the  hydrazine  sulfate.  Ammonium  chloride 
and  anUine,  ouing  to  their  loiown  action  on  nitric  acid  and 
nitrites,  respectively,  were  tried  but  proved  to  be  of  no  value. 
The  conditions  to  be  fulfilled  in  this  distillation  are  so  cir- 
cumscribed that  the  list  of  possible  substances  as  reducing 
agents  is  limited. 

Results  of  Experiments 

The  results  given  in  Table  I  show  conclusively  that,  in 
the  presence  of  nitrates  (or  nitrites),  the  distillation  method 
for  arsenic  as  ordinarily  carried  out,  using  cuprous  chloride 
or  cuprous  chloride  and  ferrous  sulfate  as  the  reducing  agents, 
gives  low  results.  This  is  due  to  some  volatile  substance, 
possibly  nitrosyl  chloride,  carried  over  in  the  distillate  that 
oxidizes  the  arsenic  trioxide.  The  extent  of  this  oxidation 
depends  largely  upon  the  length  of  time  the  distillate  stands 
before  titration.  Where  a  number  of  distiUations  are  being 
carried  on  at  the  same  time,  it  is  impossible  to  titrate  all 
of  them  immediately  and  the  error  caused  by  this  oxidation 
may  be  a  very  material  one.  This  error  may  be  avoided 
by  the  use  of  hydrazine  sulfate  as  the  reducing  agent,  or 
preferably  hydrazine  sulfate  and  sodium  bromide,  in  which 
case  the  reduction  takes  place  much  more  rapidly.  The 
nitrates  and  nitrites  are  probably  reduced  to  nitrogen  by  the 
hydrazine  sulfate. 
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Tablh  II — Comparison  op  Official  and  Hydrazine  Distii.i,ation  Methods 


Method  of 

No. 

Material  Analyzed 

Distillation 

15794 

Calcium  arsenate 

Official 
Hydrazine 

15516 

Calcium  arsenate 

Official 
Hydrazine 

16468> 

Calcium  arsenate 

Official 
Hydrazine 

157921 

Calcium  arsenate 

Official 
Hydrazine 

T1127 

Calcium  arsenate 

Official 
Hydrazine 

T  1128 

Calcium  arsenate 

Official 

Hydrazine 

T1776 

Calcium  arsenate 

Official 
Hydrazine 

16333 

Lead  arsenate 

Official 
Hydrazine 

1  ContaiDed  only  a  trace  of  nitrates  by  phen< 

Arsenic  Oxide  Found, 

Titrated           Titrated 

Grams 

Titrated 

Titrated 

-—Properties 

OF  Distillates—. 
Bleaching    Ac- 

Titrated 

after 

after 

after 

after 

tion  on  Methyl 

Immediately 

4  Hrs. 

1  Day 

2  Days 

9  Days 

Color 

Orange  at  90°  C. 

0.1248 

0.1241 

0.1239 

0.1231 

None 

Marked 

0.1251 

0.1251 

0.1251 

0.1251 

None 

None 

0.1242 

0.1237 

0.1234 

0.1231 

None 

Marked 

0.1246 

0.1246 

0.1246 

0.1246 

None 

None 

0.12S7 

0,1287 

0.1287 

0.1287 

None 

None 

0.1293 

0.1293 

0.1293 

0.1293 

None 

None 

0.1219 

0.1219 

0.1219 

0.1219 

None 

None 

0.1222 

0.1222 

0.1222 

0.1222 

None 

None 

0.1281 

0.1270 

0.1256 

0.1250 

0.1237 

Yellow 

Marked 

0.1281 

0.1281 

0.1281 

0.1281 

None 

None 

0.1241 

0.'i231 

0.1210 

0.1193 

0.1172 

Yellow 

Marked 

0.1241 

0.1241 

0.1241 

0.1241 

None 

None 

0.1099 

o.'iosg 

0.1067 

0.1053 

0.1048 

Yellow 

Marked 

0.1101 

0.1101 

0.1101 

0.1101 

None 

None 

0.1188 

oiiiss 

0.1179 

0.U7S 

Very  light  yellow       Slight 

0.1188 

0.1188 

0.1188 

0.1188 

None 

None 

lolsulfonic  acid  test. 

Modified  Method' 

REAGENTS.  Starch  Indicator — Mix  about  0.5  g.  of  finely 
powdered  potato  starch  with  cold  water  to  a  thin  paste; 
pour  into  about  100  cc.  of  boiling  water,  stirring  constantly, 
and  discontinue  heating  immediately  after  the  paste  is 
added. 

Standard  Arsenic  Trioxide  Sohdion — Dissolve  2  g.  of  pure 
arsenic  trioxide  in  a  beaker  by  boiling  with  about  150  to 
200  cc.  of  water  containing  10  cc.  of  concentrated  sulfuric 
acid,  cool,  transfer  to  a  500-cc.  graduated  flask,  and  dilute 
to  the  mark. 

Standard  Iodine  Solution — Prepare  an  approximately  0.05 
A'^  solution  as  follows:  Mix  intimately  6.35  g.  of  pure  iodine 
with  twice  its  weight  of  pure  potassium  iodide.  Dissolve 
in  a  small  amount  of  water,  filter,  and  dilute  the  filtrate  to 
1  liter  in  a  graduated  flask.  Standardize  as  follows:  Pipet 
50  cc.  of  the  arsenic  trioxide  solution  into  an  Erlenmeyer 
flask,  dilute  to  about  200  cc,  neutraUze  with  sodium  bi- 
carbonate, add  4  to  5  g.  in  excess  and  add  the  standard 
iodine  solution  from  a  buret,  shaking  the  flask  continuously, 
until  the  yeUow  color  disappears  slowly  from  the  solution, 
then  add  5  cc.  of  the  starch  indicator  and  continue  adding 
the  iodine  solution  drop  by  drop  until  the  permanent  blue 
color  is  obtained.  Calculate  the  value  of  the  standard 
iodine  solution  in  terms  of  arsenic  trioxide  and  arsenic  pent- 
oxide. 

Standard  Bromate  Solution — Dissolve  1.688  g.  of  pure 
potassium  bromate  in  water  and  dilute  to  1  liter.  Stand- 
ardize as  follows:  Pipet  25  cc.  of  the  arsenic  trioxide  solution 
into  an  Erlenmeyer  flask,  add  15  cc.  of  concentrated  hydro- 
chloric acid,  dilute  to  100  cc,  heat  to  90°  C,  and  titrate  with 
the  bromate  solution,  using  methyl  orange  as  indicator. 
The  indicator  should  not  be  added  until  near  the  end  of  the 
titration,  and  the  flask  should  be  rotated  continuously  in 
order  to  avoid  any  local  excess  of  the  bromate  solution. 
The  end-point  is  shown  by  a  change  from  red  to  colorless, 
and  the  bromate  should  be  added  very  cautiously  when 
approacliing  the  end  of  the  titration. 

Hydrazine  Sulfate  and  Sodium  Bromide  Solution — Dissolve 
20  g.  of  hydrazine  sulfate  and  20  g.  of  sodium  bromide  in 
1  liter  of  dilute  (1:4)  hydrochloric  acid. 

DETERMINATION — Weigh  accurately  an  amount  of  the 
sample  containing  the  equivalent  of  not  more  than  0.6  g. 
of  arsenic  pentoxide  and  tran.«fer  to  a  distilling  flask.  Add 
50  cc.  of  the  solution  of  hydrazine  sulfate  and  sodium  bromide 
and  close  the  flask  with  a  stopper  through  which  passes  the 
stem  of  a  dropping  funnel.  Connect  to  a  well-coolcd  con- 
denser, the  delivery  end  of  which  is  attached  to  the  system 
of  flasks  described  by  Roark  and  McDonnell,'  omitting  the 

'  In  working  out  the  details  of  this  method  it  was  assumed  that  com- 
mercial calcium  or  lead  arsenates  would  never  contain  nitrates  in  excess 
of  5  per  cent  NjOs.  In  the  case  of  mixtures  containing  more  than  this  amount, 
the  method  may  require  some  modification. 


third  flask.  Boil  for  2  or  3  min,,  then  add  100  cc.  of  con- 
centrated hydrochloric  acid  by  means  of  the  dropping  funnel 
and  distil  until  the  volume  in  the  distilling  flask  is  reduced 
to  about  40  cc. ;  add  an  additional  50  cc  of  concentrated 
hydrochloric  acid  and  continue  the  distillation  until  the  con- 
tents of  the  flask  are  again  reduced  to  about  40  cc.  Wash 
down  the  condenser,  transfer  the  contents  of  the  receiving 
flasks  to  a  l-Uter  graduated  flask,  make  to  volume,  and 
mix  thoroughly.  Pipet  a  200-cc.  ahquot  to  a  500-cc.  Erlen- 
meyer flask,  nearly  neutralize  with  sodium  hydroxide,  finish 
the  neutralization  with  sodium  bicarbonate,  add  4  to  5  g. 
in  excess  and  titrate  with  standard  iodine  solution,  using 
starch  solution  as  indicator;  or  to  the  200-cc.  aliquot  add  10 
cc.  of  concentrated  hydrochloric  acid  and  titrate  with  stand- 
ard bromate  solution,  as  previously  described  in  this  paper. 

With  a  sample  equivalent  to  0.6  g.  of  arsenic  pentoxide, 
practically  all  of  the  arsenic  is  distilled  over  in  the  first  50 
cc.  of  the  distillate,  which  is  a  much  more  rapid  volatihzation 
than  that  which  occurs  in  the  official  distillation  method. 
A  total  distillate  of  150  cc.  is  sufficient  to  insure  complete 
distillation  of  the  arsenic  The  method  has  been  appUed 
to  the  analysis  of  commercial  samples  of  calcium  arsenate, 
lead  arsenate,  and  other  arsenical  insecticides  containing 
nitrates,  with  most  satisfactory  results  in  all  cases.  Table 
II  shows  the  results  obtained  by  the  "official"  and  by  the 
modified  method  on  commercial  samples  of  lead  and  calcium 
arsenates  containing  nitrates.  In  the  case  of  the  calcium 
arsenates  1.5  g.  of  sample  were  taken  for  the  determination 
and  2  g.  in  the  case  of  lead  arsenates.  The  titrations  were 
made  on  aliquot  portions  representing  0.3  and  0.4  g.  of 
sample,  respectively. 

The  figures  in  Table  II  show  that  while  there  is  fairly 
close  agreement  between  the  results  by  the  two  methods 
when  the  titrations  are  made  immediately  after  distillation, 
in  some  instances  the  official  method  gives  lower  results, 
and  when  the  titration  is  delayed  for  several  hours  the  results 
by  the  official  method  are  lower  in  every  case.  The  maximum 
difference  after  9  days  amounts  to  more  than  5  per  cent  of 
the  arsenic  present. 


Turpentine  and  Rosin  Statistics 

The  production  of  naval  stores  this  season  (1921-22)  up  to 
August  1,  according  to  reports  received  from  producers  by  the 
Bureau  of  Chemistry,  United  States  Department  of  Agriculture, 
was  approximately  227,000  casks  of  gum  turpentine  and  001,000 
round  barrels  of  gum  rosin.  Estimates  on  production  for  the 
balance  of  the  season  indicate  a  probable  total  production  for 
the  entire  season  of  about  427,000  casks  of  gum  turpentine  and 
1,320,000  rotmd  barrels  of  gimi  rosin. 

Stocks  held  by  producers  at  the  stills  on  August  1,  1921,  show 
an  increase  over  similar  stocks  on  April  1,  1921,  of  about  ."iO  per 
cent.  Stocks  held  by  consumers  on  August  1,  1921,  were  prac- 
tically the  same  as  they  were  on  April  1. 
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Leavens:  Their  Action  and  Measurement' 

By  Clarke  E.  l)avls'  and  Donald  J.  Maveety 

Research  Laboratory,  Nationai,  Biscuit  Co.,  New  York,  N.  Y. 


LEAVENING  is  the  process  of  forming  in  a  dough 
bubbles  of  gas  which  escape  in  baking  and  leave  a 
hght  and  porous  texture  in  the  baked  product.  A 
leavening  action  takes  place  when  a  carbonate  or  bicarbon- 
ate is  acted  upon  by  an  acid  or  acid  salt.  The  simplest 
form  of  leavening  is  by  the  aid  of  steam.  A  fairly  good 
result  is  obtained  by  baking  a  mixture  of  flour  and  water, 
where  the  texture  is  produced  by  the  escaping  steam.  The 
most  familiar  type  of  product  leavened  in  this  way  is 
army  bread  or  pilot  bread. 

Soda  (sodium  bicarbonate)  through  the  agency  of  heat  is  a 
simple  form  of  leavening  agent  and  may  be  used  alone  in 
quantities  which  will  not  leave  the  bad  aftertaste  due  to  excess 
soda.  This  amount  is  about  1.5  lbs.  sodium  bicarbonate 
per  barrel  of  flour.  Ammonium  bicarbonate  (NBUHCO3) 
and  the  so-called  ammonium  carbonate,  a  mixture  of  the 
bicarbonate  and  the  carbamate  (NH4HCO3  and  NII4CO2NH2), 
decompose  with  heat,  liberating  ammonia  gas  and  carbon 
dioxide  and  thus  giving  a  double  leavening  value.  More 
complex  mixtures  are  represented  by  sodium  bicarbonate  with 
primary  phosphates  of  sodium  or  calcium,  phosphoric  acid, 
tartaric  acid,  cream  of  tartar,  sodium  aluminium  sulfate,  etc. 

Great  confusion  prevails  as  to  the  chemical  reactions 
which  occur  when  such  chemicals  are  mixed.  Hart^  gives 
the  following  reactions: 

3  CaHi  (P04)2  +  8  NaHCOs  =  8  CO2  -1-  8  H2O  +  Cas  (P04)2  + 
702  672  352  144  310 


4  NajHPO, 
568 


KHCHiOe  +  NaHCOa 
188  84 


CO2  +  H2O  +  KNaCiH^Oe 
44  18  210 


Leach'  gives  the  following  reactions: 


CaH4(POi)o  +  2  NaHCOa  ■■ 
234  168 


^  2  COj  +  2  H2O  +  CaHPO,  +  NajHPO, 
88  36  136  142 


KHC4H1OJ  +  NaHCOj  =  CO2  +  H2O  -t-  KNaCiHiOe 
188  84  44  18  210 


H2C4H4O6  +  2  NaHCO, 
150  168 


2  CO2  +  Na2C4H40e.2  H2O 
88  230 


Patten^  gives  the  following  reactions: 

3  CaHi  (P04)2  +  4  NaHCOa  =  4  CO2  -|-  4  H2O  +  Caj  (POi)!  4- 
702  336  176  72  310 

4  NaH2P04 
480 

3  CaH4  (P04)i  -1-  8  NaHCO,  =  8  CO2  +  8  H2O  +  Cas  (P04)2  + 
702  672  352  144  310 

4  Na2HP04 
568 

In  order  to  determine  the  weight  ratios  of  sodium  bicar- 
bonate and  the  different  acids  and  acid  salts,  the  chemical 
reactions  must  be  definitely  known.  In  the  case  of  tartaric 
acid  and  cream  of  tartar  the  reactions  needed  to  be  checked 
for  the  purposes  of  the  present  investigation.  In  the  case 
of  phosphoric  acid  and  primary  calcium  phosphate  some 

'  Presented  before  the  Division  of  Agricultural  and  Food  Chemistry 
at  the  62nd  Meeting  of  the  American  Chemical  Society,  New  York,  N.  V., 
September  6  to  10.  1921. 

•  Published  as  Contribution  No.  3  from  the  Research  Laboratory  of  the 
National  Biscuit  Co. 

'  Consulting  Chemical  Engineer,  National  Biscuit  Co. 

•  "Leavening  Agents."  52. 

'"Food  Inspection  and  Analysis,"  4tb  edition,  349. 

•  /.  Assoc.  Official  Agr.  Chcm.,  2  (1917),  227. 


question  existed  as  to  the  ultimate  end  of  the  reactions. 
The  purpose  of  the  writers  was  to  determine  the  weight  of 
sodium  bicarbonate  or  carbonate  which  would  react  with  a 
given  weight  of  phosphoric  acid  or  primary  calcium  phosphate. 

Experimental 

TITRATION — Direct  determinations  of  acidity  by  titration 
with  standard  sodium  hydroxide  gave  the  following  results, 
in  percentages  of  the  acids  involved: 

Per  cent 

Tartaric  acid  (Phenolphthalein) 99 . 6 

Cream  of  tartar  (Phenolphthalein) 100 . 4 

Phosphoric  acid  (Methyl  orange) 50.0 

It  was  found  impossible  to  analyze  primary  calcium  phosphate 
by  titration. 

ELECTROMETRic  TiTRAiiON — The  acid  reacting  substances 
were  titrated  electrometricaUy  with  standard  sodium  hy- 
droxide in  order  to  discover  any  possible  irregularities  with  the 
different  acids.  The  method  and  apparatus  used  were  those 
described  by  Beans  and  Oakes.'  The  apparatus  was  stand- 
ardized by  titration  of  0.1  M  hydrochloric  acid  with  0.1  M 
sodium  hydroxide.  (See  Fig.  1.)  Measurements  were  made 
with  the  same  alkali  against  tartaric  acid,  cream  of  tartar, 
phosphoric  acid  (commercial),  and  primary  calcium  phos- 
phate with  the  results  indicated  in  Figs.  2,  3,  4,  and  5.  The 
curves  represent  simple  electrometric  measurements  of 
hydrogen  ion  designed  for  comparison  with  the  acidity 
shown  by  indicator  titration.  The  abrupt  changes  in  the 
curves  correspond  to  the  sudden  changes  shown  by  indicators 
and  represent  the  end-points  of  the  displacement  of  a  first  or 
second  hydrogen.  The  middle  points  of  the  upward  breaks 
represent  these  values: 

Pfer  cent 

Tartaric  acid 99.8 

Cream  of  tartar 99.4 

Phosphoric  acid 52 . 7 

Primary  calcium  phosphate 86 . 8 

CO2  EVOLVED — In  order  to  determine  directly  the  weight 
ratios  existing  between  the  carbonate  and  the  acid  or  acid 
salt,  the  weight  of  carbon  dioxide  given  off  by  the  reactions 
was  measured  by  means  of  an  absorption  train.  The  reacting 
materials  were  weighed  into  an  Erlenmeyer  flask,  COrfree 
water  was  added,  and  the  reaction  carried  to  the  end  by  the 
aid  of  heat.  Sodium  carbonate  was  used  because  sodium 
bicarbonate  breaks  down  with  heat. 

Table  I  shows  the  results  obtained  by  actual  carbon  dioxide 
measurements. 

Table  I 

Measured  Theoretical 

NajCOi           COi  COi 

Acid                               Grams          Grams  Grams  Grams 

Tartaric 0.5000         0.3516  0.1441  0.1460 

Cream  of  tartar 1.2370         0.3500  0.1440  0.1454 

Phosphoric 1.3878         1.000  0.3225  0.3284 

Tartaric  acid  and  cream  of  tartar  were  mixed  with  sodium  . 
carbonate  in  stoichiometric  proportions.  In  the  case  of 
phosphoric  acid,  the  carbonate  was  added  in  excess.  These 
results  show  the  reactions  in  the  cases  of  tartaric  acid  and 
cream  of  tartar  to  have  been  direct  neutralization  of  all  the 
hydrogen  ion  of  the  acids.  (See  equations  in  introduction.) 
In  the  case  of  phosphoric  acid,  two-thirds  of  the  hydrogen 
ion  were  neutralized  and  there  action  came  to  an  end  with  the 
formation  of  Na2HP04,  disodium  phosphate: 

'  J.  Am   Chem.  Soc,  42  (1920),  2116. 
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from  the  acid  phosphate  used, 
and  sodium  carbonate  was  in 
excess.  This  last  experiment  gave 
carbon  dioxide  corresponding  to  the 
reaction  which  has  Ca3(P04)2,  neutral 
calcium  phosphate,  and  Na2HP04, 
disodium  phosphate,  as  its  end- 
products,  and  did  not  stop  with 
the  formation  of  CaHP04,  secon- 
dary calcium  phosphate. 

3  Ca(HjP04)2  +  4  NaiCO.,-^4  CO2 
702  424  176 

+  4  H2O  +  CaaCPO^)^  +  4  Na2HP04 
72  310  568 


CC    O.IMNcOH- 
10     15    20    25    30    35    40   45    SO 


2.0- 


Converted     to 
equation  reads 

3  Ca(H2P04)2+  8  NaHCOa: 
702  672 


bicarbonate,      the 


,  8CO2 
352 


+  8H,0  +  CasCPOi)"  +  Na2HP04. 
144  310  568 


H,P04  +  NazCO, 
98  106 


CO2  +  H2O  -f-  NajHPOi 
44  18  142 


Converted  to  bicarbonate,  this  equation  becomes 


HjPO*  -f-  2  NaHCO, 
98  168 


2  CO2  +  2  HaO  -f-  NajHPO, 
88  36  142 


When  primary  calcium  phosphate  reacts  with  sodium 
carbonate,  different  results  are  obtained,  depending  on  the 
ratio  of  acid  to  base  and  on  the  time  of  the  reaction  as  indi- 
cated in  Table  11. 


Table  II 

Primary  Calcium 

COt 

Theoretical 

Phosphate 

NaiC03 

Produced 

Time 

CO. 

Grams 

Grams 

Grams 

Hrs. 

Grams 

1.000 

0.4716 

0.1756 

1.0 

0.1957 

1.000 

0.4716 

0.1920 

1.5 

0.1967 

1.000 

1.000 

0.2076 

1.0 

0.2170 

1.000 

1.000 

0.2170 

2.5 

0.2170 

In  the  first  two  experiments  of  Table  II  the  theoretical 
carbon  dioxide  was  calculated  from  the  amount  of  sodium 
carbonate  used,  and  an  excess  of  acid  phosphate  was  present. 
In  the  last  two  the  theoretical  carbon  dioxide  was  calculated 


In  order  to  determine  whether  Ca3(P04)2  or  CaHPOi  is 
formed  in  a  solution  which  is  not  strongly  alkaline,  sodium 
carbonate  and  primary  calcium  phosphate  were  used  in 
proportions  to  give  the  reaction 


Ca(H2P04)2  +  NajCO,: 
234  106 


:C02+  H2O  +  CaHPOi  -t-  Na-HPO, 
44  18  136  142 


or,  converted  to  bicarbonate, 

Ca(H2P04)2  +  2  NaHCO,  Z^  2  COj  -1-  2  H2O  +  CaHPO,  + 
234  168  88  36  136 

Na2HP04 
142 

and  the  carbon  dioxide  was  collected  and  weighed.  The 
material  remaining  in  the  reaction  flask  was  filtered  and 
separate  determinations  with  additional  sodium  carbonate 
were  conducted  on  filtrate  and  precipitate.  If  carbon 
dioxide  were  developed  by  the  action  of  the  solid  res^idue, 
it  would  prove  that  material  to  be  not  Ca3(P04)j  but  CaHP04. 
The  results  arc  given  in  Table  III. 
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Table  III 

NajCOs 

Grams 

Primary  calcium  phosphate  1.171  g.    0.460 

Filtrate 1 .000 

Precipitate 1.000 


C02 

Ca'-ciiim 

Grams 

Grams 

0.1845 

0.1810 

0.0477 

0.00591 

0.0367 

0.17401 

}o. 


1799 


Results  show  that  the  filtrate  contained  no  appreciable 
amount  of  calcium  salt.  Both  the  soUd  and  the  Uquid  were 
acid  in  reaction,  as  evidenced  by  liberation  of  carbon  dioxide 
upon  addition  of  sodium  carbonate.  The  liquid  contained 
both  NaH2P04  and  Na2HP04  because  the  previous  experi- 
ments showed  that  with  phosphoric  acid  the  reaction  could 
go  no  farther  than  Na2HP04,  and  the  development  of  carbon 
dioxide  in  the  liquid  must  have  been  due  to  the  acid  phos- 
phate, NaH2P04.  A  small  amount  of  calcium  existed  in 
solution,  probably  as  CaHP04.  The  solid  was  made  up  of 
a  mixture  of  Ca3(P04)2  and  CaHP04.  The  tertiary  phos- 
phate must  be  present  to  a  certain  ejftent,  depending  upon 
the  concentration  of  hydroxyl  ion.  The  intermediate 
product,  the  secondary  phosphate,  will  liberate  carbon  dioxide 
in  presence  of  carbonate.     So,  too,  would  the  primary  phos- 


phate, but  in  the  presence  of  the  tertiary  phosphate  the 
primary  would  react  to  form  the  secondary.  To  establish 
the  equilibrium  there  must  be  present  a  little  primarj'  phos- 
phate. There  is  a  complicated  equUibrium  in  the  solution, 
and  between  soUd  and  solution,  which  is  disturbed  by  the 
action  of  an  excess  of  Na2C03.  Na2HP04  and  Ca3(P04)i 
are  produced  in  entirety  only  where  a  large  excess  of  hydroxyl 
ions  is  present. 

Conclusions 

1 — Results  were  obtained  which  give  the  ratios  of  sodium 
bicarbonate  and  acid  leavens  to  be  used  for  complete  neutral- 
ization. 

2 — Electrometric  titration  curves  of  some  acid  leavens 
have  been  made. 

3 — The  reaction  of  sodium  bicarbonate  and  primary 
calcium  phosphate  depends  upon  the  concentration  of  hy- 
droxyl ion  present.  Liberal  excess  of  sodium  bicarbonate 
causes  the  tertiary  calcium  phosphate  to  form. 


Premature  Explosions  of  Nitroglycerin  in  Oil  Well  Drilling 

Operations' 

By  C.  W.  Porter 

Department  of  Chemistry,  University  of  California,  Berkeley,  California 


IN  the  development  of  oil  wells  it  is  often  necessary  to 
drive  pipes  to  depths  exceeding  3000  ft.  Occasionally 
a  pipe  is  deflected  from  its  vertical  course  and  be- 
comes "stuck."  It  cannot  be  driven  farther  or  pulled  up. 
Only  one  remedy  can  be  appUed  to  save  it;  the  end  of  the 
pipe  may  be  shot  off  by  means  of  a  high  explosive,  such  as 
dynamite  or  blasting  gelatin.  It  is  not  uncommon  for  a 
charge  to  explode  spontaneously  while  being  lowered.  The 
pipe  is  then  shattered  at  a  point  above  the  source  of  trouble 
and  the  well  has  to  be  abandoned.  When  the  shooting  is 
successful,  drUhng  and  driving  may  be  continued  as  if 
nothing  had  happened,  and  the  preliminary  work  (usually 
representing  a  value  of  many  thousands  of  dollars)  is  saved. 

Through  the  courtesy  of  the  Southern  Pacific  Co.,  the 
wTiter  has  had  an  opportunity  to  observe  operations  in  the 
Bakersfield  and  CoaUnga  oil  fields  and  to  secure  data  with 
reference  to  corrective  work  elsewhere. 

Observations  of  the  most  experienced  well  shooters  may 
be  summarized  as  follows: 

1 — Premature  explosions  have  not  been  known  to  occur  in  dry  wells. 

2 — In  wells  filled  with  water,  premature  explosions  seldom  occur  at 
depths  of  less  than  1200  ft. 

3 — Most  premature  explosions  occur  at  depths  varying  between  1600- 
and  2000  ft. 

4 — In  a  few  instances  detonators  have  been  found  intact  after  the  ex- 
plosions. 

5 — Explosions  have  occurred  while  the  charges  were  in  motion,  * .  e., 
while  being  lowered.  Others  have  happened  while  the  charges  were  at 
rest,  i.  e.,  during  the  intervals  when  the  machinery  was  stopped  to  allow 
time  for  lashing  to  the  sand  line  the  insulated  wire  connected  with  the 
detonator. 

6 — Premature  explosions  seldom  occur  when  the  blasting  charges  are 
composed  of  wrapped  sticks  of  dynamite. 

From  4  and  5  it  seems  evident  that  the  cause  of  trouble 
cannot  be  referred  to  electrical  currents  or  to  friction.  It 
has  occurred  to  the  writer  that  the  trouble  may  be  due  to 
the  oxidizing  effect  of  air  mechanically  held  within  the  mass 
of  blasting  gelatin. 

The  shell  ordinarily  used  is  a  tinned  or  galvanized  sheet  iron 
tube  4  to  6  in.  in  diameter  and  6  to  18  ft.  long,  closed  at  the 
lower  end  only.    By  means  of  a  short  steel  cylinder  of  the 

'  Received  September  19,   1921. 


same  diameter  as  the  shell,  blasting  gelatin  is  cut  into  pieces 
corresponding  in  length  to  the  thickness  of  the  cake  of  blast- 
ing gelatin  usually  packed  for  shipment  in  50-lb.  lots.  These 
pieces  are  forced  into  the  shell  by  means  of  a  ramrod.  Two 
or  three  detonators — all  connected  to  the  same  wire — are 
embedded  in  the  mass  of  blasting  gelatin  in  each  bomb.  Thin 
layers  of  air  are  held  between  the  separate  small  units  of 
blasting  materials  and,  very  often,  pockets  containing  as 
much  as  25  cc.  of  air  are  formed  by  the  introduction  of  irreg- 
ular fragments  of  the  gelatin. 

The  shell  is  attached  to  the  steel  cable  used  in  the  drilling 
process  and  is  lowered  rapidly  to  the  place  requiring  adjust- 
ment. The  hydrostatic  pressure  on  the  gelatin  and  its  im- 
prisoned air  is  thus  changed  from  1  atmosphere  to  40  or  50 
atmospheres  within  a  few  minutes.  This  compression,  caused 
by  the  weight  of  water  above  the  charge,  not  only  increases 
the  activity  of  the  oxygen  in  contact  with  the  gelatin,  but 
simultaneously  elevates  its  temperature.  Both  effects  accel- 
erate the  oxidation  of  nitroglycerin  and  the  oxidation  of  other 
components  of  the  mixture.  Locally,  i.  e.,  in  the  vicinity  of 
an  air  bubble,  the  oxidation  may  go  on  rapidly  enough  to 
produce  the  temperature  required  for  detonation. 
Experimental  Evidence 

Some  experimental  e\'idence  in  support  of  this  view  has 
been  secured.  If  the  accidents  are  due  to  this  cause,  pure 
oxygen  should  be  much  more  active  than  air  and  pure  nitro- 
gen should  be  entirely  harmless.  Ten  small  glass  tubes 
(1  in.  in  diameter  and  10  in.  long)  were  filled  with  blasting 
gelatin  in  which  bubbles  of  oxygen  gas  were  trapped.  Ten 
other  tubes  were  filled  in  an  atmosphere  of  nitrogen.  The 
tubes  were  lowered  in  an  abandoned  well  2200  ft.  deep,  which 
was  filled  with  water  having  a  temperature  of  70°  at  the 
1500-ft.  level.  Two  of  the  tubes  containing  oxygen  exploded 
spontaneously — one  under  1400  and  the  other  under  1800 
ft.  of  water.  The  other  eight  reached  the  bottom  and  were 
brought  back  to  the  surface  intact.  None  of  the  tubes 
containing  nitrogen  exploded  spontaneously. 

The  writer  believes  that  many  accidents  could  be  a\erted 
by  replacing  the  air  in  shells  by  an  inert  gas  before  introduc- 
ing nitroglycerin  products. 
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Preliminary  Report  on  Sugar  Beets  in  Louisiana' 


By  C.  E.  Coates'  and  A.  F.  Kidder' 

Louisiana  State  University,  Baton  Rouge,  Louisiana 


ALONG  series  of  results  show  that  it  is  possible  to 
grow  sugar  beets  of  high  sucrose  and  high  purity 
in  Louisiana  and  to  obtain  heavy  yields.  This  is 
probably  true  for  the  South  in  general.  The  best  results 
are  obtained  by  late  spring  planting.  The  yields  average 
18  tons  per  acre,  the  purities  about  85.0,  and  the  sucrose 
14.0.  The  essential  feature  is  the  necessity  for  obtaining 
good  seed  which  breed."?  true  to  type.  Seed  grown  in  the 
United  States  to-day  fulfils  this  requirement. 


The  beet  sugar  industry  is  in  many  ways  one  of  the  ro- 
mances of  applied  science.  In  1747  Marggraff  of  Berlin 
found  6.2  per  cent  of  sucrose  in  some  beets  he  had  examined. 
Forty  years  later  Achard,  also  of  Berlin,  found  that  by  careful 
selection  of  beets  he  was  able  to  increase  the  average  sugar 
content  considerably,  and  he  established  a  small  factory 
in  1801,  aided  by  a  grant  from  the  King  of  Prussia. 

Since  then,  beets  have  been  raised  in  sucrose  content  from 
6  to  an  average  of  15  per  cent,  occasionally  running  18,  20, 
and  even  30  per  cent.  This  has  been  entirely  due  to  scientific 
agriculture.  From  the  standpoint  of  chemical  engineering, 
on  the  other  hand,  the  manufacturing  process  has  been  im- 
proved so  that  now  there  is  a  yield  of  from  250  to  300  lbs. 
of  sugar  per  ton,  together  with  several  valuable  by-products. 
This  sugar  is  chemically  pure,  without  flavor  of  any  sort,  and 
enters  the  markets  of  the  world  in  free  competition  with  any 
other  type  of  sugar.  Here  then  is  an  industry  which  has  been 
made  possible  by  scientific  agriculture  and  by  appUed  chem- 
istry working  hand  in  hand,  producing  an  agricultural  crop 
worth  hundreds  of  millions  of  dollars.  There  were  produced 
in  the  United  States  alone  in  the  year  1919  to  1920,  726,000 
tons  of  beet  sugar,  which  is  more  than  the  entire  production 
of  cane  sugar  of  the  United  States  with  Hawaii  thrown  in. 
Not  one  pound  of  this  would  have  been  produced  to-day 
under  the  conditions,  chemical  and  agricultural,  which  existed 
a  century  ago.  The  industry  is  a  magnificient  monument  to 
applied  science. 

Sekd   Selection 

All  this  is  well  known,  but  it  is  necessary  to  repeat  well- 
known  facts  in  order  that  one  may  not  lose  sight  of  their 
significance.  In  this  case,  first  of  all,  the  sugar  content  of 
beets  was  steadily  increased  by  careful  seed  selection.  The 
growing  of  sugar  beets  for  seed  is,  in  reality,  a  fine  art  and 
must  be  done  under  the  most  careful  scientific  control,  but 
the  details  of  the  technic  have  been  mastered  and  for  the  last 
three  or  four  years  good  beet  seed  grown  in  America  has 
been  obtainable. 

One  of  the  writers  (Coates)  gave  this  matter  considerable 
study  about  twenty-five  years  ago  and  in  1899  carried  out  a 
series  of  experiments  at  the  Louisiana  State  University. 
It  was  evident  that  if  beets  could  be  matured  in  the  spring 
they  could  be  worked  into  sugar  in  Louisiana  sugarhouses 
and  thus  extend  the  sugar  season  three  months  or  more. 
One  of  the  weak  points  in  the  Louisiana  sugar  industry  is 
the  fact  that  the  expensive  sugarhouses  can  run  only  about 

'  Presented  before  the  Division  of  Agricultural  and  Pood  Ciiemistry 
«t  tlie  62nd  Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.. 
September  6  to  10,  1921. 

'  Dean,  Audubon  Sugar  School. 

»  Agronomist  and  Assistant  Director,  Louisiaua  State  lixperimcnt  Sta- 
tioa,  Baton  Rouge,  La. 


two  months  out  of  twelve.     If  three  months  could  be  added 
to  this,  their  value  would  be  almost  doubled. 

The  first  experiments  were  made  by  Coates  and  Glenk. 
A  commercial  variety  of  Vilmorin  Improved  was  planted 
in  November  1898,  and  harvested  the  following  May  and  June 
(Table  I).  The  results  were  encouraging,  as  many  beets  were 
found  having  14.5  per  cent  sucrose  and  a  purity  of  90.  The 
difficulty  was  that  other  beets  from  the  same  row  had  gi-own 
so  large  that  in  them,  the  sucrose  had  fallen  to  less  than  9 
per  cent  and  the  purity  to  about  70.  A  careful  study  of  the 
situation  convinced  Coates  that  the  beet  seeds  were  not  uni- 
form in  quahty.  Some  of  the  beets  weighed  about  1.5  to  2  lbs. 
and  looked  like  normal  sugar  beets,  while  others,  harvested 
at  the  same  time,  were  obviously  of  another  variety,  mostly 
mangels  which  weighed  6  or  8  lbs.,  or  even  more,  and  were 
low  in  sucrose.  The  following  year  similar  experiments 
were  run,  from  which  similar  inferences  were  drawn  as  to  the 
quality  of  the  seed.  In  November  1904,  Coates  made  two 
more  plantings,  one  of  Vilmorin  Improved,  and  the  other  of 
Klein    Wanzleben    (Table    II).    The    seed    labeled    lOein 

Table  I 
Date  of  planting,  November  10,   1898 
Average  Weight 

of  Beet  Sucrose 

Date  of  Analysis            Grams  Per  cent  Purity 

May    2                      600                    9.89  73.00 

May    3                      870                    8.13  74.30 

May  15                     1200  10.76  80.70 

May  16                     1980                    8.59  74.10 

May  31                     1140  11.54  83.60 

May  31                     1500                    9.49  76.50 

June    6                       960  12.61  91.30 

June    6                      930  14.96  90.60 

June  10                     600  12.64  89.70 

May  10                     1500  13.64  85.70 

June  10                     1080  11.99  91.50 

June  10                     1440                    9.24  75.70 

June  12                     900  12.94  92.40 

June  12                     630  13.74  84.20 

June  12                      720  14.04  87.70 

June  12                      660  11.04  72.10 

June  12                   4560                  8.14  70.70 

June  12                   2100                  8.39  66.30 

June  13                      480  14.50  90.60 

Table  II — Average  Polarization  op  Juice 

April  May  June  August 

Klein  Wanzleben 5.7  4.8  5.5  3.3 

Vilmorin  Improved 9.2  6.8  7.6  7.3 

Wanzleben  gave  beets  which  were  abnormally  large  and 
which  were  low  in  sucrose.  The  seed  labeled  Vilmorin  did 
much  better,  but  this  too  gave  results  which  were  disappoint- 
ing. It  was  just  possible  that  these  seeds  were  intentionally 
mislabeled,  as  the  beet  sugar  industry  in  the  United  States 
was  threatening  to  be  an  important  factor  in  the  sugar  world. 
Two  years  later  more  plantings  were  made  of  Vilmorin  and 
Klein  Wanzleben,  some  November  26,  1907,  some  January 
30, 1908,  and  a  separate  lot  in  August  1908  (Table  III).    The 

Tablb  III — AvBRAGH  Polarization  of  Juicb 

Date  of  planting,  November  20,  1910 

April  May 

vilmorin  Improved 8.50  11.0 

Klein  Wanzleben 7.63  9.6 

Date   of   planting,   January   30,  1908 

April  May 

Vilmorin  Improved 6.6  8.9 

Klein  Wanzleben 6.13  7.9 

Date    of   planting.    August   31.  1907 

February  April 

vilmorin  Improved 14.76  10.9 

Klein  Wanzleben 12,88  9.7 

August  seed  gave  fairly  uniform  results,  liigh  sucrose  and 
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Source  of 

Seed 

Row 

Variety 

Seed 

Grown  at 

1 

Klein  Wanzleben 

B.  P.  I.' 

Blissfield,  Mich. 

2 

Alvarado 

B.  P.  I. 

Blissfield,  Mich. 

3 

Klein  Wanzleben  Elite 

B.  P.  I. 

Klein  Wanzleben, 

4 

Dippe 

B.  P.  I. 

Blissfield,  Mich. 

5 

Jaensch  Victrix,  12S44 

U.  E.  S.» 

Logan,  Utah 

6 

Unnamed 

G.  W.  S.> 

7 

Unnamed 

G.  W.  S. 

8 

Klein  Wanzleben 

B.  P.  I. 

BUssfi'eid,"Mich. 

9 

Alvarado 

B.  P.  I. 

BUssfield,  Mich. 

10 

Alvarado 

B.  P.  I. 

BUssfield,  Mich. 

11 

Dippe 

B.  P.  I. 

BUssfield,  Mich. 

12 

Jaensch  Victrix,  12844 

U.  E.  S. 

Logan,  Utah 

13 

Unnamed 

G.  W.  S. 

14 

Unnamed 

G.  W.  S. 

1  Dr.  Townsend,  Bureau  of  Plant  Industry. 

2  Dr.  Harris,  Utah  Expt.  Station. 

'  Great  Western  Sugar  Co.,  Denver,  Col. 
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Averages  of  Weekly  Analyses,  May  8- July  29 

Calc.  Tons 

per            May 

June 

July 

Acre 

Sucrose 

Purity 

Sucrose       Purity 

Sucrose 

Purity 

20.66 

13.4 

85.0 

13.7           86.5 

12.50 

83.03 

25.54 

14.15 

85.98 

13.63         83.44 

12.06 

80.52 

20.90 

13.4 

83.88 

14.13         83.21 

12.18 

81.88 

18.28 

14.05 

86.15 

13.63         83.66 

12.40 

81.51 

18.52 

13.34 

84.68 

12.80         81.90 

10.78 

79.29 

21.16 

14.5 

85.65 

13.92         80.88 

11.92 

80.41 

17.42 

15.16 

86.5 

14.18         84.74 

12.74 

81.99 

18.72 

14.73 

85.78 

13.62         84.68 

13.08 

83.66 

17.22 

14.42 

86.54 

13.41         84.21 

11.86 

76.29 

16.70 

14.08 

85.72 

15.16         84.79 

12.08 

78.76 

16.12 

14.52 

85.15 

14.75         84.67 

13.62 

84.35 

16.50 

13.7 

86.59 

13.56         83.69 

11.96 

81.63 

19.65 

14.49    . 

82.83 

14.97         81.66 

13.82 

83.76, 

18.65 

14.54 

84.38 

13.50         82.90 

12.56 

82.33' 

purity,  and  normal  sized  beets  in  Februarj',  but  were  ob- 
viously harvested  too  late,  as  is  seen  in  the  April  figures. 

Here  again,  the  beets  were  so  irregular  in  quality  that 
Coates  became  convinced  it  was  very  diificult  to  get  pure 
beet  seed,  and  the  experiments  were  discontinued  until 
this  important  point  could  be  settled. 

Most  of  the  previous  plantings  had  been  fall  planting, 
which  is  the  custom  in  Louisiana,  and  for  this  reason  there 
was  not  as  much  sunshine  on  the  plant  when  it  was  approach- 
ing maturity  as  might  have  been  desirable.  In  fact,  beets 
planted  in  January  contained  practically  as  much  sugar  in 
May  as  did  those  planted  in  November.  Several  sporadic 
attempts  were  made  in  the  next  ten  years,  but  these  developed 
nothing  new,  though  individual  beets  were  found  which  gave 
20  per  cent  of  sucrose  and  over. 

In  1920,  C.  E.  Coates  and  A.  F.  Kidder  repeated  these 
experiments,  using  in  this  instance  late  spring  planting 
rather  than  fall  planting.  The  seed  obtained  by  Kidder 
was  certified  to  as  being  pure  and  true  to  type.  The  chemical 
work  was  done  by  Coates  and  his  assistants,  the  agricultural 
work  by  Kidder  and  his  assistants.  The  results  were  so 
exceedingly  good  that  it  is  thought  well  to  present  them  in 
a  preliminary  form.  It  must  be  distinctly  understood  that 
this  is  merely  a  report  of  progress.  It  is  the  intention  of 
the  authors  to  carry  out  these  experiments  over  a  term  of 
years  with  annual  progress  reports. 

Agricultur-u.  Data 

The  certified  seed  were  furnished  by  the  laboratories 
listed  in  Table  IV.  A  fairly  uniform  plot  42  ft.  X  105  ft.  was 
selected  for  this  purpose.  The  plot  was  flat  broken  early 
in  the  winter  and  replowed,  disked,  and  harrowed  the  24th 
of  January.  Rows  were  laid  off  3  ft.  apart  with  a  small 
middle  burster  and  the  seed  planted  the  day  the  soU  was 
replowed. 

The  seed  came  up  to  an  exceDent  stand  and  the  plants 
were  given  the  first  hoeing  on  the  25th  of  February.  Other 
agricultural  operations  are  recorded  in  Table  V. 


Table  V 


Date 

January  24 
February  25 
March    7 
March  17 
March  24 
April  4 
May  17 
June  28 


Kind  of  Operation  or  Work 
Plowing,  broadcast 
Plowing,  disking,  harrowing,  bedding,  planting 
First  hoeing 

Second  hoeing  and  first  thinning 
Cultivated,  one  horse 
Hoeing  and  second  thinning 
Cultivated,  one  horse 
Cultivated,  one  horse 
Hoeing 


Cost  per  Acre 

$3.00 

4.50 

.40 
2.40 

.20 
2.40 

.20 

.20 
1.25 


Total        14.55 


This  cost  does  not  include  harvesting  and  is  not  exactly 
what  one  would  find  on  a  commercial  scale,  but  making 
all  allowances  it  should  not  be  less  than  $1^  or  more  than  $20 
per  acre.  While  it  was  difficult  to  calculate  yields  on  the 
small  plots  employed,  they  ran  from  16  to  25  tons  per  acre. 
There  should  be  no  difficulty  in  reaching  the  former  figures 


on  a  commercial  scale.  The  low  cost  of  cultivation  is  due  to 
the  fact  that  during  this  particular  growing  season  there  is 
very- little  trouble  from  weeds  in  Louisiana. 

Table  IV  shows  the  variety,  the  source  of  seed,  estimated 
yield,  and  analytical  composition  for  the  three  months 
indicated.    Weight  of  beets,  1.5  to  2.5  lbs. 

Summary 

1 — Sugar  beets  can  be  grown  successfully  in  Louisiana,  and 
presumably  in  the  South  in  general.  They  can  be  matured 
during  May,  June,  and  July,  and  probably  during  March 
and  April  as  well. 

2 — The  quaUty  of  the  beet  seed  is  the  vital  point.  Stand- 
ard beet  seed  of  high  quaUty  is  now  grown  in  the  United 
States  and  would  seem  to  be  somewhat  better  than  the  best 
European  seed. 

3 — The  tonnage  per  acre  in  Louisiana  is  probably  heavier 
than  the  average  elsewhere,  and  the  sucrose  and  purity  are 
high  enough  for  commercial  purposes.  The  cost  of  culti- 
vation is  much  less  than  in  most  beet  growing  sections. 

4 — A  series  of  analyses  not  indicated  in  these  tables  shows 
that  the  beets  after  harvesting  wiU  keep  a  week  or  more 
without  appreciable  loss  in  sucrose  or  purity.  These  results 
are  probably  too  favorable,  but  it  is  reasonably  sure  that  after 
harvesting,  beets  in  Louisiana  wiU  not  deteriorate  more  dur- 
ing May,  June,  and  July  than  wiU  cane  in  Cuba  during 
the  same  months. 

5 — Beets  planted  on  January  24  are  ready  for  harvest  by 
May  8  and  probably  earlier,  and  may  be  harvested  in  good 
condition  until  .July  27  and  probably  later. 


American  Welding  Society  Proceedings 

The  American  Welding  Society  recently  issued  its  first  number 
of  proceedings.  Beginning  with  January  1,  1922,  the  Society 
plans  to  issue  Proceedings  monthly  in  convenient  form.  In 
addition  to  technical  papers,  the  Proceedings  will  include  news 
items  and  reports  of  the  Society,  local  sections,  the  American 
Bureau  of  Welding,  and  the  industr>'.  Certain  sections  will  be 
devoted  to  editorials,  employment  service,  bibliography  of 
current  welding  literature,  names  of  new  members,  etc. 


Chandler   Medal  Award 

The  lecturer  on  the  Charles  Frederick  Chandler  Fotmdation 
this  year  will  be  Dr.  Edgar  Fahs  Smith,  president  of  the  American 
Chemical  Society.  Dr.  Smith's  subject  will  be  "Samuel  Latham 
Mitchill — A  Father  in  American  Chemistry."  Samuel  Latham 
Mitchill  was  the  first  professor  of  chemistry  at  Columbia  College 
and  first  senator  from  the  state  of  New  York. 

The  lecture,  which  is  open  to  the  public,  will  be  given  on  March 
2,  1922,  at  Havemeyer  Hall,  Columbia  University,  New  York, 
N.  Y. 
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Effect  of  Paraffin  Wax  on  the  Properties  of  Mineral  Oils' 

By  A.  P.  Bjerregaard' 

Resuarch  Laboratory,  Empire  RbpinsriES,  Inc.,  Okmulgee,  Oklahoma 


PARAFFIN  wax  decreases  the  \iscosity  of  the  more 
viscous  mineral  lubricating  oils,  raises  the  freezing 
point,  and  lowers  the  specific  gravity.  The  amount 
of  wax  present  may  be  quickly  determined,  with  all  neces- 
sary accuracy,  by  observing  the  freezing  point  and  referring 
to  Graph  Ila  of  the  present  paper,  where  the  percentage  of 
parafiin  wax  is  plotted  against  temperature. 

Since  paraffin  wax  occurs  naturally  as  a  component  of 
many  native  crude  petroleum  oils,  and  therefore  also  in  many 
intermediate  and  fuiished  petroleum  products,  it  is  of  im- 
portance to  know  what  influence  it  exerts  on  the  properties 
of  the  various  other  components  of  the  petroleum,  especiaUy 
those  with  which  it  is  naturally  associated.  These  are  the 
various  viscous  and  so-called  "nonviscous"  lubricating  oils. 

The  present  study  was  made  from  the  synthetic  viewpoint. 
Bjiown  quantities  of  components  of  known  properties  were 
mixed,  and  the  viscosity,  freezing  point,  and  specific  gravity 
of  the  mixtures  were  determined. 

Materials   Used 

PARAFFIN  WAX — Three  samples  of  paraffin  wax  were  used; 

(1)  prepared  from  Pennsylvania  crude    oil  (nonasphaltic)  ; 

(2)  prepared  from  mid-continent  crude  oils,  namely,  a  mixture 
of  Illinois  and  Healdton  crudes  (semi-asphaltic) ;  and  (3) 
prepared  from  a  central  Oklahoma  crude  oil  (semi-asphaltic). 

The  first  two  samples  were  prepared  in  the  laboratory  from 
"slack  wax,"  which  is  the  raw  wax  left  in  the  filter  presses  of 
the  refinery  when  the  wax-containing  fractions  of  the  pe- 
troleum are  filtered  at  a  low  temperature,  usually  about 
15°  to  20°  F.  This  wax  was  pressed  between  blotting  papers 
under  a  great  weight,  at  a  temperature  of  80°  to  85°  F. 
until  no  more  oil  could  be  extracted.  The  blotting  paper 
was  changed  from  time  to  time  as  necessary.  The  resulting 
wax  was  melted  at  the  lowest  possible  temperature,  and  an 
equal  volume  of  petroleum  spirit  (usually  called  turpentine 
substitute)  was  added.  After  slow  cooling,  the  excess  of 
petroleum  spirits  was  poured  off,  and  the  parafiin  wax  pressed 
as  before.  Next,  the  wax  was  exposed  to  the  air  for  a  short 
time,  until  all  the  remaining  spirits  had  evaporated.  The 
resulting  wax  was  in  each  case  free  from  oil,  and  it  was  not 
otherwise  refined.  By  the  "American  method"  the  melting 
point  of  the  Pennsylvania  wax  was  131°  F.;  that  of  the  mid- 
continent  wax  was  130.5°  F. 

The  third  sample  was  a  refined  commercial  wax  of  122°  F. 
melting  point  ("American  method").    It  was  prepared  in 


the  refinery  in  the  usual  manner,  by  "sweating"  the  slack 
wax  and  "filtering"  or  percolating  through  fuller's  earth  to 
remove  any  color  that  might  be  present.  The  sample  con- 
tained 1.45  per  cent  oil. 

OILS — The  characteristics  of  the  oil  samples  are  tabulated 
in  Table  1. 

Effect  of  Paraffin  Wax  on  Viscosity 

The  viscosities  of  varying  mixtures  of  waxes  and  oils 
were  determined  with  the  Saybolt  Universal  viscosimeter 
in  seconds  at  100°  F. 
All  mixtures  are 
stated  by  weight.  The 
data  in  Table  2  are 
plotted  in  Graph  I. 

Paraffin  wax  has 
no  effect  on  viscosity 
when  this  value  is 
low.  On  the  other 
hand,  with  oils  of 
higher  viscosity,  such 
as  the  commercial 
"neutral"  lubricating 
oUs,  the  addition  of 
dissolved  paraffin  wax 
decidedly  lowers  the 
viscosity.  The  higher 
the  viscosity  the 
greater  the  effect  of 
the  paraffin  wax. 

The  effect  of  the 
paraffin  wax  is  ap- 
proximately the  same 
as  it  would  have  been 
if  an  oil  of  about 
70-sec.  viscosity  had 
been  added  instead  of  the  paraffin  wax 
wax  acts  as  a  thin  oil. 

Molten  paraffin  wax  is  in  fact  a 
like  No.  3  of  melting  point  123°  F.. 
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In  other  words,  the 


thin  oil.  A  sample, 
"American  method," 
showed  a  viscosity  of  52  sec.  at  125°  F.,  and  of  46  sec.  at  150° 
F.  Calculation  from  the  observed  figures  to  100°  F.  leads 
to  approximately  70  sec.  for  the  viscosity  of  the  paraffin  wax 
at  100°  F.,  on  the  assumption  that  it  were  liquid  at  that 
temperature. 


Ou,  Dbscription 

A  So-called  "nonviscous  neutral"  oil,  from  Illinois  and  Healdton  crude 

oils 


Table  I — Characteristics  of  Oils 

Freezing 
Specific        Viscosity     Point 
Gravity  Sec.  »  F. 


Color 


0.866.5 
0.8534 
0.8805 


55 
67 

72 


20 
26 


Very  pale  yellow 
Pale  brown 
Brown 


B  Pennsylvania  "pressed  distillate"^ 

C  Western  "pressed  distillate"^ 

D  Finished  lubricating  oil,  from  central  Oklahoma  crude  oil  (straight 

"neutral"  oil) 
E  Finished    lubricating    oil    (source     unknown,     but     mid-continent) 

(straight  "neutral"  oil) 
P  Finished  lubricating  oil,  from  central  Oklahoma  crude  oil   (blended 

"neutral"  oil  and  "cylinder  stock") 
G  Finished  lubricating  oil,  from  central  Oklahoma  crude  oil   (straight 

"neutral"  oil) 
H  Finished  lubricating  oil,  from  central  Oklalioma  crude  oil   (straight 

"neutral"  oil) 
I  Finished  lubricating  oil,  from  central  Oklahoma  crude  oil  (mixture 

"neutral"  oil  and  "cylinder  stock") 

'  This  was  some  of  the  oil,  derived  from  Pennsylvania  crude,  which  flowed  from  the  filter  presses  in  the  refinery  during  the  process  of 
slack  wax;  in  other  words,  dewaxed  wax  oil. 

'  Like  B,  from  Illinois  and  IleaUiton  crude  oils. 


0.8827 
0.8933 


0.8939 
0.8961 


100 
152 

188 
195 
249 
320 


22 
34 


24 

27 


Pale  yellow 
Pale  yellow 
Red 
Red 
Yellow 
Dark  red 


Fluorescence 

Blue 
Blue 
Blue 

Bluish 

Greenish  blue 

Green 

Bluish 

Greenish  blue 

Green 
separating  the 


'  Received  September  20,  1921. 
'  Chief  Chemist. 
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Tabls  2 — Effect  of  Paraffin  Wax  oh  Viscosity 


Tablb  3^ Effect  of  Paraffin  Wax  on  Frbszing  Point 


OU  used  . . . 

B 

C 

D 

E 

F 

G 

H 

I 

Kind  of  oil  used .  . 

.  A 

B 

C 

D 

R 

r. 

H 

Wax  used.. 

1 

2 

3 

2 

3 

3 

3 

3 

Kind  of  wax  used 

.    2 

1 

2 

3 

2 

3 

3 

Amount  of 

Amount  of  wax 

wax,  Per 

Per  cent 

Av 

cent 

0 

20 

26 

25 

22 

34 

24 

27 

26 

0 

R7 

72 

106 

152 

188 

195 

249 

320 

2 

47 

50 

55 

.50 

55 

.52 

.50 

51 

2 

67 

73 

103 

146 

183 

230 

S 

63 

69 

68 

64 

73 

66 

65 

67 

5 

73 

99 

138 

170 

211 

10 

75 

81 

79 

74 

84 

75 

7.S 

77 

10 

73 

94 

130 

158 

162 

198 

244 

15 

81 

86 

85 

89 

85 

15 

73 

122 

20 

87 

91 

91 

94 

91 

20 

68 

73 

141 

... 

... 

25 

50 

91 
103 

95 
106 

93 
105 

98 
108 

94 
105 

ICO 

^ 

^^^ 

90 

:^ 

^^ 

to 

^ 

1^, 

"^ 

h 

^ 

c 

tKAT 

H 

D 

L 

Effe 

tcf 

Faral 

17. 

Ol 

r  Free 

«»*  ^ 

'tnt 

L 

/  J 

r 

30 

%c 

10 

J 

to 

IS 

fcept 

^'"& 

JO 

X 

3S 

ifo 

«f 

so 

Effect  of  Paraffin  Wax  on  Freezing  Point 

The  freezing  points  of  mixtures  of  oils  and  paraffin  waxes 
were  determined .  The  American  Society  for  Testing  Materials 
"Pour  Test,"  D  47-18,  was  followed  except  that  the  actual 
temperature  of  solidification  was  observed  and  recorded  in- 
stead of  the  next  higher  even  5°  or  10°  mark. 

It  may  be  remarked  in  passing  that  this  freezing  point  is  not 
the  point  of  soUdification  of  the  whole  mass  of  the  oil  and 
paraffin  wax  mixture,  but  is  due  only  to  the  growth  of 
a  spongy  network  of  paraffin  wax  crystals  which  retaiiLS 
the  rest  of  the  oil  in  its  interstices.  This  is  proved  by  the 
fact  that  if  the  soUdified  mass,  without  warming,  is  stirred, 
it  becomes  a  Uquid  with  admixed  paraffin  crystals  suspended 
therein.  When  this  is  further  cooled  it  again  solidifies,  but 
at  a  much  lower  temperature.  In  this  manner,  by  successive 
coolings  and  stirrings,  several  different  freesiing  points  may  be 
obtained  with  the  same  solution  of  paraffin  wax  in  oil.  Only 
the  highest  solidifying  temperature  found,  without  any  dis- 
turbance of  the  oil,  is  considered  in  this  series  of  experiments. 

Table  3  shows  the  data  obtained,  some  of  which  are  plotted 
in  Graph  II. 
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It  will  be  noted  that  the  freezing  points  of  these  mixtures 
do  not  depend  at  all  upon  the  kind  of  oil  used.  Wliile  the 
freezing  point  does  to  some  extent  depend  upon  the  freezing 
point  of  the  oil  used,  the  principal  factor  is  the  amount  of 
paraffin  wax  present.  Even  a  very  small  per  cent  of  the 
wax  causes  a  large  rise  in  the  freezing  point.     As  more  wax 


is  added  the  increment  of  rise  in  the  freezing  point  becomes 
less  and  less,  as  indicated  in  the  graph. 

The  freezing  points  (before  adding  the  paraffin  wax)  of  the 
oils  used  are  dependent  on  the  amount  of  paraffin  wax  left 
in  them  by  the  manufacturing  operations.  It  is  possible 
to  reduce  them  all  to  the  same  basis  by  simply  shifting  the 
location  of  the  starting  points  on  the  graph  aU  to  the  same 
place.  The  other  end  of  the  curve  must  not  be  shifted, 
because  thq  wax  is  assumed  to  be  the  same  in  each  case. 
Hence  the  curve  will  be  shifted  in  a  rotational  way  with  the 
100  per  cent  wax  point  as  the  center. 

If  by  this  means  all  the  data  be  reduced  to  a  common 
starting  point,  say  at  26°  F.,  the  freezing  points  of  all  the  oil 
and  paraffin  mixtures  wiU  fall  on  the  same  curve,  within  the 
limits  of  experimental  error.  This  is  virtually  the  same  as 
making  the  assumption  that  all  the  oils  used  had  originally 
a  freezing  point  of  26°  F.,  before  adding  the  paraffin  wax. 
The  curve  thus  obtained  is  practically  identical  with  that  de- 
rived from  the  arithmetic  averages  of  the  freezing  points 
for  the  mixtures  with  the  same  wax  content.  Such  a  curve 
is  plotted  in  Graph  Ila  and  the  figures  are  shown  in  the  last 
column  in  Table  3. 
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Graph  Ila  has  been  foxmd  very  useful  in  the  examination  of 
wax  distillates  for  paraffin  wax  content.  Instead  of  the  time- 
consuming  and  inaccurate  Holde  method  of  estimating  the 
wax  content,  all  that  is  necessary  is  to  determine  the  freezing 
point  and  refer  to  the  curve  of  Graph  Ila.  Thus,  if  the  freez- 
ing point  is  70°  F.,  there  is  a  wax  content  of  6.5  per  cent 
together  with  93.5  per  cent  of  oil  of  26°  F.  freezing  point. 
The  writer  has  used  this  method  for  the  past  five  years 
and  has  found  it  sufficiently  accurate  and  rehable  for  all 
practical  purposes. 

Effect  of  Paraffin  Wax  on  Specific  Gravitt 

The  specific  gravities  of  mixtures  of  paraffin  wax  and  oils 
were  determined  by  means  of  a  hydrometer,  while  the  mixture 
was  warm  enough  for  all  the  wax  to  be  in  clear  solution.  In 
Table  4  these  determinations  have  all  been  reduced  to  their 
equivalents  at  60°  F.,  by  means  of  the  tables  commonly 
employed  for  that  purpose  ia  the  petroleum  industry. 

Graph  III  (plotting  the  data  of  Table  4)  shows  clearly  that 
the  specific  gravity  becomes  smaller  with  the  addition  of 
paraffin  wax  to  the  mineral  oil,  the  more  rapidly  the  heavier 
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Tablb  i — EFFECT  OF  Paraffin  Wax  on  Specific  Gravity 


Kind  of  oil  u 

sed  . 

.     A 

B 

C 

E 

Kind  of  wax 

used 

1.     2 

1 

2 

2 

Amount  of  wax 

Per  cent 

0 

0.8665 

0.8534 

0.8805 

0.S933 

2 

0.8654 

0.8529 

0.8800 

0.8922 

5 

0.8639 

0.8514 

0.8772 

0.8888 

10 

0.8618 

0.8498 

0.8745 

0.8838 

15 

0.8591 

0.8478 

0.8702 

0.8805 

20 

0.8550 

0.8443 

0.8654 

0.8755 

25 

0.8619 

0.8423 

0.8628 

0.8718 

50 

0.8398 

0.8304 

0.8453 

0.8519 

the  original  oil.  The  fact  that  the  graphs  are*  all  straight 
lines  shows  that  there  is  no  change  of  total  volume  when  the 
paraffin  wax  is  dissolved  in  ^he  oU.  In  this  respect  paraffin 
wax  behaves  like  any  liquid  mineral  oil. 

Summary 

1 — When  paraffin  wax  is  added  to  mineral  lubricating  oils 
it  decreases  the  viscosity  of  the  more  viscous  oils,  but  not  of 
the  less  viscous  ones. 

2 — Paraffin  wax  in  solution  in  mineral  lubricating  oils  acts 


like  a  thinly  fluid  oil,  so  far  as  its  effect  on  the  viscosity  is 
concerned. 

3 — The  addition  of  paraffin  wax  to  mineral  lubricating  oils 
raises  the  freezing  point  according  to  a  definite  relationship, 
dependent  solely  on  the  amount  of  paraffin  wax  present. 

4 — A  quick  and  easy  way  of  determining  the  amount  of 
paraffin  wax  in  waxy  oils,  to  a  sufficiently  accurate  degree 
for  all  practical  purposes,  is  pointed  out. 

5 — Paraffin  wax  lowers  the  specific  gravity  of  mineral 
lubricating  oUs.  The  graph  showing  this  relationship  is  a 
straight  line.  Hence  there  is  no  change  of  total  volume  on 
dissolving  paraffin  wax  in  mineral  lubricating  oUs. 
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Manufacture  of  Chemically  Pure  Dextrose' 

By  Chr.  E.  G.  Porst  and  Nicholas  V.  S.  Mumford 

Corn  Products  Repining  Co.,  Edgewater,  New  Jersey 


The  jollowing  paper  describes  the  development  oj  the  process 
by  which  chemically  pure  dextrose  is  now  manufactured  on  a  com- 
mercial scale  for  medical  use. 

UP  to  a  short  time  ago,  chemically  pure  dextrose  was 
used  only  for  laboratory  purposes  and  in  small 
amounts.  Several  years  ago,  however,  several  physi- 
cians, individually,  began  to  see  possibilities  in  the  use  of 
chemically  pure  dextrose  for  medical  purposes,  and  this  labo- 
ratory was  requested  to  furnish  what,  at  that  time,  was  a 
fairly  large  amount. 

The  Eahlier  Methods 

The  method  used  at  first  was  essentially  that  described 
by  R.  F.  Jackson, 2  in  which  alcohol  was  used  as  a  washing 
medium  and  as  a  precipitant  for  dextrins.  By  this  means 
a  99.9  per  cent  dextrose  was  obtained  from  "Cerelose,"' 
but  the  use  of  large  quantities  of  alcohol  made  the  method 
too  expensive  for  practical  use. 

A  method  suggested  by  Mr.  C.  S.  Hudson  of  the  Bureau 
of  Chemistry,  involving  the  use  of  glacial  acetic  acid  in 
the  ratio  of  one  part  of  acid  to  one  part  of  a  70  to  75  per  cent 
solution  of  dextrose,  was  tested  out.  There  was,  however, 
danger  of  some  acid  being  left  in  the  final  product,  and  since 
the  cost  of  production  was  also  high  the  method  was  aban- 
doned in  the  experimental  stage. 

The  method  which  was  successfully  used  for  two  years  or 
more  involved  solution  of  Cerelose  in  water  to  a  density  of 
about  63°  Brix,  treatment  of  this  solution  at  70°  to  80° 
C.  with  from  0.5  to  1.0  per  cent  of  "Eponite,"  filtration 
through  a  glazed  stoneware  Biichner  funnel,  crystallization 

^  Presented  before  the  Division  of  Sugar  Chemistry  and  Technology 
at  the  62nd  Meeting  of  the  American  Chemical  Society,  New  York,  N.  V., 
September  6  to  10,  1921. 

•  Bur.  Standards,   Sci.   Paper   293. 

•  "Cerelose"  is  a  corn  sugar,  made  by  allowing  a  highly  converted  corn 
sirup  to  crystallize,  cutting  the  resulting  mass  into  slabs,  pressing  out  the 
mother  liquor  ("Hydrol"),  and  drying  the  pulverized  cake.  The  sugar 
thus  obtained  is  a  light  yellowish  brown,  granular  substance  of  about  96 
per  cent  purity. 


in  10-gal.,  glazed  stoneware  crocks,  and  centrifuging.  On 
re-solution  and  retreatmfent  with  Eponite  a  sugar  was  ob- 
tained which  gave  no  test  for  dextrins  and  contained  less 
than  0 . 1  per  cent  ash.  A  third  recrystallization  was  usually 
made  to  insure  the  complete  removal  of  dextrins,  but  it  was 
not  possible  to  reduce  the  ash  content  much  below  0.05 
per  cent. 

When,  however,  it  became  necessary  to  turn  out  C.  P. 
dextrose  at  the  rate  of  200  lbs.  per  week,  this  process  was  not 
practicable.  SuflScient  Eponite  could  not  be  obtained 
and  the  capacity  of  the  Biichner  funnel  was  not  great  enough 
to  handle  the  solutions.  Furthermore,  the  number  of 
crystaUizations,  which  were  the  time-consuming  factor,  must 
be  reduced. 

Improved  and  Simplified  Method 

For  the  decolorizing,  two  small  boneblack  filters,  con- 
nected in  tandem,  were  connected  with  a  barrel  which  would 
give  a  5-ft.  head.  These  filters  were  filled  with  activated 
boneblack  and  the  solutions  were  run  by  gravity  through  both 
of  them.  Except  when  the  liquors  had  been  excessively 
overheated  in  making  them  up,  this  treatment  gave  a  clear, 
water-white  solution  for  crystalhzation.  Wlien  the  solu- 
tions were  not  clear  or  white,  the  liquor  was  passed  through 
the  filters  over  fresh  boneblack  a  second  time  before  it  was 
allowed  to  crystaUize. 

In  order  to  reduce  the  number  of  crystallizations,  the 
Cerelose  was  mixed  for  half  an  hour  in  a  kneading  machine 
with  enough  water  to  give  a  mixture  which  could  be  handled 
in  the  centrifugal.  No  definite  ratio  of  water  to  Cerelose 
was  adopted,  because  the  amount  of  water  necessary  varied 
considerably,  depending  on  how  long  the  Cerelose  had  aged 
before  being  pressed  and  on  how  much  pressure  had  been 
used.  This  treatment  served  to  remove  some  of  the  color 
and  also  a  considerable  jiroportion  of  the  impurities,  the 
purity  being  raised  to  99.0  per  cent. 

This  magma  was  spun  as  dry  as  possible  and  the  sugar 
obtained  was  melted  with  enough  water  to  give  a  solution 
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of  from  63°  to  68°  Brix,  depending  on  the  temperature  out 
of  doors.  The  melting  was  done  in  the  barrel  which  sup- 
plied the  boneblack  filters,  the  barrel  being  fitted  with  a 
steam  coU  and  an  air  agitator.  Thirty  to  forty  gallons  of 
solution  were  made  up  at  a  time. 

Before  starting  the  Hquor  through  the  boneblack  filters 
the  water  in  the  jacket  surrounding  them  was  heated  to  70° 
to  80°  C.  and  the  temperature  of  the  liquor  was  held  at  the 
same  figure.  On  starting  the  hquor  through  the  filters, 
it  was  invariably  found  that  there  was  a  certain  amount 
of  moisture  in  the  bone  which  was  displaced  by  the  hquor. 
The  hquor  leaving  the  filter  for  the  first  10  to  15  min.  was, 
therefore,  caught  in  a  pail  and  returned  to  the  barrel  to  be 
refUtered.  When  the  gra\ity  rose  to  the  desired  degree, 
the  hquor  was  turned  into  10-gal.,  glazed  stoneware  crocks. 
The  density  of  the  hquor  in  each  crock  was  tested  when  fuU 
and  adjusted  to  the  value  needed  for  that  day's  work  by  the 
addition  of  water.  This  adjustment  was  allowed  for  by 
making  the  density  of  the  solution  in  the  barrel  shghtly 
higher  than  that  desired  for  crystallization.  If  the  density 
was  too  low,  it  was  necessary  to  return  the  hquor  to  the 
barrel,  add  more  sugar,  and  run  it  through  the  filters  again. 

The  hquor  was  allowed  to  stand  without  disturbance 
in  the  crocks.  No  seed  was  added,  as  it  was  found  that 
seeding  caused  too  rapid  crystaUization,  gixing  fine  crystals 
which  went  through  the  screen  of  the  centrifugal.  As  the 
hquor.  cooled  down,  crystaUization  set  in  and  the  crystals 
sank  to  the  bottom,  increasing  in  size  as  they  dropped. 
Ordinarily  crystallization  was  complete,  as  determined  by 
the  temperature  of  the  massecuite  approaching  that  of  the 
room,  in  from  48  to  72  hrs.  Occasionally,  however,  owing 
to  sudden  changes  in  the  weather  from  cool  to  very  "hot, 
the  crystaUization  did  not  proceed  after  a  layer  of  crystals 
an  inch  or  so  thick  had  settled  to  the  bottom  of  the  crock. 
It  was  then  necessary  to  stir  these  crj'stals  up;  otherwise 
they  would  grow  together,  forming  large  lumps  which  could 
be  broken  up  for  treatment  in  the  centrifugal  only  with 
great  difBculty.  After  stirring,  the  crystaUization  proceeded 
very  rapidly,  being  complete  in  another  12  to  24  hrs.  The 
crystals  very  often  grew  to  a  length  of  0.25  in.  or  more, 
but^they  were  so  soft  that  it  was  never  found  possible  to 
separate  any  of  this  size,  for  thej'  were  broken  up  in  trans- 
ferring them  from  the  crock  to  the  centrifugal.  However, 
they  did  not  break  up  sufficiently  to  c-ause  trouble  by  passing 
through  the  screen  of  the  centrifugal. 

When  the  massecuite  was  ready  for  swinging,  it  was 
stirred  up  in  the  crock  as  completelj'  as  possible,  to  break  up 
lumps.  The  centrifugal  used  both  for  the  massecuite  and 
the  magma  of  Cerelose  and  water  was  a  15-in.  basket,  under- 
driven  machine,  designed  to  turn  at  3000  r.  p.  m.  Owing  to 
the  difficulty  experienced  in  starting  up  the  machine  when 
loaded,  it  was  never  driven  over  1500  r.  p.  m.  It  was  driven 
at  about  900  to  1000  r.  p.  m.  untU  practicaUj'  aU  the  mother 
hquor  was  out;  then  it  was  stepped  up  to  full  speed,  and 
the  wash  water  was  added  from  an  ordinarj'  laboratory  wash 
bottle  fitted  with  a  rubber  tube  so  that  the  stream  could  be 
moved  up  and  down  over  the  whole  depth  of  the  basket. 

The  machine  was  kept  running  untU  practicaUy  no  more 
wash  water  was  running  off,  usuaUy  about  half  an  hour. 
If  the  time  went  over  three-quarters  of  an  hour,  it  was 
judged  that  the  crystals  were  too  small  and  closely  packed 
for  good  washing  and  the  crock  was  remelted.  run  through 
the  filters,  and  recrystaUized. 

The  dry  sugar,  containing  20  to  30  per  cent  of  moisture, 
was  broken  up  by  hand  on  trays,  which  were  put  in  an  air 
dryer  from  which  dust  was  excluded  as  effectively  as  possible. 
The  dryer  was  maintained  at  a  temperature  of  40°  to  50° 
C  Although  R.  F.  Jackson  states  that  the  crystal  water 
of  dextrose  hydrate  is  given  off  at  60°  C,  no  difficulty  was 


experienced  in  reducing  the  moisture  content  of  the  dried 
sugar  to  less  than  1  per  cent  at  this  low  temperature. 

The  dried  sugar,  which  had  sintered  shghtly,  was  passed 
through  a  JNIead  mUl  to  reduce  it  to  a  powder.  Unless 
the  dextrose  was  almost  bone-dry  the  miU  clogged  up  badly. 
Pre-\dous  attempts  to  grind  dextrose  in  a  baU  miU  had  given 
the  same  result.  Owing  to  the  amount  of  dextrose  that  did 
stick  to  the  beaters  and  bars  of  the  Mead  miU,  it  was  certain 
that  sugar  passing  through  did  not  pick  up  any  impurities 
from  the  rmU. 

The  dexiwose  obtained  by  this  single  crystaUization  had 
a  purity  of  99.90  to  99.95  per  cent  and  was  sufficiently 
pure  for  the  purpose  of  milk  modification  for  baby-feeding 
experiments,  for  which  it  was  chiefly  used.  If  a  stiU  higher 
purity  was  desu-ed,  as  when  the  sugar  was  to  be  used  for 
intravenous  injection,  another  crystalhzation  was  made. 

Prepahation  from  "Refined  Cerelose" 

This  process  was  continued  untU  the  new  process  of  making 
high  purity  dextrose,  developed  by  Dr.  Chr.  E.  G.  Porst 
and  Mr.  W.  B.  Newkirk,  was  put  into  operation.  The  use 
of  the  kneading  machine  was  then  abandoned  and  the  high 
purity  dextrose  or  "R/^fined  Cerelose"  is  now  melted  and  run 
through  the  boneblack  filters.  As  the  purity  of  the  original 
dex-trose  is  99.0  per  cent  or  better,  a  single  crystaUization 
is  sufficient  to  give  a  product  of  99 . 9  per  cent  purity,  and  a 
second  crystaUization  gives  a  product  whose  purity  can  be 
improved  only  by  the  use  of  the  most  refined  methods  of 
purification. 


International  Conference  of  Chemistry 

The  International  Union  of  Piu-e  and  .\pplied  Chemistry  an- 
nounces that  the  next  international  conference  will  be  held  at 
Lyons  June  28  to  July  1,  1922.  The  International  Commission 
on  the  Elements,  discussed  at  the  Brussels  meeting,  has  been 
organized  and  wiU  present  its  iirst  report  at  the  Lyons  meeting. 
By  unanimous  vote  the  commission  has  agreed  to  the  creation 
of  three  subcommittees  (isotopes,  radioactive  elements,  atomic 
mass).  It  has  been  decided  to  appoint  three  international  com- 
missions of  nomenclature:  (1)  organic  chemistry;  (2)  inorganic 
chemistry;  and  (3)  biological  chemistry.  The  Commission  on 
Unification  of  BibUographic  Abbreviations,  named  at  Brussels, 
recommended  the  system  of  abbreviations  employed  in  Chemical 
Abstracts  and  the  Bureau  of  the  Union  has  decided  to  conduct 
an  investigation  to  see  whether  the  principal  chemical  periodicals 
will  be  willing  to  adopt  this  system  of  abbreviations. 

Other  questions  taken  up  at  Brussels  and  to  be  again  considered 
at  Lyons  are:  unification  of  chemical  abstracts;  international 
institute  of  chemical  standards,  of  which  there  are  three  sections 
(bureau  of  physicochemical  standards  at  Brussels ;  pure  products 
for  research  in  England;  and  service  of  documentation  on  in- 
dustrial and  technological  products  in  Paris);  international 
laboratory  of  analysis  of  food  products,  for  the  installation  of 
which  the  French  government  has  already  provided;  and  the 
creation  of  laboratories  fo  the  study  of  ceramic  products  and 
combustibles. 

^  The  Bureau  of  the  Union  would  welcome  suggestions  as  to 
what  questions  this  countr>'  desires  to  have  discussed,  and  in 
order  that  suitable  arrangements  may  be  made  for  the  proper 
presentation  of  the  subjects  requests  that  replies  be  submitted 
before  April  1,  1922.  The  Bureau  lu-gently  requests  that  each 
adhering  country  pay  its  subscription  promptly. 


In  the  arbitration  of  the  Tacna-Arica  controversy  between 
Chile  and  Peru,  the  possibility  is  presented  of  Chile's  losing  the 
potentially  valuable  Chilean  nitrate  beds  located  in  the  territory 
under  discussion.  Bolivia  has  indicated  that  she  should  be  in- 
cluded in  the  parley  because  Chile's  title  to  the  western  seacoast 
was  obtained  in  1904  through  a  treaty  executed  imder  duress. 
Chile  declares  that  Bohvia  was  paid  £6,000,000  for  her  coastal 
territories,  and  that  she  will  not  enter  the  conference  if  BoUvia 
is  admitted.  The  territory  in  question  involves  provinces  at 
the  northern  end  of  Chile,  one  or  two  of  which  are  said  by  govern- 
ment experts  here  to  contain  valuable  nitrate  beds. 
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An  Unusual  Type  of  Casinghead  Gasoline' 

By  C.  E.  Coates^  and  B.  Y.  Tims 
Louisiana  State  University,  Baton  Rouge,  Louisiana 


Gas  from  the  Terrebonne  Gas  Field,  about  twenty  miles  below 
Houma.  La.,  is  piped  to  the  town  for  use  as  a  fuel.  The  condensate 
which  forms  in  the  pipes  is  the  subject  of  the  investigation  recorded 
in  this  paper.  It  differs  from  ordinary  casinghead  gasoline  in 
boiling  point  and  other  properties.  Fractional  distillation  gives 
products  of  fairly  constant  boiling  points,  the  lowest  fraction  having 
the  formula  CnH'^i.  The  condensate  contains  no  paraffin  hydro- 
carbons and  is  probably  made  up  of  dicyclopentyl,  C\(iH\%,  and  its 
homologs. 

THE  gas  wells  of  Louisiana,  and  for  that  matter,  gas 
wells  in  general  have,  during  the  last  few  years, 
been  yielding,  not  only  gas,  but  a  fairly  large  quantity 
of  a  very  liglit  gasoline.  The  amount  of  this  gasoline  de- 
pends upon  the  nature  of  the  gas,  that  yielding  very  little 
being  called  dry  gas;  that  yielding  considerable  being  called 
wet  gas.  It  is  commercially  profitable  to  extract  this  gaso- 
line down  to  a  certain  minimum  content.  Extraction 
was  formerly  accomplished  at  the  well  by  compressing  the 
gas,  cooling  the  compressed  gas,  drawing  off  the  condensed 
gasoline  and  allowing  the  remaining  gas  to  expand  around 
tubes  containing  the  incoming  gas,  thus  cooling  the  latter. 
This  process  took  place  at  the  head  of  the  well,  and  the 
product  was  hence  called  casinghead  gasoline.  At  present 
it  is  considered  cheaper  to  pass  the  wet  gas  through  a  heavy 
nonvolatile  mineral  oU,  which  absorbs  the  gasoline  and  from 
which  the  gasoline  may  be  subsequently  recovered  by  steam 
distillation,  the  oil  being  returned  to  process.  This  casing- 
head gasohne  is  exceedingly  volatile,  and  is  ordinarily  mixed 
with  somewhat  high  gravity  gasolines,  in  order  to  make  them 
more  readily  ignited  in  an  internal  combustion  engine. 

The  only  considerable  deposits  of  gas  in  South  Louisiana 
occur  in  the  Terrebonne  field,  located  about  twenty  miles 
south  of  Houma.  In  this  field  three  producing  wells  have 
been,  for  a  number  of  years,  delivering  gas  at  a  pressure 
of  about  1200  lbs.  per  sq.  in.  at  the  well.  This  gas  is  carried 
by  pipes  to  Houma  and  its  vicinity,  and  to  the  various 
sugarhouses  in  that  section.  The  gas  appeared  to  be  wet, 
because  quantities  of  a  liquid  condensed  in  the  pipes  in 
Houma  and  had  to  be  collected  in  drips  and  removed  at  in- 
tervals. .This  liquid  was  considered  casinghead  gasoUne, 
and  was  mixed  with  ordinary  gasoline  for  use  in  automobiles 
in  Houma.  It,  however,  showed  certain  properties  not 
possessed  by  ordinary  gasoline,  and  for  this  reason  Dr. 
C.  M.  MenviUe,  at  the  request  of  Dr.  Coates,  collected  and 
sent  to  his  laboratory  about  2  gal.  of  the  crude  condensate. 

Physical  Properties 

The  oil  was  light  in  color  and  slightly  fluorescent,  and  had 
an  odor  like  pine  oil,  or  oil  of  cedar.  On  analysis  it  gave 
values  listed  in  Table  I. 


Refractive  index  at  17°  C. 

Specific  gravity 

Flasli  point 

Burn  point 

Cold  point 

Viscosity  at  25.5°  C. 

B.  t.  u. 

Per  cent  sulfur 


Table  I 

=  1.4590      V 

=  0.84819  at  24.5°  C./24.0°  C. 

=  61°  C. 

=  63°  C. 

=  below  -7°  C. 

=  1.22 

=  19.363 

=  1.09 


The  flash  point  determination  was  carried  out  in  an  open 
cup,  heat  was  applied  very  gradually,  and  the  process  re- 
peated a  number  of  times. 

In  burning,  the  gasoline  gave  off  heavy,  black  smoke  with 
an  unpleasant  odor. 

The  heating  value  of  the  gasoline  was  determined  in  an 
Emerson  bomb  calorimeter.  Sulfur  was  determined  from  the 
washings  of  the  bomb. 

Distillation 

For  the  distillation,  500  cc.  of  gasoline  were  taken.  Va- 
porization began  at  about  50°,  and  actual  distillation  at 
about  94°  C.  Only  a  few  cubic  centimeters  came  over  be- 
tween 94°  and  100°  C.  The  temperature  then  rose  suddenly 
to  195°  C,  after  which  the  distillation  proceeded  steadily. 
The  distillate  was  collected  in  2°  fractions.  All  the  fractions 
were  colorless  except  the  last  two,  which  were  slightly  flu- 
orescent. A  small  amount  of  tarry  matter  remained  in  the 
flask  after  distillation  was  complete.  At  226°  C,  heavy 
yellow  fumes  wore  given  off  and  no  more  distillate  came  over. 
Table  II  gives  the  results  of  distillation. 

Table  II — Fractions  of  Distillate  (Atmospheric  pressure) 


°  C. 
Below  195 
195-200 
200-202 
202-204 
204-206 
206-208 
208-210 
210-213 
213-217 
217-220 
220-226 


Total 


Cc. 
2 
50 
65 
62 
64 
54 
50 
SO 
50 
24 
27 
498 


'  Presented  before  the  Section  of  Petroleum  Chemistry  at  the  G2nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 

•  Dean  of  Audubon  Sugar  Sciiool,  and  Hctid  Professor  of  the  Depart- 
ment  of    Chemistry. 


The  fractions  were  purified  by  shaldng  with  concentrated 
sulfuric  acid,  .separating  the  oil,  washing  with  water,  shaking 
with  sodium  carbonate,  decanting,  and  removing  the  excess 
water  with  powdered  calcium  chloride.  The  acid  treatment 
removed  a  considerable  amount  of  tarry  matter.  After 
purification,  the  turpentine-hke  odor  of  the  original  gasoline 
was  greatly  lessened,  although  it  persisted  in  spite  of  acid 
treatment  and  subsequent  redistillations. 

RBFRACTiONATioN — The  fractions,  after  purification,  were 
distilled  separately.  The  temperature  of  distillation  varied 
in  each  case  from  10°  to  30°  C.  from  that  of  the  distillation 
temperature  of  the  fraction.  For  lack  of  time,  only  the 
first  three  fractions,  200°  to  202°,  202°  to  204°,  and  204° 
to  206°  (in  all  100  cc),  were  redistilled  in  this  way  in  a  200- 
cc.  flask.  As  distillation  in  all  cases  seemed  to  cause  a 
slight  decomposition,  it  was  carried  on  in  this  case  under 
a  vacuum  of  61  mm.,  but  even  here  there  was  decompo- 
sition. About  20  cc.  of  a  brown  liquid  remained,  but  the 
fraction  coming  over  from  207.5°  to  209.5°  C.  was  water- 
white  and  was  taken  for  the  subsequent  work.  It  still 
had  the  odor  of  cedar  or  pine  oil  and  contained  no  sulfur. 
Treated  with  bromine  at  the  laboratory  temperature  of 
25°,  it  seemed  to  behave  as  a  saturated  compound.  Upon 
redistillation  at  61  mm.,  it  gave  a  water-white  fractiim  for 
which  the  analytical  results  in  Table  III  were  obtained. 
For  sake  of  comparison,  they  are  tabulated  against  some 
figures  obtiiined  by  Coates,  who  was  working  on  a  fraction 
obtained  from  the  .lenning  oil.  In  calculating  molecular 
refraction,  the  formula  of  Lorontz  and  Lorenz  was  used. 

From  these  data  it  will  be  evident  tiiat  this  condensate 


220 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  3 


Table  III 

Coates  Coates  and  Tims 

Formula, C12H22  CibH2! 

Molecular  weight,  calculated 166  166 

Molecular  weight,  found 167  167 

Carbon,  calculated 86.74  86.74 

Carbon,  found 86.68  86.30 

Hydrogen,  calculated 13.26  13.26 

Hydrogen,  found 13.43  13.50 

Specific  gravity 0.8511  28V4''  0.84819  24V24'' 

Boding  point,  760  mm 215°-217°  21S°-217° 

Refractive  index 1.4640,25°C.  1 .4546,  29°  C. 

Molecular  refraction,  calculated. . .  53.13  53.13 

Molecular  refraction,  found 53. 48  53.24 

does  not  resemble  in  the  least  the  ordinary  casinghead 
gasoline.  Its  boiling  point  is  far  too  high,  as  is  also  its  spe- 
cific gravity.  A  study  of  the  particular  fraction  boiling 
from  215°  to  217°  shows  it  to  be  identical  with  a  fraction 
obtained  by  Coates  and  his  assistants  in  1906  from  the 
crude  oil  in  Jennings,  La.' 
Schmidt  and  Sigwart'  have  identified  the  series  CioHu 

•  /.  Am.  Chem.  Soc,  1906,  384. 
'  Ber.,  1912,  1779. 


and  its  homologs  found  in  Louisiana  petroluem  by  Coates 
as  being  dicj'clopentj'l 

HiiC— CHj  CHj— CH. 

\  /  I 

CH— CH 

/  \  I 

HjC— CHs  CHs— CHj 

and  its  methyl  derivatives,  which  they  made  synthetically. 
The  compound  Ci2H22  would,  therefore,  be  the  dimethyl 
derivative.  The  higher  and  lower  derivatives  were  also 
isolated  by  Coates  from  the  South  Louisiana  petroleums 
and  occur  in  this  condensate  as  well. 

This  would  indicate  that  inasmuch  as  the  gas  deposit 
at  Terrebonne  carries  a  condensate  which  is  identical  with 
that  obtained  ^t  Jennings,  the  two  deposits  are  probably  simi- 
lar in  formation.  It  might  also  be  a  sUght  indication  of 
the  presence  of  an  oU  pool  in  Terrebonne,  similar  to  that  which 
has  been  found  in  Jennings. 


Determination  of  Volatile  Combustible  Matter  in  Pitch  Coke' 


By  H.  E.  Lloyd  and  F.  W.  Yeager 

Research  Laboratory,  The  Barrett  Co.,  New  York,  N.  Y. 


Wiihin  a  comparatively  recent  period  pilch  coke  has  found 
use  in  the  manufaclure  of  electrodes,  and  in  certain  metallurgical 
processes  where  a  low  volatile  coke  of  high  purity  is  required.  Since 
only  a  coke  of  very  low  volatile  content  possesses  sufficient  conduc- 
tivity to  be  suitable  for  electrode  use,  the  accuracy  of  the  determi- 
nation of  volatile  combustible  matter  {V.  C.  M.)  in  this  class  of 
material  takes   on    new    significance. 

The  work  described  in  the  following  paper  indicates  that  vari- 
ations in  these  analytical  results  are  due  to  variations  in  the  type 
of  crucible  cover  used,  the  weight  of  sample,  the  size  of  crucible, 
and  the  method  of  calculating  results.  The  method  which  gives  the 
more  accurate  results,  particularly  with  low  volatile  cokes,  follows 
the  procedure  given  in  test  A.  S.  T.  M.  D-37-18  under  the  deter- 
mination of  volatile  matter  in  coke,  with  the  exception  of  the  use 
of  a  2-g.  sample  and  a  second  7-min.  heat  correction. 

CERTAIN  factors  operative  in  the  determination  of 
V.  C.  M.  in  pitch  coke  are  particularly  likely  to 
affect  the  accuracy  of  the  results  on  account  of 
the  low  volatile  content  of  the  material.  Considerable 
work  has  been  done  on  this  test,  but  the  inaccuracies  possible 
seem  not  to  be  generally  recognized. 

The  authors  had  occasion  to  determine  the  V.  C.  M.  of 
pitch  coke  by  two  different  methods,  the  differences  in  which 
are  listed  in  Table  I.  The  coke  was  ground  in  porcelain 
to  pass  a  60-mesh  sieve. 


Table  I — Differences  in  Methods 


Type  of  crucible 


Weight  of  sample 
Manner  of  heating 


Time  of  heating 

Calculation  of  results, 
giving  V.  C.  M.  as: 


Method  I 
Usual  shape;    capacity 
20  cc;    lid   of    usual 
flat  type 

1 . 000  g. 

Bunsen  flame  20  cm. 

long  (temperature 

900°-950'^C.) 
One  7-niin.  period 

Loss  in  weight  reported 
in  per  cent  of  sample 
weight 


Method   II 

Capsule  shape;  ca- 
pacity 10  cc;  lid 
tight-fitting  inside 
crucible 

2.000  g. 

Electric  furnace  950° 
C.  (A.  S.T.M.  D-37- 
18) 

Two  intermittent  7- 
min.  periods 

Loss  on  second  heat 
subtracted  from  loss 
on  first  heat  and  re- 
mainder reported  as 
per  cent  of  sample 
weight 


Method  II,  which  is  being  used  by  the  Aluminum  Company 
of  America  for  certain  types  of  low  volatile  coke,  has  for 
its  purpose  a  correction  for  the  oxidation  of  the  nonvolatile 
portion  of  the  coke  encountered  during  the  first  period  of 
heating.  This  correction  is  based  on  the  loss  found  on  a 
second  7-min.  heating.  The  use  of  a  second  heating  correc- 
tion factor  was  suggested  by  Meade  and  Attex,^  who  have 
shown  that  results  so  corrected  approximate  very  closely 
the  loss  on  heating  in  an  inert  gas. 

Two  samples  of  coke  gave  results  listed  in  Table  II. 

Table  II — Percentage  of  Volatile  Combustible  Matter* 


Sample 
1 
3 


Method  I 
2.3 
6. 


Method  II 
0.3 


Ratio  I:  II 
1:0.13 


'  Received   June   20.    1921. 


.1  3.5  1:0.57 

^  All  figures  reported  are  the  averages  of  two  or  more  check  results. 

Considering  the  wide  differences  in  methods  used,  the 
basic  reasons  for  such  results  are  apparent.  However,  the 
reason  for  the  marked  disproportion  between  the  results 
on  cokes  of  different  volatile  content  as  indicated  by  the  ratios 
in  Table  II  is  not  so  evident. 

A  brief  review  of  the  literature  shows  that  the  loss  due 
to  oxidation  by  the  air  remaining  in  the  large  type  of  crucible 
was  early  investigated.  To  minimize  this  loss  Shimer' 
proposed  the  use  of  two  15-cc.  platinum  crucibles,  one  fitting 
tightly  within  the  other  with  the  sample  between.  Meade 
and  Attex*  recommended  making  the  test  in  an  atmosphere 
of  nitrogen.  Shimer  suggested  the  addition  to  the  sample 
of  alcohol,  and  Parr*  of  kerosene,  for  the  same  purpose. 
The  variations  in  V.  C.  M.  tests  due  to  mechanical  losses, 
variations  in  heat,  type  of  crucible,  character  of  flame,  type 
of  burner,  etc.,  have  been  discussed  by  Parr.°  Fieldner  and 
Da\ds'  have  studied  the  influence  of  gas  pressure,  swelling 
of  coal,  type  of  burner,  and  condition  of  crucible,  i.  e.,  dull 

»  J.  A'li.  Chem.  Soc,  21  (1899),  1137. 

•  This  Journal,  1  (1909),  518. 

*  J.  Am.  Chem.  Soc,  21  (1899),  1116. 
•Tms    Journal,    3    (1911),  900. 
'Ibid.,  4  (1912),  352. 

Itid.,  2  (1910),  304. 
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or  bright.     Fieldner'  determined  the  effect  of  change  of  tem- 
perature and  of  type  of  crucible. 

In  the  present  investigation  attention  was  first  given  to 
the  influence  of  a  change  in  sample  weight. 

Change  in  Sample  Weight 

Sample  3,  Table  11,  was  used  for  the  tests.  Table  III 
shows  the  results  obtained  in  the  electric  furnace  with  both 
types  of  crucible,  each  with  1-  and  2-g.  samples. 

Table   III — Percentage    Lost   with   Samples   of   Different   Weight 


-Weight  of  Sample- 


1.000  Gram  2.000  Grams 

10-cc.  Crucible  (Capsule  Type) 

4.2'  3.99 

0.79  0.53 
20-cc.  Crucible 

5 . 25  4 . 55 

2.17  1.19 
'This  result  is  by  A.S.  T.M.  Method   D-27-1S  in  all  respects. 


1st  heat,  7  min. 
2nd  heat,  7  min 


1st  heat,  7  min. 
2nd  heat,  7  min. 


In  every  case  the  per  cent  loss  in  weight,  irrespective 
of  the  size  of  crucible,  is  greatest  where  the  sample  is  smallest. 
The  cause  for  this  is  thought  to  be  the  variation  in  the 
depth  of  coke  layer:  in  other  words,  the  relative  coke 
contact  surface  per  gram  of  sample  which  is  dependent  upon 
the  sample  weight.  This  difference  has  an  appreciable 
effect  where  the  same  crucible  is  used,  but  where  the  2-g. 
sam))le  is  charged  to  the  10-cc.  capsule  and  a  1-g.  sample 
to  the  20-cc.  crucible,  the  difference  in  coke  contact  surface 
between  the  two  combinations  is  considerable.  Parr'^  re- 
gards variation  in  this  contact  surface  as  affecting  the  re- 
sults of  tests  to  a  considerable  degree,  the  cause  being,  in 
his  opinion,  the  effect  of  differences  in  coke  contact  surface 
per  gram  on  the  speed  with  which  the  heavier  volatile  con- 
stituents are  discharged. 

The  losses  for  the  second  period  heats  are  due  mainly 
to  oxidation  of  the  coke  residue  remaining  after  the  first  heat, 
either  by  the  air  in  the  crucible  or  that  entering  during  the 
second  heat.  Under  these  conditions  the  coke  contact 
surface  is  of  less  importance  as  a  factor  affecting  the  per  cent 
loss  and  while  the  per  cent  loss  is  different  the  actual  weight 
loss  tends  to  be  approximately  the  same  for  each  crucible, 
respectively. 

Type  of  Crucible 

The  data  obtained  in  the  above  tests  also  serve  to  show 
the  difference  due  to  the  type  of  crucible. 

With  the  same  weight  of  sample  the  loss  is  greater  when 
the  20-cc.  crucible  is  used.  This  may  be  attributed  to  two 
factors,  (1)  size  of  crucible,  and  (2)  type  of  cover. 

In  their  entii'ety  these  results  show  that  the  difference 
between  the  two  methods  as  to  type  of  crucible  and  amount 
of  sample  tend  to  produce  a  lower  percentage  loss  in  weight 
in  Method  II.  When  this  difference  in  actual  per  cent  loss 
is  augmented  by  the  correction  in  Method  II  which  further 
reduces  the  figure  for  V.  C.  M.,  it  is  readily  apparent  that 
in  any  case  lower  results  are  inherent  in  Method  II  than  in 
Method  I. 

However,  these  data  do  not  account  for  the  dispropor- 
tionate results  obtained  in  different  cokes.  The  cause  for 
this  difference,  as  shown  by  Table  IV,  does  not  lie  in  the  cal- 
culation of  results,  but  is  operative  during  the  first  7-min. 
heating  of  the  crucibles. 

Table  IV — Loss  on  First  7-Min.  Heating 
(Sample  1,  low  volatile  coke;   Sample  3,  liifili  volatile  coke) 

MBTnoD   I  Method   II 

Sample  1       Sample  3         Sample  1        Sample  3 
a  b  a  b 

WeiKht  loss,  gram  0.0225  0.0008  0.0109  0.0789 


Here  the  relation  represented  by  b  in  terms  of  a  is,  for 
Method  I,   b    =2,7    a;    and   for  Method  II,  6    =   7.2  a. 

It  appears  that  the  cause  for  this  variation  can  be  traced 
to  some  difference  of  conditions  which  permits  unequal 
degrees  of  oxidation  or  combustion  with  respect  to  high  and 
low  volatile  cokes  in  the  two  methods,  such  as  (1)  fit  of 
crucible  lids,  (2)  difference  in  relation  of  air  volume  to  coke 
sample  weight,  or  both. 

Type  of  Crucible  Lid 

The  effect  of  a  loose-fitting  lid  was  tried  out  on  the  10-cc. 
crucible  with  a  2-g.  sample.  A  comparison  of  these  results 
with  previous  ones  using  the  usual  tight  lid  is  made  in 
Table  V. 

Table  V — Effect  of  Type  of  Crucible  Lid 
(Per  cent  loss,  1st  heat,  7  min.,  furnace  950°  C.) 
Sample  1  Sample  3 

a  b  b/a 

10-cc.  crucible,  usual  tight  lid 0.55  3.99  7.2 

in-cc.  crucible,  loose  lid 1.23  4.48  3.6 

20-cc.  crucible,  flat  lid 2.25  6.18  2.7 

These  results  indicate  that  the  relative  tightness  of  the  lids, 
of  necessity  causing  a  difference  in  amount  of  oxidation, 
is  closely  connected  with  the  variation  of  the  relation  be- 
tween the  high  and  low  volatile  coke  tests;  particularly 
when  it  is  seen  that,  not  only  is  there  an  increase  in  loss 
in  each  case  when  the  loose  lid  is  used,  but  this  increase  is 
different  for  cokes  of  different  volatile  content,  and  brings 
the  ratio  of  their  apparent  V.  C.  M.  to  a  figure  approxi- 
mating the  ratio  obtained  by  the  20-cc.  crucible  method 
(see  b/a). 

EXPLANATION  OF  RESULTS— The  explanation  of  the  dis- 
crepancy in  results  of  the  two  methods  with  samples  of  high 
and  low  volatile  coke  may  be  as  follows:  In  Method  II, 
with  either  high  or  low  volatile  cokes,  the  volatile  malter 
evolved  passes  out  of  the  small  vent  between  the  lid  and 
rim  of  the  crucible  and  is  burned  externally;  during  the 
test  very  little  of  the  nonvolatile  portion  of  the  coke  is  con- 
sumed, on  account  of  the  protection  afforded  by  the  tight- 
fitting  lid  and  the  generally  nonoxidizing  atmosphere  main- 
tained in  the  crucible. 

With  Method  I  the  amount  of  volatile  matter  evolved 
relative  to  the  air  accessible  to  it  is  considerably  less  than 
in  Method  II,  because  of  the  smaller  sample,  larger  crucible, 
and  loosely  fitting  lid,  all  of  which  make  for  its  quicker 
dissipation  and  more  readily  expose  the  nonvolatile  portion 
to  oxidation,  which  results  in  a  V.  C.  M.  content  considerably 
above  the  actual.  This  is  particularly  the  case  with  low 
volatile  cokes.  As  the  actual  V.  C.  M.  content  of  the  coke 
tested  increases,  the  combustion  of  the  nonvolatile  portion 
is  correspondingly  delayed  and  the  results  more  nearly 
approach  the  true  value. 

Continuous  and  Intermittent  Heating 

The  high  volatile  coke  was  used  in  comparative  tests 
in  which  the  heats  were  made  both  continuous  and  inter- 
mittent for  the  same  total  period. 

TablB  VI — Comparison  of  Loss  Per  cent  with  Continuous 
AND  Intermittent  Heats 


10-cc.  capsule,  2-g.  sample,  fur- 
nace 
20-cc.  crucible,  I-g.  sample,  flame 


14  Min.         14  Min. 
7  Min.    Continuous  Intermittent 


3.99 
6.12 


4.22 
8.42 


4.62 
8.51 


Per  cent  loss 


2.25 


6.08 


0.65 


3.99 


» Slh  Inlernal.  Congr.  Appl.  Chem.,  10,   139. 


The  test  with  the  10-cc.  capsule  shows  that  the  volatile 
matter  is  practically  all  expelled  at  the  end  of  the  7-min. 
period.  The  excessive  increase  in  the  14-min.  continuous 
heat  with  the  20-cc.  crucible  must  be  attributed  to  the  high 
oxidation  factor  inherent  to  this  type  of  apparatus. 

It  may  also  be  noted  that  the  losses  in  the  intermittent 
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heat  tests  are  somewhat  greater  than  those  for  the  same  period  estimated  from  the  continuous  and  intermittent  heats  than 
of  continuous  heating,  which  can  be  ascribed  to  the  oxida-  the  uncorrected  figure. 
tion  resulting  from  air  absorbed  in  the  cooling  of  the  inter- 
mittent tests';     On  this  basis  the  correction  factor  as  appUed      Z' ^- ^l' "T^'Tl"^  i" { t's  ""  "°!  ^.^-^ 

1  1  •  c      1  1  V.  C.  M.  estimated  actual 3 . 6  per  cent  (difference  on   contmu- 

by  Method  II  may  be  somewhat  m  excess  of  the  actual,  ous  and  intermittent  subtracted) 

although  the  result  thus  corrected  is  more  nearly  the  value     v.  c.  m.  by  Method  ii 3 . s  per  cent 


Vanadium  Compounds  as  Driers  for  Linseed  Oil' 

By  F.  H.  Rhodes^  aod  K.  S.  Chen 

Department  of  Chemistry.  Cornelu  UNn-ERsiTV,  Ith.\c.\,  New  York 


Satisfactory  driers  for  linseed  oil  may  be  prepared  by  healing 
ammonium  metavanadate  with  rosin  or  linseed  oil.  The  driers 
thus  prepared,  when  used  in  amounts  sufficient  to  give  0.2  per 
cent  of  vanadium  in  the  oil,  cause  it  to  dry  to  a  hard,  tough,  smooth 
film.  Vanadium  is  superior  to  lead  in  drying  power  and  gives 
smoother  and  tougher  films  than  does  manganese  or  cobalt.  The 
principal  objection  to  the  use  of  vanadium  driers  is  that  they  darken 
the  oil  somewhat. 

The  initial  oxidation  of  linseed  oil  containing  vanadium  drier 
is  much  more  rapid  than  that  of  oil  containing  an  equivalent  amount 
of  lead  drier,  and  the  rapid  absorption  of  oxygen  continues  for 
a  much  longer  time;    about  1 .75  times  as  much  oxygen  is  absorbed. 

The  vanadium  driers  described  in  the  following  paper  possess 
certain  advantages  not  shown  by  the  lead,  manganese,  or  cobalt 
driers  in  common  use,  and  should  prove  very  satisfactory  in  the 
preparation  of  certain  types  of  paint  and  varnish, 

THE  use  of  vanadium  as  a  drier  for  paint  oils  was 
suggested  by  Sabin,^  who  states  that  "the  WTiter 
also  made  a  vanadium  compound  which  was  a  very 
efficient  drier,  but  of  course  its  cost  prevented  its  use." 
The  cost  of  the  material  is  not,  however,  sufficient  to  pre- 
vent the  use  of  vanadium  if  it  were  found  that  such  driers 
were  very  much  more  efficient  than  driers  made  from  the  more 
common  metals,  or  if  the  discovery  of  new  sources  of  va- 
nadium or  the  development  of  improved  processes  of  recovery 
from  the  ore  should  decrease  its  cost. 

Materials 

The  Unseed  oil  used  in  this  work  was  taken  from  a  sample 
lot  of  "Superior  Grade,"  pure,  raw  linseed  oil  presented  to 
this  laboratory  by  Spencer  Kellogg  and  Sons.  The  lead, 
cobalt,  and  manganese  driers  which  were  used  for  compari- 
son with  the  vanadium  driers  were  presented  by  Harshaw, 
Fuller  and  Goodwin  Company.  Upon  analysis,  these  driere 
were  found  to  contain  the  foUo'ning  percentages  of  metal: 

Lead  linoleate 24.2 

Lead  resinate  (precipitated) 22.5 

Manganese  linoleate 10 .  55 

Manganese  resinate  (precipitate) 6.02 

Cobalt  linoleate 12 .  25 

Cobalt  resinate  (precipitated) 2.33 

Prepah.\tion  of  Vanadium  Driers 

The  pure  ammonium  metavanadate  used  in  the  prepa- 
ration of  the  vanacUutn  driers  was  purchased  from  the  Va- 
nadium Corporation  of  America. 

FROM  IGNITED  OXIDE — A  mix-ture  of  6  g.  of  vanadium 
pentoxide,  prepared  by  ignition  of  ammonium  metavanadate, 
and  100  g.  of  linseed  oil  was  heated  -^Nith  constant  stirring. 
The  mass  gradually  thickened  and  became  dark  green  in 
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color.  Even  after  heating  to  350°  C.  for 2.5 hrs., however, 
a  considerable  amount  of  the  soUd  oxide  remained  suspended 
in  the  \iscous  mass. 

In  an  attempt  to  prepare  the  fused  resinate  from  the 
vanadium  pentoxide,  6  g.  of  the  oxide  were  fused  with  100 
g.  of  rosin.  Decomposition  began  at  250°  C.  and  copious 
fmnes  were  evolved.  After  1  hr.'s  heating  there  was  ob- 
tained a  dark  green  viscous  mass  which  solidified  on  coohng 
to  a  brittle  amorphous  mass  in  which  particles  ofunreacted 
oxide  were  still  visible. 

It  was  thought  probable  that  the  failure  to  obtain  com- 
plete reaction  in  these  cases  was  due  largely  to  the  fact 
that  the  ignited  oxide  is  crystalline  and,  like  many  other 
ignited  cr>'staUine  oxides,  relatively  inert.  Attempts  were 
made,  therefore,  to  prepare  driers  by  heating  together  am- 
monium metavanadate  and  rosin  or  hnseed  oU.  Under 
these  conditions  the  ammonium  salt  should  decompose, 
evohing  ammonia  and  giving  amorphous  vanadium  oxide 
which  should  react  readily  with  the  oil  or  rosin. 

FROM  AMMONIUM  METAVANADATE — Vanadium  linoleate 
was  prepared  by  heating  100  g.  of  linseed  oil  to  300°  C. 
and  adding  10  g.  of  ammonium  metavanadate  slowly  and 
with  constant  stirring.  At  each  addition  of  the  vanadate, 
ammonia  was  evolved  and  the  sohd  residue  reacted  readily 
with  the  oil.  The  mixture  was  heated  and  stirred  for  a  short 
time  after  the  addition  of  the  last  portion  of  the  ammonium 
vanadate,  and  was  then  allowed  to  cool.  The  final  product 
was  a  dark  green  waxy  mass  which  showed  no  particles 
of  unincorporated  oxide  or  vanadate  and  which  contained 
3.15  per  cent  of  vanadium  by  analysis.  The  rather  low 
vanadium  content  is  due  to  the  fact  that  considerable  "dust- 
ing" occurred  during  the  addition  of  the  vanadate. 

In  the  same  way,  vanadium  resinate  was  prepared  by 
adding  10  g.  of  aimnonium  vanadate  to  100  g.  of  rosin  at 
a  temperature  of  250°  C.  This  resinate  was  a  darkoUve- 
green  amorphous  solid  containing  2 .  68  per  cent  of  vanadium. 

Prepab.\tion  of  Solutions 

A  series  of  concentrated  drier  solutions  was  prepared 
by  dissohdng  the  hnoleates  (or  re'sinates)  of  lead,  manganese, 
cobalt,  and  vanadium,  respectively,  in  warm  hnseed  oO. 
In  each  case  the  amounts  of  oU  and  drier  were  such  as  to 
make  100  g.  of  drier  solution  containing  exactly  1  g.  of  the 
metallic  element  of  the  drier.  From  these  solutions  four 
series  of  solutions  of  drier  in  raw  linseed  oil  were  prepared, 
each  series  consisting  of  solutions  containing,  respectively, 
0.1,  0  2,  and  0.3  per  cent  of  metal.  In  preparing  each  so- 
lution, the  required  amounts  of  raw  oil  and  of  concentrated 
drier  solution  were  mixed  and  heated  to  200°  C.  in  order  to 
secure  thorough  and  uniform  incorporation  of  the  drier 
in  the  oil. 
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Comparison  of  Driers 

RELATIVE  DRYING  TIME — In  a  sei'ies  of  experiments  made 
to  determine  the  relative  drying  times  of  the  oils  containing 
the  various  driers,  each  sample  was  painted  out  in  a  thin 


Fig.  1 

film  on  a  glass  plate  which  was  allowed  to  stand  at  room 
temperature  until  dry.  The  time  required  for  each  sample 
to  "set"  (i.  e.,  to  dry  until  no  longer  sticky  when  touched 
lightly  with  the  finger)  and  to  "dry"  (i.  e.,  to  become  hard 
enough  to  give  no  impression  when  pressed  with  the  finger) 
was  noted.  For  purposes  of  comparison,  a  similar  test  was 
made  with  raw  linseed  oO  containing  no  drier.  The  results 
are  shown  in  Table  I. 

Table  I 


I — "Setting"  and  "Drying" 

Times  oii  R 

AW  Linseed 

Oil,  with 

Various  Driers 

, Drier 

Amount 

Hours 

to 

Metal 

Type 

Per  cent 

"Set" 

'Dry" 

Manganese 

Resinate 

0.1 

12 

5 

14 

Manganese 

Resinate 

0.2 

15 

17 

Manganese 

Resinate 

0.3 

IV 

18 

Manganese 

Linoleate 

0.1 

13 

13.5 

Manganese 

Linoleate 

0.2 

15 

17 

Manganese 

Linoleate 

0.3 

17 

17 

Cobalt 

Resinate 

0.1 

4 

5 

5.5 

Cobalt 

Resinate 

0.2 

4 

5 

6 

Cobalt 

Resinate 

0.3 

5. 

5 

8     - 

Cobalt 

Linoleate 

0.1 

6 

6.5 

Cobalt 

Linoleate 

0.2 

i 

5 

6.5 

Cobalt 

Linoleate 

0.3 

4 

5.5 

Vanadium 

Resinate 

0.1 

7 

9 

Vanadium 

Resinate 

0.2 

B 

8 

Resinate 

0.3 

6 

8.5 

Vanadium 

Linoleate 

0.1 

7 

9.5 

Vanadium 

Linoleate 

0.2 

6 

8.5 

Vanadium 

Linoleate 

0.3 

6 

8.5 

Lead 

Resinate 

0.1 

38 

42 

Lead 

Resinate 

0.2 

29 

32     . 

Lead 

Resinate 

0.3 

28 

31 

Lead 

Linoleate 

0.1 

38 

42 

Lead 

Linoleate 

.    0.2 

29 

32 

Lead 

Linoleate 

0.3 

27 

5 

31 

Raw  linseed  oil 

57 

63 

It  will  be  observed  that  an  increase  in  the  concentration 
of  mangane.se  drier,  either  resinate  or  linoleate,  causes  an 
increase  in  both  the  setting  time  and  the  drying  time.  This 
is  due  to  the  fact  that  with  the  higher  concentrations  of 
manganese  the  oil  film  "casehardens,"  i.  n.,  a  tough  film 
forms  rapidly  at  the  surface  and,  by  excluding  the  air  from 
the  lower  part  of  the  film,  actually  increases  the  drying  time. 

The  results  in  Table  I  indicate  that  vanadium  driers  are 
much  more  efficient  than  lead  or  manganese  driers.  Oils 
containing  vanadium  driers  dry  about  twice  as  rapidly  as 
do  oils  containing  an  equivalent  amount  of  manganese 
drier,  and  almost  five  times  as  rapitUy  as  do  oils  containing 
an  equivalent  amount  of  lead  drier.  Vanadium  driers 
are  only  slightly  less  efficient  than  cobalt  driers. 

CHARACTER  OF  FILM — Like  cobalt,  vanadium  appears  to 
cause  the  oil  to  dry  uniformly  throughout  its  mass.  No 
tendency  to  the  formation  of  surface  films  or  "skins"  was 
observed. 


The  films  with  manganese  drier  showed  a  distinctly  wrin- 
kled appearance  after  drying.  Cobalt  also  caused  some  wrin- 
kling. The  oils  made  up  with  the  lead  or  vanadium  drier 
gave  perfectly  smooth  films. 

Each  film  was  allowed  to  stand  for  1  wk.  after  it  was 
classed  as  "dry,"  and  was  then  examined  for  toughness  by 
scratching  with  the  point  of  a  knife.  The  films  containing 
manganese  were  distinctly  brittle,  and  broke  away  in  small 
scales.  Those  made  with  cobalt  drier  were  somewhat 
brittle,  and  broke  in  short  strips  from  the  edge  of  the  knife. 
Films  containing  lead  or  vanadium  were  tough,  coming 
away  in  long  curling  ribbons. 

The  oils  containing  vanadium  driers  were  darker  in  color 
than  the  others,  and  gave  brownish  fihns.  It  is  possible 
that  this  darkening  might  be  decreased  or  ehminated  by 
varying  the  procedure  used  in  preparing  the  drier.  In 
any  case,  the  color  would  be  objectionable  only  in  the  prepa- 
ration of  white  paints  or  specially  pale  varnishes. 

COMPAHISON  OF  VANADIUM  AND  LeAD  DrIERS 

In  order  to  obtain  a  more  quantitative  comparison  of  the 
drying  properties  of  vanadium  and  of  lead,  a  series  of  ex- 
periments was  made  to  determine  the  effect  of  the  respective 
driers  upon  the  rate  of  absorption  of  oxygen  by  linseed  oil. 

The  apparatus  is  shown  in  Fig.  1.  The  wide-mouthed 
bottle  A  was  immersed  in  a  thermostat,  the  temperature 
of  which  was  constant  to  within  0.1°  C.  The  bottle  was 
closed  by  a  tightly  fitting  rubber  stopper,  through  which 
was  inserted  a  glass  tube  connected  to  one  outlet  of  a  mercury- 
filled  Hempel  gas  buret,  B.  The  other  outlet  of  the  buret 
was  connected,  by  tube  D,  with  a  tank  of  oxygen.  Two 
duplicate  pieces  of  apparatus  were  constructed,  so  that 
parallel  tests  on  the  two  driers  could  be  made  at  the  same  time 
and  under  as  nearly  as  possible  identical  conditions. 

PROCEDURE — A  strip  of  cotton  filter  cloth,  10  in.  long  and 
1  in.  wide,  was  weighed,  saturated  with  oil  containing  the 
desired  amount  of  drier,  and  again  weighed  to  determine 
the  weight  of  the  sample.  One  end  of  the  strip  was  attached 
to  a  copper  wire  in  such  a  manner  that  the  cloth  hung  flat 
and  free  from  folds,  and  wire  and  cloth  were  suspended 
in  the  bottle  as  shown.  Before  placing  the  sample  in  position 
the  bottle  was  filled  with  oxygen  at  atmospheric  pressure, 
and  a  small  amount  of  concentrated  sulfuric  acid  was  placed 
in  the  bottom  of  the  bottle  to  absorb  any  water  vapor  that 
might  be  formed  during  the  oxidation  of  the  oO.  The  stopper 
carrying  the  inlet  tube  and  the  wire  from  which  the  sample 
was  suspended,  was  then  inserted  tightly.  Exactly  100  cc. 
of  dry  oxygen  at  known  (atmospheric)  pressure  and  known 
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temperature  were  drawn  into  the  buret,  the  stopcock  was  so 
turned  as  to  connect  the  buret  with  the  bottle,  and  the 
apparatus  was  allowed  to  stand  in  this  position.    As  the 
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Table  II- 


-OxYGEN  Absorbed  by  Linseed  Oil  with  Lead  and  Vanadium 
Driers 


Time 
Hrs. 


1.5 
3.5 
5 

6.5 
9 

11.4 
23 
27.5 
30.5 
33.5 
35.5 
46.5 
54.5 
73 
SI 
94.5 

104.5 

128.5 

153.5 

179 

203 

247 

286 

382 

430 


Cc.    Oxygen 

Absorbed 

Calc.  to  0°  C, 

760  Mm.  Hg 

Vanadium 

Lead 

50.1 

4.17 

70.4 

12.9 

SI. 8 

24.4 

91 

29.9 

97 

43.5 

112.4 

51.1 

141.5 

93.8 

154 

104 

157 

116.6 

162.5 

121.5 

170.5 

128.1 

205 

155.8 

221.3 

159 

240 

169.5 

251.5 

174.7 

272 

183.5 

285 

191.6 

311.2 

196.2 

333.4 

203 

348 

208.7 

363.9 

214.5 

383 

219.8 

406.5 

232 

435 

247 

444 

252 

oxjfgen  was*absorbed  by  the  oil,  the  leveling  tube  of  the 
buret  was  raised  so  as  to  maintain  atmospheric  pressure 
within  the  apparatus.  At  definite  intervals  readings  were 
taken  to  determine  the  amount  of  oxygen  absorbed  by  the 


oil.  The  experiment  was  continued  untU  the  rate  of  absorp- 
tion of  oxygen  became  very  slow. 

Duplicate  runs  were  made  with  samples  of  linseed  oU 
containing  lead  drier  and  vanadium  drier,  respectively. 
The  temperature  of  the  thermostat  was  kept  constant  at 
30°  C.  ±  0.1°  C.  The  amount  of  drier  in  each  sample 
was  equivalent  to  0.2  g.  of  metal  (lead  or  vanadium)  in 
100  g.  of  the  sample.  The  weight  of  the  sample  of  oO  con- 
taining the  lead  drier  was  1.0224  g.,  while  the  sample  made 
up  with  vanadium  drier  weighed  1 .  0403  g. 

The  results  obtained  in  these  experiments  are  shown 
in   Table   II. 

These  results  are  shown  graphically  in  Fig.  2.  It  will 
be  observed  that  in  the  case  of  the  oil  containing  the  lead 
drier,  the  absorption  of  oxygen  proceeded  rather  rapidly 
for  about  the  first  80  hrs.,  and  continued  rather  slowly 
and  uniformly  until  the  end  of  the  run.  The  rate  of  oxi- 
dation of  the  sample  containing  vanadium  drier  was  very 
high  during  the  first  10  hrs.,  decreasing  slowly  and  con- 
tinuously throughout  the  remainder  of  the  experiment. 

It  is  of  interest  to  note  that  the  oil  containing  vanadium 
drier  absorbed,  during  the  period  of  observation,  a  total 
amount  of  oxygen  equivalent  to  1 .  76  times  the  amount  of 
oxygen  absorbed  by  the  sample  prepared  with  lead  drier. 


The  Soil  Solution' 

By  J.  E.  Greaves^  and  C.  T.  Hirst' 

Department  of  Chemistry,  Utah  Agricultural  Experiment  Station,  Logan,  Utah 


THE  investigator  of  "alkali  soils"  often  has  difficulty 
in  obtaining  a  clear  filtrate  because  in  the  watery 
extract  the  degree  of  dispersion  of  the  colloidal  dis- 
perse phase  is  so  great  and  in  such  a  stable  form  that  the 
solution  may  be  kept  for  years''*  without  flocculation.  The 
particles  of  such  a  phase  are  so  small  that  it  is  impossible 
to  separate  them  by  ordinary  filtration.  It  is  imperative, 
however,  that  the  soil  extract  be  free  from  colloidal  parti- 
cles; colored  colloids  interfere  with  sharpness  of  end  reaction 
in  colorimetric  and  some  volumetric  reactions,  and  where 
the  colloid  is  of  a  proteinous  nature,  subsequent  reduction 
may  liberate  nitrogen  or  ammonia  which  in  the  end  reaction 
may  be  interpreted  as  nitric  nitrogen.  Furthermore,  the 
colloids  may  actually  combine  with  one  or  more  of  the  re- 
agents giving  erroneous  results.  The  ideal  method  of  obtain- 
ing a  clear,  aqueous  solution  would  be  one  which  yielded  a 
clear  solution  without  filtration.  This  would  necessitate  the 
addition  of  a  flocculent  to  the  soil  infusion.  Such  a  sub- 
stance should  be  rapid  in  action  and  should  remove  only 
a  minimum  quantity  of  the  soluble  salts  from  the  solution, 
and  must  not  interfere  with  the  sensitiveness  of  the  method. 

The  work  of  Linder  and  Picton'  on  flocculents  is  especially 
valuable,  as  they  tested  the  precipitating  powers  of  various 
salts  on  arsenious  sulfide  solution.  Aluminium  sulfate  was  the 
most  efficient  compound  used,  followed  by  aluminium  chloride. 
Ferric  sulfate  was  only  about  one-third  and  calcium  salts  only 
about  one-fourth  as  effective;  3200  times  as  much  sodium  chloride 
as  aluminium  sulfate  were  required  to  produce  the  same  effect. 
McGeorge'  found  aluminium  sulfate  the  most  efficient  flocculent 
for  clay.  Wolkofl*  found  the  aluminium  compounds  among  the 
best  flocculents,  but  there  was  a  great  variation,  depending  upon 
the  soil.     This  is  to  be  expected  from  Hardy's  rule  that  the 
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precipitating  power  of  an  electrolyte  for  a  colloid  depends  on  the 
valence  of  the  ion  which  carries  the  electric  charge  opposite  that 
of  the  dispersoid.  The  colloids  found  in  the  soil  may  be  either 
the  electronegative  colloid — clay — or  the  positive  or  negative 
organic  colloid. 

Buhlert  and  Fickenday'  recommended  the  addition  of  2  per 
cent  of  sodium  chloride,  whereas  King  and  Whitson'  used  po- 
tassium alum.  The  quantity  of  alum  recommended,  however, 
gave  with  some  soils'  a  cloudy  solution  which  had  to  be  filtered 
before  it  could  be  compared  in  the  colorimeter.  Furthermore, 
in  the  presence  of  sulfates  there  is  a  loss  of  nitrates  when  the 
phenoldisulfonic  acid  method  is  used.  Chamot'  and  co-workers 
found  aluminium  cream  the  best  precipitating  agent  of  several 
tested  for  organic  matter,  and  that  it  occasioned  no  loss  of  ni- 
trates. Lipman  and  Sharp'  found  potassium  alum,  aluminium 
cream,  and  boneblack  all  decidedly  unreliable,  inducing  losses 
of  nitrates  in  the  phenoldisulfonic  acid  method.  They  found 
lime  to  be  much  more  reliable,  but  it  must  not  be  used  with 
chloroform  because  the  double  decomposition  which  takes  place 
produces  chlorides,  which  interfere  with  the  accurate  determina- 
tion of  nitrates.'"  One  of  us  has  used  the  Pasteur-Chamber- 
land  filter  very  extensively  in  his  work"  on  soil  nitrates.  This 
gives  a  clear  solution  and  occasions  only  slight  losses  of 
nitrates.'* 

Comparison  of  Clarifying  Agents 

Sodium,  potassium,  and  iron  alum,  ferric  sulfate,  lime, 
finely  precipitated  calcium  carbonate,  and  talc,  together 
with  the  centrifuge  and  the  Pasteur-Chamberland  filter,  were 
tested  on  a  number  of  soOs  rich  in  soluble  salts  and  having  a 
high  clay  or  organic  colloidal  content.  These  agents  could 
be  arranged  in  a  descending  order  of  efficiency  as  follows: 
Pasteur-Chamberland  filter,  ferric  alum,  ferric  sulfate,  sodium 
alum,  potassium  alum,  centrifuge,  talc,  calcium  carbonate. 

The  centrifuge  was  run  at  a  speed  of  1200  r.  p.  m.,  and  some 
solutions  were  not  clear  after  30  min.  centrifuging.  Many 
soU-water  mixtures  to  which  talc  or  calcium  carbonate  were 
added  were  not  clear  after  several  hours. 
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The  quantity  of  the  specific  salt  recovered  varied,  depending 
upon  the  method  used  in  clarifying  the  solution  (Table  I). 

Tablb   I — Pbrcbntaobs  op  Nitratbs,   Chlorides,   and   Sulfates  Rb- 
covBRBD  PROM  Clarified  Solutions 
' Salt  Recovered —  Nitrates  Re- 

Nitrates     Chloride        Sulfates  covered 

Method  Per  cent    Per  cent      Per  cent       Method  Per  cent 

Filter 98.4  100.1  100,1     Ferric  sulfate  96.5 

Centrifuge 97.0  ...  ...        Calcium  oxide  96.5 

Sodium  alum.  .      99.2         100.0  ...        Calcium  carbonate    96.3 

Potassium  alum.     99.6  ...  ...        Talc  94.6 

Ferric  alum 93.7  ...  

Since  neither  calcium  carbonate  nor  talc  gave  clear 
solutions,  they  can  be  discarded.  Conclusive  evidence  has 
been  produced  to  show  that  when  lime  is  used  in  the  deter- 
mination of  nitric  nitrogen  by  the  phenoldisulfonic  acid,  the 
aluminium  reduction,"  or  the  Ulsch  reduction  methods,"  low 
results  are  obtained.  This  is  not  due  to  the  lime  carrying 
out  with  the  colloid  some  of  the  nitrate,  for  similar  results 
are  obtained  when  lime  is  added  to  a  pure  solution  of  sodium 
nitrate  and  the  nitric  nitrogen  determined  directly  by  the 
Ulsch  method. 

It  therefore  appears  that  the  Pasteur-Chamberland  filter, 
centrifuge,  or  sodium  or  potassium  alum  is  best  suited  to  use 
as  a  flocculent  in  the  determination  of  nitric  nitrogen  in  the 
soil.  Moreover,  the  evidence  is  conclusive  that  the  filter  does 
not  retain  quantities  of  chlorides,  sulfates,  or  nitrates  suffi- 
cient to  vitiate  the  results  in  soil  analysis."  Only  the  filter 
or  centrifuge  can  be  used  where  sulfates  are  to  be  determined 
in  the  solution. 

Five  grams  of  alum  may  be  added  to  a  soU  solution  without 
its  interfering  with  the  recovery  of  nitrates  or  sulfates,  but 
the  writers  have  yet  to  find  a  soil  which  requires  over  2  per 
cent  to  give  clear  filtrates.  On  the  other  hand,  when  lime  is 
used  as  the  flocculent  the  quantity  of  nitric  nitrogen  recovered 
is  inversely  proportional  to  the  quantity  of  lime  added  to  a 
soil-water  mixture. 

Time  of  Extraction 

The  time  necessary  for  water  to  dissolve  the  salts  within  a 
soil  may  vary  greatly  witli  the  condition  of  the  soU  when  the 
water  is  added,  as  well  as  the  treatment  given  the  mixture. 
If  the  water  is  not  left  in  contact  with  the  soil  for  a  sufficient 
length  of  time  some  of  the  salts  may  be  left  unextracted,  and 
if  left  too  long  denitrification  may  take  place.  Yet  we  find 
a  large  variation  in  the  time  recommended  by  different 
workers. '•^'"•''•'''" 

In  order  to  obtain  more  exact  information  on  this  subject, 
the  writers  extracted  with  500  cc.  of  water  for  varying 
lengths  of  time  100-g.  portions  of  various  soOs  containing, 
in  the  case  of  nitrates  and  clilorides,  2  g.  of  alum.  When 
sulfate  was  determined  the  alum  was  omitted.  The  samples, 
in  1000-cc.  bottles,  were  agitated  in  a  mechanical  shaker  for 
the  time  indicated  and  allowed  to  stand  long  enough  to  settle 
(not  over  10  min.),  and  the  nitrates,  chlorides,  and  sulfates 
were  determined  by  the  Ulsch,"  Volhard,'*  and  gravimetric 
methods,''  respectively.  The  average  results  for  a  number  of 
determinations  are  given  in  Table  II. 

Table  II — Percentages  ok  Nitrates,   Chlorides,  and  Sulfates  Ex- 
tracted FROM  Soil  in  Varying  Lengths  of  Time 

' Time  of  Shaking  (Minutes) ^ 

Salt  5  10         15  20  30  35         40  45 

Nitric 

nitrogen,.      100.4      100.4      98.5        ...         101.3      101.3        98.1 

Chlorides....      100.1      100.3        ..        lUO.O     10(1.2        99.9 

Sulfates 88.3        100.8       97.6        ...        102.8     101.7 

Inasmuch  as  these  tests  were  made  on  finely  powdered  soil 
and  the  soil-water  mixture  was  thoroughly  agitated  for  the 
time  indicated,  they  would  not  roprcsont  the  conditit)n  where 
unpulverized  soil  was  treated  with  water.  So  far  as  the 
nitrates  and  chlorides  are  concerned  iiotliing  is  to  be  gained 
by  shaking  the  soil  longer  than  5  min.,  but  in  the  case  of  the 


sulfates  equilibrium  is  not  reached  until  they  have  been  shaken 
40  min. 

These  results  were  obtained  from  solutions  not  nearly 
saturated.  For  example,  at  0°  100  g.  of  water  will  dissolve 
26.9  g.  of  anhydrous  magnesium  sulfate,  or  76.9  g.  of  the 
heptahydrate,  or  4.8  and  55.59  g.  of  the  corresponding  salts 
of  sodium.  Under  the  present  conditions  there  are  present 
but  2.25  per  cent  of  sulfates  calculated  as  sulfuric  acid 
(about  half  and  half  sodium  and  magnesium  sulfates). 
If,  as  frequently  happens,  soils  are  rich  in  gypsum,  much 
longer  shaking  will  be  necessary  to  attain  equilibrium  in  any 
ratio  of  soil  to  water  which  we  wish  to  use. 

Ratio  of  Soil  to  Water 

We  find  little  regularity  in  the  ratio  of  water  to  soU,  used 
by  different  workers. ''^''^•''''•^■'^^  In  the  present  investi- 
gation, the  writers  have  made  determinations  of  the  various 
salts  in  soU  and  soil  to  which  dried  blood  was  added,  varying 
only  the  ratio  of  water  to  soil.  The  average  results  for  a 
number  of  determinations  are  given  in  Table  III. 

Table  III — Percentages  of  Salts  Extracted  with  Varying  Ratio  of 
Soil  to   Water 

. Ratio . 

Salt  1:5      1:10      1:15       1:20      1:25 

Nitric  nitrogen 99.8       98.6       97.2       97.8     100.0 

Sodium  chloride 99.9     100.0       99.5       99.9 

Sulfates 99.6       98.8     101.2     100.0 

The  difference  found  is  only  what  could  be  attributed  to 
experimental  error.  Hence,  we  may  conclude  that  the  ratio 
of  soU  to  water  is  immaterial,  provided  the  soU  does  not  eon- 
tain  sufficient  salt  to  give  a  saturated  solution.  However, 
the  water  in  the  sample  must  be  taken  into  consideration. 
The  facts  that  the  same  quantity  of  salt  is  extracted  with  the 
varying  quantities  of  water  and  that  nearly  100  per  cent  is 
recovered  in  the  various  experiments  reported  in  tliis  work 
make  it  very  doubtful  if  Alien  and  Bonazzi's^^  contentions 
are  justified,  that  the  determination  of  the  nitric  nitrogen  in 
the  water  extract  does  not  give  a  determination  of  the  nitric 
nitrogen  in  the  soU. 

Use  of  an  Antiseptic 

Most  workers  assume  that  if  the  soil  is  to  stand  in  contact 
with  the  water  any  length  of  time  and  nitrates  are  to  be 
determined,  an  antiseptic  should  be  added;  yet,  we  have  no 
definite  information  as  to  its  quantity.  In  many  cases  the 
quantity  added  may  actually  accelerate  the  biological  trans- 
formations going  on  in  the  soil.  Moreover,  it  is  not  im- 
material what  antiseptic  be  used,  for  chloroform'"  used  in 
the  presence  of  lime  with  the  phenoldisulfonic  acid  method 
gives  inconsistent  results. 

In  order  to  determine  the  error  due  to  the  standing  of  the . 
soil  solution,  100-g.  portions  of  a  rich  garden  soil  were  treated 
with  water  and  varying  quantities  of  nitric  nitrogen  and 
the  quantity  of  nitric  nitrogen  present  was  determined  after 
varying  lengths  of  time.  The  average  results  are  given  in 
Table  IV. 

Table    IV- — Milligrams   of    Nitric   Nitrogen    Rbcovered   from   Soil 
AFTER  Varying  Lengths  of  Time 

* Nitrogen    Recovered  in » 

100  G.  Soil  -f  20    100  G.  Soil  +  40 

Hours  100  G.  Soil  Mg.  N.  N.  Mg.  N.  N. 

0  38.85  53.35  72,85 

24  36.53  53.44  72,23 

48  34.00  .55.28  70.00 

120        26.00        50,40        67,20 

144         19,90         46,24         53,95 

After  the  first  24  hrs.  there  was  a  gradual  increase  in  loss. 
This  indicates  that  the  loss  where  the  solutions  are  to  stand 
some  time  may  be  ajipreciable.  However,  considerable 
quantities  of  nitric  nitrogen  disappear  from  a  mixture  of 
soil  and  fresh  hor.se  manure.  Tliis  is  often  considerable 
during  tiic  first  24  hrs.,  even  in  the  presence  of  2  per  cent  of 
sodium  alum.     Repeated  tests  of  water  extracts  of  ordinary 
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fertile  soils  kept  at  24°  C.  for  24  lirs.  showed  no  loss  of  nitric 
nitrogen,  and  even  after  48  hrs.  the  loss  was  always  very  small. 
It  is  evident,  therefore,  that  where  the  soil-water  mixture, 
or  the  soil  extract,  is  to  stand  some  time  precautions  must 
be  taken  to  prevent  a  loss  of  nitrogen.  The  antiseptics 
which  have  been  used  are  lime,  alum,  chloroform,  and  thymol. 
Lime  interferes  with  the  determination  of  nitric  nitrogen  and 
can  be  discarded.  The  results  from  tests  on  the  other  three 
are  given  in  Table  V. 
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Table   V — Milligrams  of   Nitric-  Nitrogen   in   Soil   after   Varying 
Lengths  of  Time  with  Antiseptic 

After      After      After      After 

24  48  144  168 

Treatment  At  First      Hrs.       Hrs.       Hrs.       Hrs. 

Soil+2s.alum 48.00     47.63     45.20     35.00     33.60 

Soil  -i-  2  g.  alum  -+-  20  mg.  nitric  ni- 
trogen       67.96     67.26     65.44     58.14     55.34 

Soil  +  2     g.   alum  +  40    mg.    nitric 

nitrogen 89.68     87.28     84.34     77.01     72.85 

Som- 2  g.  alum  +  thymol 49.04     49.00     48.30       4.00       5.00 

Soil  +  2  g.  alum  +  thymol  +  20  mg. 

nitric  nitrogen 69.36     67.68     67.96       4,40       4.00 

Soil  +  2  g.  alum  -f  thymol  +  40  mg. 

nitric  nitrogen 89.26     88.36       8.26       1.40       4.00 

Soil  +  chloroform 51.80     51.80     51.30     43.40     37.80 

Soil  +  chloroform  +  20     rag.    nitric 

nitrogen 71.94     71.87     71.46     60.66     57.55 

Soil  -t-  chloroform  +  40    mg.    nitric 

nitrogen 88.46     91.06     88.26.80.84     72.86 

Similar  data  are  illustrated  graphically  in  Fig.  1,  in  which 
the  upper  graphs  give  results  obtained  on  a  rich  greenhouse 
soU,  while  those  at  the  bottom  are  from  a  soil-manure  mixture. 

Table  VI — Milligrams  of  Nitric  Nitrogen  from  Son.  and  Manure 
AFTER    Varying   Lengths   op   Time 

' Nitric  Nitrogen  Found . 

After         After      After 
24  48  72 

Treatment  At  First     Hrs.  Hrs.        Hrs. 

Soil,  no  antiseptic  3.064       0.826         0.49       0.56 

Soil  -f  2  g.  alum 3.117       2.732         2.59       1.96 

Soil -f- 2g.alum  -f  O.Scc.  CHCIj 3.067       2  980         3.06       3.22 

Soil  +  2g.alum  +  l.Occ.  CHCh 2.956       2.840         2.90       2.91 

Soil  +  2  g.  alum  +  2.0  cc.  CHClj 2.800       3.010         2.90       2.89 

Soil  +  2  g.  alum  +  3.0  cc.  CHCU 2.790       2.910         2.93       3.16 

It  is  evident  from  the  results  reported  in  Table  VI  that 
notiiing  is  to  be  gained  by  adding  over  0.5  cc.  of  chloroform 
to  100  cc.  of  the  soil-water  mixture.  Moreover,  as  these 
results  clearly  show,  more  concordant  results  are  obtained 
when  analyses  are  made  immediately  and  the  authors  dis- 
pense with  an  antiseptic. 

The  losses  of  nitrogen  reported  in  most  of  this  work  are 
ma.xima  and  probably  would  never  be  duphcated  in  regular 
work,  because  the  soU  contained  such  large  Quantities  of 
nitrates  and  fresh  horse  manure.  Moreover,  the  solutions 
were  kept  in  an  incubator  at  24°  C.  during  various  intervals. 
It  would  appear  that  under  ordinary  conditions,  where  the 


time  in  which  the  soil  is  in  the  water  is  short  and  the  tempera- 
ture comparatively  low,  no  loss  would  result  with  ordinary 
soU  where  the  2  g.  of  alum  had  been  added. 

SUMMABT 

Clear  soU  extracts  may  be  obtained  by  adding  2  g.  of  lime, 
ferric  siUfate,  ferric  alum,  sodium  alum,  or  potassium  alum 
to  the  soil-water  mixture,  by  filtering  through  the  Pasteur- 
Chamberland  fUter,  or  by  centrifuging.  The  last  three  pro- 
cedures give  a  clear  solution  with  a  minimum  loss  of  salt. 
Lime,  ferric  sulfate,  and  ferric  alum  cause  a  considerable  loss 
of  nitrates. 

In  the  determination  of  clJorides  and  nitrates  nothing  is  to 
be  gained  by  agitating  the  soil  and  water  for  more  than  5  min., 
provided  the  soU  is  finely  divided  and  the  solution  \'igorously 
shaken.  A  longer  time  of  agitation  is  required  to  reach 
equilibrium  in  a  soU  solution  in  which  sulfates  are  to  be  de- 
termined. This  time  will  depend  upon  the  quantity  and  qual- 
itj'  of  sulfates  present. 

U.sually  a  ratio  of  one  part  of  soil  to  five  of  water  is  suffi- 
ciently wide,  but  tliis  also  will  depend  upon  the  quantity  and 
kind  of  sulfates  present. 

Where  nitrates  are  to  be  determined  in  the  soU  solution  and 
alum  is  used  as  the  fiocculent,  no  other  antiseptic  is  necessary; 
where  alum  is  not  used  and  the  solutions  are  to  stand  for  some 
time  it  is  well  to  add  0.5  cc.  of  chloroform  to  each  sample. 
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Composition  Basis  for  Considering  Water  Requirements 

of  Plants" 

By  H.  A.  Noyes 

MEU.ON  Institute  op  Industrial  Research,  Pittsburgh,  Pennsylvania 


The  results  of  field  and  greenhouse  experiments  recorded  in  the 
following  paper  indicate  that  fertilization  of  a  soil  which  responds 
to  direct  or  indirect  fertilizer  treatment  allows  the  plants  to  make 
their  growth  on  a  smaller  amount  of  Water  and  to  have  a  different 
composition  from  what  they  otherwise  would. 

The  same  effect  is  produced  by  cultivation,  which  by  opening 
up  the  soil  increases  bacterial  activity,  which  in  turn  gives  increased 
concentration  of  the  soil  solution. 

Proper  fertilization  and  cultivation  minimize  dangers  to  crops 
from  drought  injury  in  humid  regions  of  the  United  States  by 
having  the  plant  go  into  the  drought  period  with  an  accumulative 
reserve  of  soil  moisture. 

This  work  opens  up  the  study  of  fertilization  from  the  basis  of 
water  requirement. 

THERE  is  hardly  a  plant  for  which  one  cannot  find 
wide  ranges  in  the  published  analyses.  Different' 
experiment  stations  have  tried  to  produce  high  pro- 
tein corn  or  to  raise  the  content  of  some  valued  constituent 
in  another  crop.  This  question  of  variation  in  analysis 
is  so  mixed  up  with  food  chemistry  that  the  writer  has  thought 
it  worth  while  to  search  for  reasons  for  this  variation. 

Some  investigators  have  analyzed  plants  to  find  out  what 
fertilizer  constituents  they  contain,  and  have  attributed  the 
variations  in  analysis  to  lack  of  fertihzer  constituents  in  the 
soil.  In  accordance  with  Liebig's  theories,  they  have  added 
plant  food  to  the  soil  in  quantities  equal  to  those  taken  out 
by  the  crop.  Another  method  of  study  of  plant  growth  has 
been  to  try  to  determine  directly  from  the  soil  analysis  what 
is  lacking,  and  how  to  fertilize  for  increased  crops.  The 
writer  has  worked  out  a  rather  novel  method  of  attacking 
the  problem,  namely,  the  application  of  different  fertilizer 
materials  to  the  soil,  and  a  study  of  the  variation  in  plant 
composition  and  water  requirements  caused  by  these  fer- 
tihzer treatments. 

Field  Experiments 

In  some  experiments  -made  in  1914  in  orchards  where 
cultivation  was  the  largest  variable,  the  writer  found  large 
differences  in  the  moisture  content  of  the  soil  at  only  one 
period  of  the  year.  The  data  in  Table  I  show  conditions 
in  this  young  orchard.  The  results  show  that  differences 
in  soil  management  gave  entirely  different  trees,  as  indicated 
by  circumference  gains,  average  weight  of  leaf,  and  per  cent 
nitrogen  in  leaves.  The  importance  of  cultivation,  by  which 
air  is  let  down  into  the  soil  and  chemical  reactions  allowed 
to  take  place,  is  clearly  shown  in  this  table. 

The  two  plots  where  the  trees  made  the  greater  growth 
have  much  larger  nitrate  contents  and  have  lost  relatively 
much  less  water  up  to  the  height  of  the  growing  season. 
Records  on  rainfall  have  been  kept,  and  study  of  the  relative 
absorption  and  retention  of  water  by  this  soil  under  the  dif- 
ferent systems  of  management  has  shown  very  little  differ- 
ence under  the  cultural  treatments  in  the  absorptive  ca- 
pacities of  the  surface  with  prevailing  rates  of   rainfall. 

'  Presented  before  the  Division  of  Agricultural  and  Food  Chemistry 
at  the  62nd  Meeting  of  the  American  Chemical  .Society,  New  York,  N.  Y., 
September  0  to  10,  1921. 

*  The  b.asis  for  this  work  consi-sts  largely  of  data  secured  by  the  author 
or  under  his  direction  while  in  the  employ  of  Purdue  University  ARricultnral 
Experiment    Station. 


It  api^ears,  then,  that  the  immense  differences  in  the  changes 
of  relative  weights  of  water  in  the  soil  must  have  something 
to  do  with  the  water  utilization  by  the  plants. 

Kiesselbach  of  Nebraska  makes  the  following  statement:' 
"Up  to  an  optimum  soil  productivity  the  amount  of  water 
transpired  per  pound  of  dry  matter  reduces  with  an  increase 
in  available  nutrients."    Again  he  says:'' 

21 — The  water  requirement  per  pound  of  dry  matter  is  much 
larger  in  an  infertile  soil  than  in  a  fertile  soil.  Increasing  the 
fertility  of  the  soil  reduces  the  water  requirement  for  grain 
production  and  for  total  dry  matter.  An  application  of  manure 
has  a  much  greater  effect  upon  an  infertile  than  upon  a  fertile 
soil.  Thus,  as  an  average  for  2  yrs.,  equal  applications  of  sheep 
manure  to  infertile,  intermediate,  and  fertile  soils  reduced  the 
water  requirements  for  ear  com  production  42.6,  25.4,  and  10.5 
per  cent,  respectively.  For  total  dry  matter  these  water  re- 
quirements were  reduced  28.9,  17.1,  and  8.1  per  cent,  respec- 
tively. However,  the  total  water  requirement  per  plant  was 
increased  by  an  application  of  manure  to  infertile,  intermediate, 
and  fertile  soil,  respectively,  106.7,  42.6,  and  28.7  per  cent. 
From  these  figures  it  is  apparent  that  increasing  the  fertility 
does  not  reduce  but  rather  greatly  increases  the  total  amount 
of  water  necessary  per  plant.  This  is  due  to  increased  plant 
growth.  The  reduction  in  water  requirement  per  pound  of 
dry  matter  is  due,  not  to  some  effect  of  a  denser  soil  solution 
upon  the  need  for  a  rapid  transpiration  rate,  but,  rather,  simply 
to  a  more  thrifty  and  vigorous  growth  of  the  plant,  resulting 
from  a  more  favorable  supply  of  food  materials.  It  appears 
tO'  be  more  a  matter  of  nutrition  than  of  transpiration. 

23 — The  average  water  requirement  per  pound  of  dry  matter 
of  two  varieties  of  corn  which  had  been  grown  for  many  years 
under  the  humid  conditions  of  New  York  was  approximately 
the  same  as  the  average  for  two  varieties  which  had  been  grown 
continuously  under  the  relatively  dry  conditions  of  western 
Nebraska. 

Table  I — Orchard  Management  Investigations 
(Data  under  Different  Systems  of  Soil  Management) 

Clean  Accumu- 

Culture  lative        Sod  for 

Cover  Straw        Several 

Crop  Mulch         Years 
Average  circumference  gains  of  trees  1911- 

1916,  cm 2S.5  25.9            IT. I 

Average  weight  per  leaf,  grams 1.18  1.49            l.OS 

Nitrogen  in  leaves,  per  cent 2.31  2.36            1.71 

Average  nitrate  content  of  soil  during  grow- 
ing season 57. 5<  47.0'          14.51 

Relative  wts.  water  in  soil  at  start  of  grow- 
ing season,  lbs 11.40=  11.56=         11.86' 

Relative  wts.  of  water  in  soil  at  height  of 

growing  season,  lbs 8.45=  11.27=          3.78^ 

Change  in  relative  wts.  of  water  in  soil,  lbs.           2.95=  0.29=          8.08= 

1  Parts  NO3  per  million  parts  of  dry  soil. 

2  Areas  of  surface  12  in.  by  12  in.  by  9  in.  in  depth. 

Kiesselbach's  field  work  was  largely  under  relatively 
dry  conditions  throughout  the  growing  season.  It  is  the 
writer's  observation  that  in  most  of  the  humid  regions  of  the 
United  States  periods  of  water  deficiency  are  relalively 
short;  therefore  the  decrease  in  relative  water  requirements 
of  variously  fertilized  plants  will  let  those  under  better  con- 
ditions go  tlirough  the  tlrought  on  an  accxmmlaUvc  water 
reserve.  Moisture  determinations  made  for  several  years 
in  the  orchard  reported  on  in  Table  I  show  that  variations 
in  moisture  were  not  accounted  for  by  relative  differences 
in  the  water  absorbing  and  evaporating  powders  of  the  soils 
of  the  different  plots.  Ample  water  was  always  present 
during  drought  periods  on  those  plots  where  increased  fer- 

'  Letter  to  the  author. 

<  Nebraska  Agr.  Expt.  .Sta.,  Research   BuUelin  6,   15 
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tility  was  shown  by  leaf  weight,  nitrogen  content  of  leaves, 
and  relatively  higher  growth  characteristics. 

On  the  basis  of  these  facts  and  certain  other  observations, 
the  writer  considered  that  soils  of  humid  regions  contain 
ample  moisture,  under  aD  systems  of  treatment,  at  the  start 
of  the  growing  season.  The  moisture  differences  at  the 
height  of  the  season  were  so  large  when  different  plots  were 
compared  (during  so-called  drought  periods)  that  the  con- 
clusions drawn  in  the  introductory  paragraphs  seem  tenable. 

Greenhouse  Experiments 

Greenhouse  experiments  were  organized  on  the  basis 
of  this  field  work,  according  to  most  careful  and  approved 
methods,  with  variations  in  fertilization,  to  see  if  the  use 
of  water  by  plants  bears  any  direct  relation  to  plant  com- 
position. The  moisture  content  of  the  soil  was  kept  uniform 
in  all  cases  and  the  cultural  pots  were  so  rotated  that  dif- 
ferences of  light  and  other  factors  of  the  greenhouse  would 
be  overcome.* 

Table  II — VAiUATiONS  in  Water  Requirements  and  Plant  Composition 

Due  to  Different  Fertilizer  Treatments  of  Capsicum  Annuum 

Abbrevialum 

Two  Ap-     Three  Applications 
One  Appli-  plications      of  Limestone  and 
cation  of    of  Lime-  Pliospiiorus  Nitrogen 
Check^  Limestone     stone  Fert.  Fert. 

Water     requirement     per 

unit  dry  matter 1785  1415  1402  1323  1215 

Height  of  plants  at  ma- 
turity, cm 25.3         24.2  26.9  29.4  34.5 

Wt.  of  peppers  harvested, 

grams 160  182  212  258  418 

Dry  weight  of  four  plants, 

grams 43.1         42.7  43.8  51.8  80.5 

Nitrogen    in    plants,    per 

cent 1.33         1.30  1.30  1.32  1.53 

Ash  of  plants,  per  cent...   7.12         7,00  7.08  6.53  5.79 

1  Soil  was  Sioux  silt  loam  taken  from  the    experimental  field  at  the 
Indiana  Agricultural  Experiment  Station. 

Table  II  shows  a  decrease  in  water  requirement  due  to 
fertilization,  which  varies  inversely  as  the  weight  of  peppers 
produced  and  as  the  dry  weight  of  the  plants  themselves. 
The  per  cent  of  nitrogen  in  the  plants  bears  an  inverse  re- 
lation to  the  water  requirement  and  a  direct  relation  to 
the  per  cent  ash.    These  experiments  are  taken  as  proof 

*  Bolan.  Gas.,  66  (1918),  364. 


that  the  water  requirement  of  a  plant  is  decreased  by 
fertilization  when  the  plant  is  grown  on  a  soil  which  re- 
sponds to  fertilization. 

Table  III — Variation  in  Water  Requirements  and  Plant  Compo- 
sition Due  to  Different  Fertilizer  Treatments  of  Head  Lettuce 

5  Ton 
Dry 
5  Ton  10  Ton      Dou-  Manure 

Dry  Ma-  Dry  Ma-    ble        and 

Check'     nure»     NPK»    nure       NPK     NPK 
Water      requirement       per 

plant  as  harvested 37.9       24.3       21.9       22.3       16.0       16.1 

Green  weight,  grams 20.7       34.1       66.4       57.5     115.5       80.3 

Moisture  content  of  plants, 

percent   87.9       89.8       92.1       91.8       92.3       93.1 

Nitrogen   in  tops  of  plants, 

percent 1.48       1.75       2.21       2.08       2.44       2.58 

Nitrogen  in  roots  of  plants, 

percent      0.87       0.84       0.93       0.81       0.96       1.07 

Phosphorus  in  ash  of  plants 

(tops),  per  cent 0.25       0.36       0.40      0.36       0,67       0.69 

Calcium     in    ash   of    plants 

(tops),  per  cent 1.84       2.74       3.06       1.96       2.81       2.08 

^  An  open  sandy  soil  was  used. 

-  Well  rotted  horse  manure  containing  65  per  cent  moisture  used. 
'NPK  from  dried  blood,  banner  bone,  and  muriate  of  potash  in  quanti- 
ties of  each  element  equal  to  one-third  the  nitrogen  in  5-ton  dry  manure. 

The  data  given  in  Table  III  are  confirmatory  of  those 
presented  in  Table  II,  although  obtained  on  a  different  soil 
and  with  a  different  plant. 

Table  III  shows  that: 

1 — The  5-ton  manure  with  complete  fertilizer  has  decreased  the  units 
of  water  required  to  produce  one  part  of  green  weight  by  over  one-half. 

2 — The  weight  of  plants  grown  show  a  variation  of  nearly  400  per 
cent  based  on  the  check. 

3 — The  changes  in  water  requirement  through  a  study  of  moisture 
content  of  the  plants,  the  per  cent  nitrogen  in  tops,  the  per  cent  nitrogen 
in  roots,  the  phosphorus  content  of  plant  ash,  and  the  calcium  content  of 
plant  ash  are  evidence  that  plant  composition  and  water  requirement  bear 
8    relation. 

This  work  shows  the  fallacy  of  the  old  statement  that 
"fertilization  burns  out  the  soO." 

There  is  a  common  saying,  "Cultivate  to  conserve  soil 
moisture  and  you  will  have  larger  crops."  The  author 
believes  that  "cultivate  to  let  air  into  the  soO,  thereby 
increasing  bacterial  activities  which  in  turn  cause  the  plants 
to  get  more  plant  food  and  grow  larger  on  less  moisture," 
would  be  nearer  the  truth. 


Eastman  Pure  Organic  Chemicals 


The  lecture  by  C.  E.  K.  Mees  and  H.  T.  Clarke  on  "The 
Preparation  of  Synthetic  Organic  Chemicals  at  Rochester," 
which  was  delivered  at  the  Montreal  Meeting  of  the  Society  of 
Chemical  Industry  last  August,  is  being  distributed  in  pamphlet 
form  by  the  Eastman  Kodak  Company, 

After  discussing  the  war  crisis  which  necessitated  the  manu- 
facture in  this  country  of  pure  chemicals  for  use  in  research,  the 
authors  describe  in  interesting  detail  the  laboratories  of  the  East- 
man Company  which  are  devoted  to  this  work. 

Laboratories  and  equipment  differ  in  many  respects  from  the 
research  laboratory  and  from  the  industrial  laboratory.  On 
account  of  the  large  number  of  products  required  in  small 
amounts,  it  is  not  feasible  to  instal  large-scale  apparatus  suit- 
able for  one  process  only.  On  the  other  hand,  operating  on  the 
laboratory  scale  is  very  expensive.  The  problem  is,  therefore, 
to  operate  with  apparatus  applicable  to  as  many  processes  as 
possible,  and  to  work  on  as  large  a  scale  as  this  limitation  permits. 

As  an  example  of  the  modifications,  the  cement  floors  are 
boimded  by  open  gutters,  while  supply  pipes  for  water,  gas, 
compressed  air,  vacuum,  steam,  and  electricity  run  along  the 
walls.  A  great  deal  of  work  can  thus  be  carried  out  on  the 
floors,  with  economy  of  space  and  other  advantages.  The 
accompanying  photograph  illustrates  such  a  set-up  for  fractional 
distillation. 

The  pamphlet  is  abundantly  illustrated  with  photographs  of 
modified  laboratory  equipment. 


At  the  end  of  the  first  six  months  of  work  only  1365  chemicals 
were  listed  for  sale.  At  the  present  time,  11-14  chemicals  are 
listed,  of  which  700  have  been  prepared  or  purified  in  this  labora- 
tory. 
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The  Physiological  Principles  Governing  Ventilation    When 
the  Air  Is  Contaminated  with  Carbon  Monoxide" 

By  Yandell  Henderson  and  Howard  W.  Haggard 
Laboratory  of  Applied  Physiology,  Yale  University,  New  Haven,  Conn. 


VITIATION  of  the  atmosphere  by  the  products  of  com- 
bustion and  especially  of  incomplete  combustion  is 
recognized  as  one  of  the  most  important  industrial 
conditions  afltecting  health.  Progress  in  this  field  has,  however, 
dealt  chiefly  with  the  effects  of  high  concentration  of  the  gases 
concerned;  that  is,  with  conditions  verging  on  asphyxia.  Thus 
the  investigations  carried  out  heretofore  for  the  United  States 
.  Bureau  of  Mines  have  had  chiefly  in  view  estimations  of  such 
conditions  as  the  amount  of  exhaust  gas  from  traction  engines 
which  would  be  distinctly  dangerous  to  coal  miners,  and  the 
concentration  of  carbon  monoxide  which,  after  an  explosion, 
would  incapacitate  the  men  from  escaping.  But  in  regard  to  the 
effects  of  small  amounts  of  carbon  monoxide  and  related  gases, 
and  the  dependence  of  these  effects,  especially  decrease  of  mental 
and  physical  efficiency,  upon  duration  of  exposure,  there  have 
not  been  collected  data  upon  which  definite  standards  could  be 
based. 

The  plan  to  construct  tunnels  under  the  Hudson  River  be- 
tween New  York  and  Jersey  City  for  the  use  principally  of 
motor  vehicles  has  therefore  raised  several  problems  which  have 
previously  never  been  extensively  investigated.  Whereas  the 
conditions  in  coal  mines  and  about  gas  producer  plants  apply 
only  to  healthy  men,  the  conditions  which  will  prevail  in  the 
turmel  under  the  Hudson  River  will  affect  the  general  public, 
not  only  healthy  adults  but  children  and  even  invalids.  The 
amount  of  traffic  is  likely  to  be  large,  even  from  the  beginning, 
and  is  likely  to  increase  in  a  few  years  to  the  maximum  capacity 
of  the  roadway.  The  total  amount  of  exhaust  gas  discharged 
from  passenger  cars  and  trucks  will  therefore  be  considerable. 
The  distance  between  the  ventilating  shafts  at  the  pier  heads  on 
the  two  sides  of  the  river  will  be  somewhat  more  than  3300  feet^ 
a  distance  greater  than  in  any  existing  turmel  used  by  motor 
vehicles — and  the  total  length  of  the  tunnel  about  8500  feet 
between  portals.  The  ventilation  must,  therefore,  be  ample  to 
prevent  not  only  danger,  but  even  slight  discomfort,  and  must 
be  managed  in  such  a  fashion  as  to  avoid  excessive  wind  veloci- 
ties. The  cost  of  installing  ventilating  fans  will,  in  any  case, 
be  an  appreciable  item  in  the  initial  construction,  and  the  main- 
tenance of  artificial  ventilation  during  the  operation  of  the 
tunnel  is  likely  to  be  one  of  the  largest  single  items  of  continuing 
expense. 

Accordingly,  the  commissions  of  the  states  of  New  York  and 
New  Jersey  through  their  Chief  Engineer,  Mr.  Clifford  M.  Hol- 
land, contracted  with  the  Bureau  of  Mines  to  undertake  on  their 
behalf  the  investigation  of  these  basic  problems: 

1 — The  amount  and  character  of  the  exhaust  gas  produced  by  various 
types  and  sizes  of  passenger  cars  and  trucks. 

2 — The  nature  of  the  toxic  substances  in  exhaust  gas,  and  their  allowable 
concentration — that  is,  the  extent  to  which  the  gas  must  be  diluted  with 
air  to  become  practically  harmless.  ^ 

3 — The  movements  of  air  in  ducts. 


■  Received  December  24,  1921. 

'  An  abbreviation  of  a  report  to  the  Chief  iCngineer  of  the  New  York 
and  New  Jersey  Tunnel  Commissions.  State  of  New  York  1921,  Legislative 
Document  64,  Published  here  by  permission  of  the  Director  of  the  U.  S. 
Bureau  of  Mines  and  of  the  Chief  Kngineer  of  the  Tunnel  Commissions. 
For  a  more  extended  discussion  of  features  of  hygienic  importance,  see 
Henderson,  Haggard,  Teague,  Prince,  and  Wunderlich,  J.  Ind.  Hgy.,  8 
<1921),  79,  137. 


4 — A  synthesis  of  all  these  and  related  matters  on  a  practical  working 
scale  in  a  vehicular  tunnel  constructed  for  this  purpose  in  the  experimental 
coal  mine  of  the  Bureau  of  Mines  near  Pittsburgh. 

The  results  of  these  investigations  will  together  afford  the  data 
upon  which  plans  and  designs  for  the  ventilation  of  the  tunnet 
may  be  intelligently  based. 

Problem  1  was  placed  in  charge  of  Mr.  A.  C.  Fieldner,'^'* 
supervising  chemist  of  the  Bureau  of  Mines  Experiment  Station, 
Pittsbiu-gh.  Problem  2,  of  which  the  results  are  here  to  be  sum- 
marized, was  assigned  to  Professor  Yandell  Henderson  of  Yale 
University,  consulting  physiologist  of  the  Bureau  of  Mines. 
The  work  was  carried  out  with  the  collaboration  of  Howard  W. 
Haggard,  A.  L.  Prince,  M.  C.  Teague,  and  R.  M.  Wunderlich 
in  the  Physiological  Laboratory  at  Yale  University.  Problem 
3  was  investigated  by  Professor  A.  C.  Willard  of  the  University 
of  Illinois.  Problem  4  was  supervised  by  Mr.  A.  C.  Fieldner 
with  the  advice  and  collaboration  of  all  concerned. 

Fundamental  Considerations 

Although  carbon  monoxide  is  the  cause  of  more  deaths  than 
the  total  due  to  all  other  gases,  apart  from  a  single  reaction  it 
is  a  physiologically  inert  and  nonpoisonous  substance.  This 
reaction  is  its  combination  with  hemoglobin,  the  red  coloring 
matter  and  oxygen-carrying  element  of  the  blood.  •  To  whatever 
extent  hemoglobin  is  so  combined,  it  is  rendered  incapable  of 
transporting  oxygen  from  the  lungs  to  the  tissues  and  organs  of 
the  body,  until  the  carbon  monoxide  is  again  displaced.  It  is 
highly  probable  that  all  of  the  results  of  inhalation  of  carbon 
monoxide  are  due  directly  or  indirectly  to  oxygen  deficiency. 
Even  when  other  toxic  substances  are  present — as  in  smoke,  in 
fumes  from  explosives,  and  in  other  incomplete  combustions — 
carbon  monoxide  is  usually  the  chief  cause  of  injury  or  death. 
It  acts  wholly  through  asphyxia. 

The  body  of  an  adult  man  of  average  weight  contains  enough 
hemoglobin  to  hold  about  600  cc.  of  oxygen.  If  completely 
saturated,  it  would  hold  the  same  amount  of  carbon  monoxide, 
one  molecule  of  carbon  monoxide  replacing  one  molecule  of 
oxygen  in  the  blood.  The  absorption  of  6  cc.  of  carbon  monoxide 
from  the  lungs  produces,  then,  1  per  cent  of  satiu-ation  and 
abolishes  1  per  cent  of  the  oxygen  capacity. 

The  unit  in  which  various  concentrations  of  carbon  mon- 
oxide are  commonly  measured  and  expressed  for  purposes  of 
ventilation  is  one  "part,"  or  a  certain  number  of  "parts"  of  this 
gas  mixed  with  10,000  times  as  much  air.  A  "part"  is  a  hun- 
dredth of  1  per  cent  of  an  atmosphere.  A  man  at  rest  breathes 
about  8000  cc.  of  air  per  minute,  of  which  about  6000  cc.  reach 
his  lungs,  or  60  liters  in  10  minutes.  Let  us  suppose  that  this 
air  contains  one  part  of  carbon  monoxide,  or  6  cc.  in  60  liters, 
and  that  all  of  this  6  cc.  is  absorbed.  The  blood  would  then 
become  saturated  at  the  rate  of  1  per  cent  every  10  minutes  per 
"part"  of  carbon  monoxide  in  the  air.  Evidently  the  duration 
of  exposure  is  a  limiting  factor  in  the  amount  absorbed,  for  one 
cannot  absorb  more  than  one  inhales. 

It  appears  that  when  a  man  begins  breathing  any  low  con- 
centration of  carbon  monoxide  mixed  with  air,  absorption  at 
very  nearly  this  rate  does  occur,  but  only  at  first.  Then  tlie 
rate  becomes  slower.  Even  if  the  exposure  is  prolonged,  carbon 
monoxide  merely  displaces  oxygen  from  the  blood  up  to  a  point 
*  Numbers  in  text  refer  to  Bibliography. 
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of  equilibrium  depending  upon  the  relative  amounts,  or  mass 
actions,  of  carbon  monoxide  and  oxygen  in  the  air  breathed  and 
the  intensity  of  the  affinities  of  the  two  gases  for  hemoglobin. 
If  thereafter  the  pressure  of  oxygen  is  high  enough  and  that  of 
carbon  monoxide  is  low,  or  absent  as  in  pure  air,  oxygen  can 
likewise  displace  carbon  monoxide  and  thus  completely  restore 
the  oxygen-carrying  power  of  the  hemoglobin.  The  blood  is 
neither  directly  changed  nor  injured  by  the  process. 
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Fig.  1 — Final  or  Equilibrium  Distribution  of  Hemoglobin  between 
Carbon  Monoxide  and  Oxygen  When  Various  Low  Concen- 
trations OF  Carbon  Monoxide  in  Air  Are  Inhaled  for 
AN  Indefinitely  Long  Time.     (After  Haldane) 

Hemoglobin  attracts  carbon  monoxide  about  300  times  as 
strongly  as  it  does  oxygen.  Thus,  if  P02  and  Pco  are  the 
pressures  of  oxygen  and  carbon  monoxide,  and  Hbo.  and  Hbco 
the  amounts  of  oxyhemoglobin  and  carbon  monoxide  hemoglobin 
in  the  blood,  the  relations  are  expressed  by  the  formula : 

Pp.         ^    Hbo, 
Pco  X  300         Hbco' 


percentage  Hbco   = 


Pco  X  300 
P02  +  (Pco  X  300)' 


or  more  specifically,  if  there  are  1500  parts  of  oxygen  and  2  of 

carbon  monoxide,  the  formula  works  out  to: 

2  X  300 

=  28.5  per  cent  saturation  with   carbon 

1500    +   (2   X  300) 

monoxide. 

The  air  in  the  lungs  contains  about  1500  parts  of  oxygen  in 
10,000.  (It  is  actually  somewhat  less  than  15  per  cent  of  oxygen. 
The  affinity  of  hemoglobin  for  carbon  monoxide  may  also  be 
less,  or  more,  than  300.  We  are  here  using  round  numbers 
merely  to  illustrate  the  principle  without  attempting  mathemati- 
cal precision.)  We  may  calculate  the  blood  equilibrium  for 
any  concentration  of  carbon  monoxide  in  the  air,  and  from  such 
data  we  may  obtain  the  carbon  monoxide  dissociation  curve  of 
the  blood  (as  shown  in  Fig.  1 — an  expression  of  the  fundamen- 
tal relations  established  by  the  investigations  of  J.  S.  Hal- 
dane).^''''^'O''* 

This  curve  indicates  that,  if  air  containing  2  parts  of  carbon 
monoxide  in  10,000  is  breathed  for  a  time  long  enough  to  attain 
equilibrium,  the  blood  should  become  about  28  per  cent  satu- 
rated; with  4  parts,  44  per  cent;  with  -6  parts,  54  per  cent; 
and  so  on.  In  the  curve  it  is  to  be  seen  that,  for  instance, 
the  equilibrium  value  for  10  parts  of  carbon  monoxide  in 
10,000  of  air  is  66.6  per  cent  saturation,  which  is  a  sufficient 
degree  of  saturation  to  render  a  man  unconscious  and  totally 
helpless.  If  continued,  the  asphyxia  might  lead  to  serious 
permanent  injury  or  even  death. 

The  question  of  greatest  practical  importance  is;  How  long 
a  time  would  be  required  to  attain  this  or  any  other  definite  per- 


centage of  saturation?  In  other  words,  what  is  the  physiological 
law  defining  the  rate  of  absorption  of  carbon  monoxide  into  the 
blood?  From  the  simple  calculation,  given  previously,  re- 
garding the  oxygen  capacity  of  the  body  and  the  volume  of  air 
drawn  into  the  lungs,  it  appears  that  a  man  breathing  10  parts  of 
carbon  monoxide  would  inhale  enough  of  the  gas  to  become  66.6 
per  cent  saturated  in  66.6  minutes.  But,  as  already  indicated, 
the  more  carbon  monoxide  the  blood  contains,  the  greater 
becomes  the  force  with  which  this  gas  tends  to  diffuse  out  again 
into  the  air.  The  more  nearly  this  tendency  equals  and  counter- 
balances the  pressure  of  the  gaseous  carbon  monoxide  in  the 
lungs,  the  slower  the  absorption  of  more  carbon  monoxide  be- 
comes. Thus  to  attain  a  condition  of  complete  blood  equilib- 
rium many  hours  would  be  actually  required;  indeed,  the  time 
is  indeterminate.  Doubtless  other  factors  also  play  a  part  in 
retarding  and  stopping  absorption. 

It  appeared  to  us,  however,  that  a  definite  quantity  for  deter- 
mination would  be  the  time  required  for  attainment  of  percentage 
saturations  of  one-half  the  equilibrium  values.  Thus,  in  an  atmos- 
phere containing  2  parts  of  carbon  monoxide,  for  which  the  blood 
equilibrium  is  about  28  per  cent,  how  long  a  time  would  be  re- 
quired for  the  blood  to  become  14  per  cent  saturated?  How 
long  with  4  parts  and  an  equilibrium  value  of  44,  to  attain  22 
per  cent  saturation;  or  with  6  parts  and  an  equilibrium  of  54 
to  reach  27  per  cent?  The  answer  to  this  question  is  the  princi- 
pal practical  contribution  to  knowledge  which  we  have  to  make — 
namely,  that  the  time  for  attainment  of  half  equilibrium  for  persons 
sitting  at  rest  and  breathing  concentrations  of  carbon  monoxide  up 
to  7  parts  is  never  considerably  less  than  one  hour.  This  fact  is, 
we  believe,  of  fundamental  importance  for  ventilation  engineer- 
ing. We  have  established  it  purely  experimentally.  It  might 
easily  be  correlated  with  the  oxygen  consumption  and  the  carbon 
dioxide  elimination,  but  we  have  not  thought  this  to  be  of  prac- 
tical importance  to  the  immediate  object  of  this  report.  It 
does  not,  nor  does  it  aim  to,  express  what  the  average  person 
does  under  the  conditions,  for  many  of  our  subjects  fell  much 
below  this  rate  of  absorption.  None  exceeded  it.  The  value 
of  the  rule  is  that  it  expresses  the  worst  attainable,  or,  so  to 
speak,  the  "maximum  load." 

We  may  here  conveniently  consider  the  question,  often  raised, 
of  possible  extreme  individual  susceptibility.  Such  susceptibility 
might  conceivably  arise:  (1)  from  anemia,  that  is,  a  subnormal 
amount  of  hemoglobin;  (2)  from  an  unusual  avidity  of  the  indi- 
vidual's hemoglobin  for  carbon  monoxide;  (3)  from  unusual 
susceptibility  to  the  ill  effects  of  oxygen  deficiency;  or  (4)  from 
a  voltune  of  breathing  much  above  the  ordinary.  The  first  is 
unimportant  practically,  inasmuch  as  anemics  need  not  spend 
long  periods  in  ill-ventilated  garages,  nor  ride  through  tunnels 
on  slow  moving  trucks.  If,  however,  they  are  transported  at 
the  speed  of  a  passenger  car  or  an  ambulance  through  a  two- 
mile  tunnel  containing  the  average  concentration  of  carbon  mon- 
oxide here  to  be  proposed,  the  time  of  exposure  will  be  too  brief 
to  allow  an  absorption  sufficient  for  any  considerable  ill  effects. 
The  second  possibility  has  been  investigated  by  us,  but  has  not 
been  found  to  occur.  (Owing  to  their  highly  technical  and 
space-consuming  character,  these  studies  are  omitted  here, 
but  appear  in  the  full  report.) 

There  is  reason  to  believe  that  there  are  individual  differences 
in  the  degree  of  the  ill  effects  induced  by  considerable  oxygen 
deficiency.  Aviators  and  mountain  climbers  e.xhibit  such 
differences,  and  in  our  more  extreme  tests  headache  has  occiu-red 
in  some  persons  at  a  somewhat  lower  percentage  saturation  of 
the  blood  than  in  others.  We  have,  however,  found  no  one  who 
experienced  this  effect — the  first  sign  of  oxygen  deficiency — 
under  the  conditions  of  the  standards  we  shall  propose. 

The  volume  of  breathing  is  by  far  the  most  important  element 
in  the  rate  of  absorption  of  carbon  monoxide  and  thus  in  the 
individual  variations  in  the  ill  effects  of  inhalation  of  this  gas. 
In  general,  the  expired  air  of  a  healthy  man  contains  4  or  5  per 
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cent  of  an  atmosphere  less  oxygen  than  the  inspired  air,  and 
this  percentage  deficit  is  nearly  the  same  during  rest  with  a 
breathing  of  8  liters  and  under  physical  exertion  with  a  resjiira- 
tion  several  times  as  large.  In  other  words,  the  volume  of  breath- 
ing is  roughly  proportional  to  the  amount  of  the  oxidation  and 
energy  liberation  occurring  in  the  body.  In  our  observations, 
persons  of  vigorous  physique  and  large  breathing  rates  have  ab- 
sorbed carbon  monoxide  much  more  rapidly,  as  measured  in 
percentage  blood  saturation,  than  those  of  more  sedentary 
habit  and  delicate  physique.  As  the  standard  which  we  shall 
propose  is  one  adjusted  to  protect  even  the  strong,  it  will  there- 
fore afford  an  extra  safeguard  to  the  weak  and  sick,  who  breathe 
little  (except  in  febrile  cases)  and  who  would,  accordingly, 
absorb  carbon  monoxide  comparatively  slowly.  Only  in  the 
case  of  children,  whose  active  vitality  involves  a  relatively  large 
food  and  oxygen  consumption  and  a  corresponding  volume  of 
breathing,  will  this  rule  probably  not  hold.  But  even  for  the 
most  active  child,  a  period  of  exposure  of  only  10  or  15  minutes 
to  the  concentration  of  carbon  monoxide  here  approved  will 
not  be  long  enough  for  any  considerable  absorption  of  the  gas. 

The  particular  problem  before  us — that  of  a  standard  for  the 
ventilation  of  the  proposed  vehicular  tunnels  under  the  Hudson 
River — may,  therefore,  be  thus  simply  expressed:  What  per- 
centage saturations  of  the  blood  with  carbon  monoxide  cause 
appreciable  discomfort  in  healthy  men  sitting  at  rest,  and  what 
percentage  saturations  do  not?  The  answer  to  this  question, 
the  probable  duration  of  exposure  of  passengers  through  the 
tunnel,  and  the  law  of  carbon  monoxide  absorption  as  above 
stated,  are  the  three  considerations  on  which  any  sound  standard 
must  be  based. 

In  view  of  the  foregoing  discussion  it  is,  we  trust,  clear  that 
standards  of  concentrations,  which  will  adequately  protect  men 
exposed  for  the  greater  part  of  an  hour,  will  afford  an  enormous 
factor  of  safety  for  persons  inhaling  the  vitiated  air  for  only  10 
or  15  minutes.  We  are  informed  by  the  engineers  that  all  traffic 
through  the  tunnels  will  be  in  two  distinct  classes — namely, 
passenger  cars,  which  will  make  the  trip  in  10  or  12  minutes, 
and  trucks  which  may  take  as  long  as  35  or  40  minutes.  The 
standards  which  we  set  ourselves  to  work  out  are  such  as  will 
afford  not  only  absolute  safety  but  also  complete  freedom  from 
any  trace  of  discomfort  for  healthy  and  vigorous  adults  exposed 
for  periods  of  45  to  60  minutes. 

Experiments  on  Men  in  Six  Cubic  Meter  Chamber 

The  method  of  studying  the  effects  of  various  concentrations 
of  carbon  monoxide  upon  which  we  have  chiefly  relied  for  es- 
tablishing our  standard  is  illustrated  in  Fig.  2.  It  involves  a 
chamber  of  6.4  cubic  meters  (226  cubic  feet)  capacity,  the  walls 
and  door  of  which  are  covered  with  galvanized  sheet  iron  with 
soldered  joints.  The  door  is  easily  made  gastight  by  placing 
long  strips  of  broad  (2-inch)  adhesive  plaster  over  the  cracks 
along  lintel,  jambs,  and  sill.  The  chamber  holds  any  concen- 
tration of  gas  for  a  day  without  appreciable  loss  from  diffusion 
through  undiscovered  leaks.  A  small  hole  in  the  door,  covered 
by  a  piece  of  adhesive  plaster,  allows  the  hand  of  the  subject 
to  be  thrust  outside  for  the  withdrawal  of  blood. 

Into  this  chamber  are  introduced  measured  amounts  of  pure 
carbon  mcmoxide,  made  by  dripping  formic  acid  into  strong 
sulfuric  acid  and  distilling  it  l)y  gentle  heat  into  a  large  bottle 
filled  with  water,  which  the  gas  displaces.  The  concentration 
of  gas  desired  in  the  chamber  is  obtained  by  running  into  the 
bottle  640  cc.  of  water  per  part  of  carbon  monoxide  desired, 
and  thus  displacing  this  volume  of  gas  from  the  bottle  into  the 
chamber.  An  electric  fan  in  the  chamber  insures  immediate 
and  complete  mixing.  In  our  experiments,  two  checks  on  the 
concentration  of  gas  in  the  chamber  were  obtained:  (1)  By 
analysis  of  the  carbon  monoxide,  before  it  was  introduced,  by 
means  of  a  modified  Or.sat  apparatus,  and  ignition  with  an  elec- 


trically heated  platinum  spiral;  and  (2)  by  analysis  of  a  mixed 
sample  of  the  air  from  the  chamber  by  the  iodine  pentoxide 
method,  or  by  means  of  diluted  blood.  (For  a  description  of 
these  analytical  methods,  see  bibliographical  references  1,  2,  3.) 
In  this  chamber,  in  turn,  the  members  of  the  staff  of  this  in- 
vestigation and  a  few  other  persons  spent  periods  of  one  hour 
after  amounts  of  carbon  monoxide  from  2  to  8  parts,  and  in  one 
case,  10  parts,  had  been  introduced.  While  the  subjects  sat  and 
read  most  of  the  time,  there  were  a  sufficient  number  of  acts — 
such  as  turning  on  the  electric  fan,  standing  up  to  look  out  of 
the  window  for  a  moment,  opening  and  closing  flasks  to  take 
air  samples  for  later  analysis,  etc. — to  correspond  fairly  well 
with  the  activity  of  the  driver  of  a  ear.  When  we  speak  of  the 
absorption  of  carbon  monoxide  by  a  person  "sitting  at  rest," 
the  condition  must,  therefore,  be  understood  as  only  such  mod- 
erate rest  as  this. 


INFfPIOR   or  ClAMfllR 


Fig.  2 — Six  Cubic  Meter  Chamber  and  Apparatus  for  Introducing 

Measured  Amounts  op  Carbon  Monoxide 

Blood,  to  the  amount  of  twenty  or  thirty  drops,  was  drawn 
from  a  finger  before  the  subject  entered  the  chamber;  and  0.02 
cc.  was  drawn  at  the  middle  of  the  period  and  at  the  end,  and 
usually  once-  or  twice  during  the  next  3  hours.  These  blood 
samples  were  analyzed  for  carbon  monoxide  by  the  carmine 
titration  method.^ 

After  the  subject  had  been  out  of  the  chamber  for  a  few  min- 
utes, the  tension  of  carbon  monoxide  in  his  lungs,  supposedly 
in  equilibrium  with  the  blood,  was  determined  by  breathing 
back  and  forth  several  times,  during  20  to  30  seconds  into  a 
rubber  bag.  Football,  or  basket  ball,  "bladders"  were  used 
for  this  purpose.  (A  series  of  check  determinations  on  four 
sul)jects  showed  that  the  maximum  concentration  of  carbon 
monoxide  from  these  bags  was  reached  in  five  rebreathings  dur- 
ing 30  seconds.)  This  air  was  then  analyzed  for  carbon  mon- 
oxide by  the  iodine  pentoxide  method,  or  the  blood  carmine 
method.  The  subject's  volume  of  resting  breathing  was  de- 
termined either  in  Or  outside  of  the  chamber  by  means  of  a 
mouth-piece,  nose  clip,  double  valves,  Douglas  bag,  or  gas 
meter;   and  the  volume  per  minute  was  calculated. 

In  some  experiments  the  respiration  was  increased  by  exercise, 
and  the  increase  was  mea.surcd  and  correlated  with  the  corre- 
siHmdingly  greater  ab.sorption  of  carbon  monoxide.  In  these 
experiments  the  subjects  did  "stationary"  walking  or  running 
in  the  chamber  by  lifting  the  feet  and  stamping.     The  exertion 
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involved  is  considerable,  but  with  care  it  can  be  kept  quite 
uniform  for  half  an  hour  at  a  time.  The  pulse  was  counted  in 
the  chamber,  and  before  and  after  the  test.  The  effects  on  the 
pulse  and  respiration  of  running  up  and  down  four  flights  of 
stairs,  each  12  feet  vertically,  were  also  determined  before  and 
after  the  period  in  the  chamber. 

In  a  few  cases  the  retinal  fields  were  determined  and  plotted. 
With  the  degrees  of  anoxemia  occurring  in  these  experiments, 
however,  the  effects  on  vision  in  this  respect  were  unimportant. 
The  Romberg  test,  the  ability  to  stand  erect  with  eyes  closed 
without  wavering,  was  also  used.  In  some  cases  after  an  hour 
in  eight  parts  of  carbon  monoxide,  it  showed  marked  loss  of 
equilibriiun. 

But  of  all  signs  and  tests,  both  in  the  experiments  in  the 
small  chamber  here  under  discussion  and  in  those  that  are  to 
be  described  in  the  next  section,  the  typical  carbon  monoxide, 
or  oxygen  deficiency,  headache  proved  most  definite  and  reliable. 
It  is  a  distinctly  localized  pain,  usually  frontal,  throbbing,  in- 
tensified by  lying  down  or  by  exertion.  It  is  sometimes  ac- 
companied by  more  or  less  nausea,  readily  increasing  to  vomit- 
ing. The  mind  is  not  clear,  except  with  an  effort,  and  one's 
surroundings  seem  a  little  strange.  The  temper  is  easily  upset, 
very  much  as  in  alcoholic  intoxication,  and  the  judgment  is 
likely  to  be  bad.  There  are  wide  variations  in  the  degree  of  this 
headache,  but  in  the  experiments  discussed  in  this  section  it 
was  never  extreme.  On  the  border  line  it  verged  merely  into 
slight  lassitude.  As  a  criterion  of  the  effect  of  carbon  mon- 
oxide, however,  it  is  more  distinct  than  any  artificial  test.  Con- 
centrations of  gas  too  weak  and  periods  of  exposure  too  short  to 
induce  this  sign  in  anyone  may  be  considered  entirely  harmless. 

From  Table  I,  in  which  the  data  of  thirty-two  experiments 
performed  in  .this  way  on  nine  men  and  one  woman  are  sum- 
marized, it  appears  that  no  one  had  an  appreciable  degree  of  head- 

Table  I — Sdmmarizing  Experiments  on  Men  in  Six  Cubic  Meter 
Chamber 


of  breathing  absorbs  as  much  carbon  monoxide  in  half  an  hour 
as  he  does  at  rest  in  one  hour.  We  have  found  in  other  experi- 
ments, that  when  walking  fast  a  man  breathes  about  twice  as 
much  air  (with  a  corresponding  energy  expenditure  and  oxygen 
consumption)  as  when  sitting  still,  and  that  when  hurrying  or 


Number  of 
Exper- 
iments 

Parts  CO 
in  10.000  of 
Air  Breathed 

Corresponding 
Equilibrium             Observed 
Value  of  the          Saturation 

Blood   in  Per-       in   the    Blood 
centage               after   1   Hr. 
Saturation    Minimum     Maximum 

Headache 
and   Other 
Symptoms 

2 

3 

11 

2 
3 
i 

28 
37 
44 

11 
10 
14 

12 
14 
22 

None 
None 
None 

9 

6 

55 

18 

26 

(  None  in  7 
(  Slight  in  2 

4 
1 

8 
10 

62 

67 

26 
38 

32    Marked  in  aU  4 
Severe 

ache  after  a  period  of  I  hour  in  the  cJiamber  with  4  parts  of  carbon 
monoxide  or  less,  and  that  with  6  parts  the  effect,  if  any,  was 
usually  very  slight.  With  8  parts  there  was  decided  discomfort 
for  some  hours,  although  not  enough  to  interfere  with  efficient 
work  in  the  laboratory  or  at  the  desk.  After  an  hoiu-  in  10 
parts  even  an  unusually  resistant  subject  (Y.  H.)  was  decidedly 
miserable  and  averse  to  work  for  5  or  6  hours,  and  could  still 
recognize  the  effects  after  12  hours.  Examination  of  these 
data  enables  us  to  reach  a  working  rule  regarding  the  rate  of 
absorption  of  carbon  monoxide,  for  we  find  that  up  to  and  includ- 
ing concentrations  of  6  parts  of  carbon  mono-xide  in  10,000  of 
air  the  figures  in  Column  5  of  Table  I  do  not  exceed  values  of 
about  one-half  those  for  complete  equilibrium  given  in  Column 
3  and  drawn  from  Fig.  1. 

In  other  words,  dvuing  one  hour  sitting  at  rest  in  such  atmos- 
pheres, a  man's  blood  never  absorbs  appreciably  more  than  half 
the  amount  of  carbon  monoxide  which  it  would  take  up  if  he 
stayed  in  the  atmosphere  indefinitely.  Inactive  and  small 
breathing  persons  absorb  less.  At  concentrations  of  8  and  10 
parts  of  carbon  monoxide  the  figures  deviate  slightly  from 
this  rule,  but  the  rule  of  half  saturation  appears  to  be  safe  and 
convenient  up  to  7  parts.  From  the  experiments  in  which 
work  (stationary  walking)  was  performed  in  the  chamber  it 
appears  that  a  man  who  exercises  sufficiently  to  double  the  volume 


FtG.  3 — Apparatds  in  Large  Gassing  Chamber  for  Proddcino  Exhaust 
Gas  under  Conditions  Simulating  Those  m  a  VsracntAR  Tunnel 

doing  rather  heavy  manual  labor  he  breathes  about  three  times 
as  much,  and  under  exertion  even  more.  These  figures  may  be 
directly  applied  to  conditions  as  they  occur  in  regard  to  absorp- 
tion of  carbon  monoxide.  The  estimation  of  the  time  required 
for  half  equilibrium  must  be  shortened  accordingly. 

ELIMINATION  OP  CARBON  MONOXIDE — As  regards  the  elimina- 
tion of  carbon  monoxide  after  gassing,  our  data  show  that  the 
process  is  not  complete  until  one  or  two  hours,  or  even  longer, 
after  return  to  fresh  air.  Roughly,  the  rate  of  elimination  is  30 
to  50  per  cent  per  hour,  depending  doubtless  on  bodily  activity 
and  the  volume  of  fresh  air  breathed. 

Observations  in  Large  Gassing  Chamber 

The  experiments  above  described  involve  exact,  but  rather 
artificial  conditions.  Exhaust  gas  is  not  pure  carbon  monoxide 
and  the  number  of  persons  who  could  be  tested  in  the  6  cubic 
meter  chamber  was  quite  limited.  It  appeared  essential,  there- 
fore, to  obtain  confirmatory  observations  under  as  nearly  real 
conditions  and  on  as  many  persons  as  possible.  For  this  purpose 
a  brick  building,  30  feet  square,  with  walls  12  feet  high  at  the 
side,  and  a  hip  roof,  was  erected.  Its  cubic  capacity  was  approxi- 
mately 12,000  cubic  feet  of  air,  which  is  about  the  volume  of  a 
section  of  the  vehicular  timnel  which  will  contain  one  car  when 
the  traffic  is  active. 

A  Ford  car  was  installed  (as  shown  in  Fig.  3)  near  the  middle 
of  this  chamber,  with  a  continuous  stream  of  water  running  into 
and  out  of  its  radiator  to  prevent  overheating.  The  axles  were 
supported  on  a  wooden  framework  so  that  the  rear  wheels  ttu-ned 
clear  of  the  ground.  Against  them  were  pressed  two  large 
wooden  pulley  wheels  on  a  piece  of  heavy  shafting,  at  the  ends 
of  which  were  wooden  paddle  wheels.  The  engine  of  the  car, 
therefore,  ran  with  a  fair  load,  and  the  power  was  expended  in 
mi.xing  the  air  in  the  chamber.  The  paddle  wheels  did  this  so 
effectively  that  in  a  number  of  tests  practically  uniform  con- 
centrations of  e-xhaust  gas  were  found  simultaneouslj'  in  all  parts 
of  the  chamber. 

The  exhaust  of  the  car  was  connected  to  a  2-inch  iron  pipe  with 
a  T  and  two  valves.  From  one  valve  a  pipe  led  to  a  gas  meter, 
and  discharged  close  to  one  of  the  paddle  wheels,  which  drew  in 
and  distributed  the  gas.  The  pipe  from  the  other  valve  led 
outside  of  the  building.  Thus,  by  adjusting  the  valves,  all  or 
any  part  of  the  exhaust  gas  could  be  discharged  into  the  chamber, 
and  this  volume  read  on  the  meter.  Samples  of  the  exhaust  gas 
unmixed  with  air  were  analyzed  for  carbon  monoxide  in  an 
Orsat  apparatus,  with  ammoniacal  cuprous  chloride  as  the 
absorbent.  The  percentage  ranged  between  5.5  and  6.8  per  cent 
with  an  average  of  about  6  per  cent.     The  engine  discharged  a 
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total  of  about  25  cubic  feet  of  exhaust  gas  per  minute,  from  which 
we  calculated  that  approximately  1.5  cubic  feet  of  carbon  mon- 
oxide were  produced  by  the  car  per  minute. 

Diffusion  from  the  chamber  through  the  walls  and  roof,  and 
through  cracks  around  the  doors  and  windows,  was  considerable. 
Whenever  the  engine  was  stopped,  there  was  thus  a  drop  of  about 
one-third  of  the  concentration  of  carbon  monoxide  in  15  minutes. 
Usually  the  entire  exhaust  of  the  engine  was  discharged  through 
the  meter  into  the  chamber  until  the  desired  concentration  of 
carbon  monoxide  was  approximately  reached.  Thereafter,  a 
part  of  the  gas  was  discharged  out  of  doors,  and  only  enough 
was  passed  into  the  chamber  through  the  meter  to  compensate 
for  loss  by  diffusion.  Samples  of  the  air  in  the  chambej  were 
taken  at  intervals  during  the  period  of  exposure,  and  the  amount 
of  carbon  monoxide  determined  either  by  means  of  iodine  pent- 
oxide  (with  a  correction  for  vaporized  gasoline)  or  by  the  blood 
carmine  method,  or  in  both  ways.  Some  discrepancies  occurred 
in  the  analytical  data,  but  it  must  be  kept  in  mind  that  the 
methods  were  difficult  and  the  amounts  of  the  substance  were 
minute  far  beyond  the  range  of  ordinary  gas  analysis. 

With  practice,  considerable  facility  in  controlling  the  concen- 
tration of  carbon  monoxide  in  the  chamber  was  attained.  The 
experimental  conditions  were  quite  realistic.  The  car  was  old 
and  had  had  rough  treatment,  and  the  engine  was  somewhat 
irregular  in  action.  The  exhaust  gas  was,  therefore,  contami- 
nated with  at  least  as  much  gasoline,  oil  and  soot,  and  other  sub- 
stances, in  addition  to  water  vapor,  carbon  monoxide,  and  carbon 
dioxide,  as  may  be  met  with  in  any  well-regulated  vehicular 
ttmnel.  Owing  to  the  fact  that  vaporized  gasoline  and  other 
constituents  of  exhaust  gas  beside  carbon  monoxide  act  upon 
iodine  pentoxide  (the  condensation  of  these  vapors  by  means  of 
liquid  air  had  not  then  been  worked  out),  the  figure  0.6  was 
determined  as  the  factor  by  which  it  was  necessary  to  multiply 
the  iodine  liberated  in  analysis  of  chamber  air  for  the  estimation 
of  the  carbon  monoxide. 

Two  Typical  Experiments  in  Large  Gassing  Chamber 

Protocol  1 

The  atmosphere  in  the  chamber  gave  on  analysis  4  parts  of  CO  in  10,000 
of  air  over  the  entire  period  of  1  hour.  Eight  subjects  were  exposed  to  this 
for  the  full  hour.  For  the  most  part  they  were  seated.  The  approximate 
percentage  saturation  of  the  blood  with  carbon  monoxide  (per  cent  HbCO) 
waslidetermined  indirectly  from  analysis  of  the  alveolar  air  from  the  lungs, 
obtained  by  breathing  back  and  forth  several  times  from  and  into  a  small 
rubber  bag. 


Per  cent 

Headache  and 

Subjects 

Sex 

HbCO 

Other  Symptoms 

C.  P. 

Male 

IS 

None 

E.  S. 

Male 

17 

None 

E.  W. 

Male 

21 

None 

M.  H. 

Female 

20 

None 

M.  B. 

Female 

20 

None 

E.  H. 

Male 

18 

None 

E.  L. 

Male 

17 

None 

M.  S. 

Male 

20 
PRorocoL  2 

None 

The  atmosphere  in  the  chamber  gave  on  analysis  an  average  of  9  parts 
of  CO|,in  10,000  of  air.  Seventeen  subjects  were  exposed  to  this  for  the 
full  hour.  For  the  most  part  they  were  actively  walking  about.  The 
percentage  saturation  of  the  blood  with  CO  was  estimated  as  in  the  previous 
protocol. 

Headache  and  Other  Symptoms 
(as   Reported   by  Subjects) 
Dizziness,  headache,  and  some  nausea 
Throbbing  headache,  general  lethargy  for  24 

hrs. 
Headache,  nausea,  and  chills 
Short  period  of  dizziness,  severe  headache  for 

9  hrs. 
Throbbing  headache  for  9  hrs. 
Severe  headache  for  6  hrs. 
Severe  headache,  vomited,  in  bed  5  hrs. 
Severe  headache  for  20  hrs. 
Severe  headache  for  5  hrs. 
Severe  headache  for  8  hrs. 
Nausea  and  severe  headache  for  7  hrs. 
Headache  for  S  hrs. 

Severe  headache  and  some  nausea  for  6  hr.s. 
Nausea  and  violent  headache  for  '18  hrs. 
Headache  for  several  hours 
Headache  and  some  nausea 
Severe  headache  and  vomiting 
Severe  headache  for  72  hrs. 


Sub- 

Per cent 

ject 

Sex 

HbCO 

E.  G. 

Male 

3.9 

A.  V. 

Male 

37 

A.  D. 

Male 

30 

J.  0. 

Male 

29 

I,.  P. 

Male 

27 

M,  O'C. 

Male 

37 

J.  F. 

Male 

3.5 

E.  W. 

Male 

35 

M.  G. 

Male 

35 

H.  F. 

Male 

29 

E.  T. 

Male 

33 

E.  S. 

Male 

28 

H.  B. 

Male 

30 

H.  L. 

Female 

30 

E.  W. 

Male 

27 

A.  W. 

Male 

28 

P.  S. 

Male 

30 

I.  S. 

Male 

28 

In  this  chamber  groups  of  a  dozen  or  more  persons  at  a  time 
sat  or  moved  about  for  periods  of  one  hour.  In  addition  to  the 
staff  of  this  investigation  a  number  of  students  of  the  Yale 
Medical  School  served  as  subjects.  We  take  this  opportimity  to 
recognize  the  intelligent  and  valuable  service  rendered  by  these 
young  men  and  women. 

After  the  tests  the  general  condition  and  feelings  of  the  sub- 
jects, particularly  the  occurrence  or  absence  of  headache,  were 
noted.  When  the  subjects  had  breathed  fresh  air  for  5  minutes 
after  leaving  the  chamber,  samples  of  lung  air,  obtained  by 
having  them  rebreathe  repeatedly  into  a  small  rubber  bag, 
were  analyzed  for  carbon  monoxide.  In  such  analyses  the 
gas  found  is  that  which  has  diffused  out  of  the  blood  into  the 
lung  air,  and  the  analytical  data  indicate,  therefore,  the  tension 
(partial  pressure)  of  the  carbon  monoxide  in  the  blood.  The 
effect  of  running  up  and  down  four  flights  of  stairs  was  also  noted, 
as  exercise  markedly  intensifies  asphyxial  symptoms.  We 
have  repeatedly  seen  fainting  induced  by  a  less  exertion  after 
one  hour  of  moderate  activity  in  10  parts  of  carbon  monoxide. 

Only  two  typical  protocols  of  these  tests  can  be  given  in  this 
abbreviation  of  our  report,  but  the  whole  of  the  data  may  be 
summarized  by  the  statement  that,  so  long  as  the  standard 
worked  out  in  the  previous  section  was  not  exceeded,  no  appreci- 
able ill  effects  were  induced  in  any  of  the  numerous  subjects. 
Above  this  standard,  however,  headache  resulted  in  nearly  all 
cases,  and  in  some  persons  nausea  and  vomiting  also  occurred. 

Confirmatory  Experiments 

Some  confirmatory  observations  were  also  made  in  public 
garages,  and  in  the  taxicab  stand  under  the  Grand  Central 
Railroad  Station,  New  York  City. 

EXPOSURE  OF  HORSES  TO  EXHAUST  GAS — A  few  observations 
were  made  on  two  U.  S.  Army  artillery  horses.  They  were  of  the 
Percheron  breed  and  weighed  between  1400  and  1800  potmds, 
one  bay  and  the  other  white.  We  are  greatly  indebted  to 
Colonel  R".  E.  D.  Hoyle,  Commanding  Officer,  Field  Artillery 
Unit,  R.  O.  T.  C,  stationed  at  Yale  University,  for  the  loan  of 
the  animals. 

The  car  was  taken  outside  of  the  tunnel  gassing  chamber  and 
the  exhaust  gas  piped  to  the  inside.  The  horses  were  not  hitched, 
but  were  allowed  to  move  about  freely  inside  the  chamber. 
In  each  experiment  a  blood  sample  was  drawn  from  the  ear  be- 
fore and  after  gassing.  The  results  obtained  corresponded  fairly 
closely  with  those  on  man. 

The  Rule  of  Half  Equilibrium  Value  in  One  Hour 

From  well-established  theory,  as  discussed  above,  and  from 
the  foregoing  experiments,  we  have  these  data: 

1 — A  curve  (Fig.  1),  which  expresses  the  equilibrium  relations  between 
the  partial  pressure  of  CO  in  air  and  the  percentage  saturation  of  the  hemo- 
globin of  blood  freely  exposed  to  such  air. 

2 — The  rule  that  one  hour  may  be  used  as  the  (minimum)  period  for  at- 
tainment of  one-half  the  equilibrium  degree  of  blood  saturation  for  a  person 
at  rest. 

3 — The  fact  that  this  period  varies  inversely  as  the  energy  expenditure 
and  corresponding  volume  of  air  breathed. 

4 — The  fact  that  for  an  exposure  of  one  hour,  IS  per  cent  saturation  of 
the  blood  does  not  produce  even  a  slight  heartache.  For  exposures  of 
several  hours,  we  have  adopted  for  various  reasons  12  per  cent  saturation 
(full  eciuilibrium  to  0  6  part  per  10,000  of  air)  as  the  figure  which  would 
produce  no  appreciable  decrease  of  comfort  or  eiSciency. 

These  data  are  combined  in  Fig.  4.  The  two  scales  at  the  left 
show  the  corresponding  values  for  CO  in  blood  and  CO  in  air, 
the  ordinates  and  abscissae,  respectively,  of  Fig.  1.  The  curves 
show  the  rate  at  which,  as  calculated  from  the  h;ilf  snturation 
rule,  the  blood  woulil  absorb  CO  when  a  man  at  rest  breathes 
atmospheres  of  this  gas  of  1  to  7  parts  in  10,000  of  air.  The 
time  element  is  indicated  below  the  abscissa  in  three  scales 
according  as  the  subject  is  sitting,  walking,  or  working  moderately. 
Horizontal  dotted  lines  have  been  drawn  at  the  levels  of  freedom 
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from  discomfort  for  exposures  of  one  hour,  and  for  exposures  of 
several  hours. 
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Fig.  4 — Curves  Showing   Maximum   Rate  of  .Absorption  of  Carbon 

Monoxide  by  the  Blood  in  Persons  Exposed  to  Concentrations 

UP  TO  Seven  Parts  of  Carbon  Monoxide  in   10,000  of  Air, 

for  Periods  up  to   1    Hour,  during  Rest  (Sitting),  and 

FOR  Shorter  Periods  of  Walking  and  Working.     For 

Discussion  See  Text 

The  way  in  which  this  diagram  may  be  used  is  illustrated  in  Fig. 
5.  It  is  here  supposed  that  the  subject  walks  with  the  air  cur- 
rent for  .35  minutes  while  the  CO  increases  gradually  up  to  7 
■parts  per  10,000  of  air.  The  small  triangles  show  the  increments 
of  CO  absorbed  by  the  blood  each  in  5-minute  intervals,  and 
the  total  which  might  be  reached.  If  the  subject  were  sitting  at 
rest  in  a  car  the  triangles  would  be  correspondingly  smaller.  If 
he  were  working  hard  they  would  be  larger.  If  he  were  traveling 
against  the  air  current  the  absorption  and  triangles  would  be 
largest  at  first  and  then  progressively  smaller.  It  is  to  be 
noted  that  the  time  element  is  the  sum  of  all  the  bases  of  all  the 
triangles,  and  not  merely  the  abscissa  of  the  highest  concen 
tration  reached. 

It  is  evident  from  this  diagram  that  if  at  any  point  the  con- 
centration exceeds  6  parts  of  monoxide  in  10,000  of  air,  men 
doing  hard  work  for  even  a  short  time  will  be  unfavorably 
affected.  On  the  other  han.i,  the  curves  show  that  passengers 
in  cars  going  through  the  tunnel  in  10  or  15  minutes  vrill  absorb 
very  little  carbon  monoxide — a  factor  of  safety  which  is,  we 
believe,  sufficient  to  afford  ample  protection  for  children  and 
invalids.  The  slandard  which  we  propose  for  exposures  o/  4S 
minutes — 4  parts  in  10,000  or  its  equivalent  in  an  average  of 
concentrations  jrom  o  up  to  6  in  10,000 — affords,  in  the  light  of 
our  experiments,  not  only  complete  safety  but  also  an  assurance 
of  freedom  from  disagreeable  effects.  Risk  of  considerable  dis- 
comfort would  begin  at  8  to  10  parts  of  carbon  monoxide  in 
10,000  of  air  in  periods  of  one  hour  during  rest  and  for  shorter 
periods  during  exertion.  Actual  danger  would  begin  with  con- 
centrations not  very  much  higher  and  periods  not  very  much 
longer.  The  point  should  be  emphasized,  however,  that  we  are 
dealing  only  with  a  standard  of  chemical  purity  of  the  air. 
Other  features  of  tunnel  ventilation  as,  for  example,  wind 
velocity,  moisture,  temperature,  etc.,  are  not  included  in  the 
standard  here  defined,  nor  is  comfort  in  these  respects  assured 
by  it. 

The  whole  matter  may  be  even  more  simply  summed  up  in 
an  expression  involving  the  time  measured  in  hours,  the  con- 
centration of  carbon  monoxide  in  the  air  in  parts  in  10,000,  and 
a  constant  for  each  degree  of  physiological  effect.  The  phys- 
iological effects  of  all  concentrations  and  times  (within  reason- 
able limits,  that  is,  a  few  hours)  may  be  then  defined  as  follows: 

1 — Time  X  concentration  =  3,  no  perceptible  effect. 
2 — Time  X  concentration  =  6,  a  just  perceptible  effect. 
3 — Time  X  concentration  =  9.  tieadache  and  nausea. 
4 — Time  X  concentration  =  15.  dangerous. 


Physical  exertion  and  increased  breathing  would  reduce  the 
constant  in  the  first  equation  from  3  to  2,  or  1,  or  even  less,  and 
would  affect  the  other  equations  correspondingly. 

concord.ance  of  the  standard  here  proposed  with  the 
Observations  of  Other  Investigators 

The  standard  defined  in  Fig.  4  may  seem,  from  the  work  of 
others,  especially  that  of  Haldane,  unduly  high,  if  one  fixes 
attention  upon  the  concentration  of  carbon  monoxide  in  the 
air  breathed;  or  it  may  appear  unnecessarily  low,  if  stated  in 
terms  of  the  maximum  percentage  saturation,  i.  e.,  complete 
equilibrium  of  the  blood  and  the  corresponding  tension.  The 
work  of  Haldane  is  so  preeminent  in  this  field,  alike  in  amount, 
thoroughness,  and  practicality,  that  discordance  between  the 
conclusions  drawn  from  his  investigations  and  the  standard  here 
proposed  would  require  elaborate  explanation  and  defense.  In 
fact,  however,  we  believe  that  when  all  aspects  of  the  question 
are  taken  into  consideration,  our  observations,  and  conclusions, 
although  differing  in  detail,  are  essentially  concordant  with 
those  of  Haldane. ''°  Briefly  stated,  his  principal  conclusions 
were  as  follows: 

The  symptoms  caused  by  carbon  monoxide  depend  upon  the 
extent  to  which  the  hemoglobin  has  been  saturated.  The 
symptoms  are  due  solely  to  the  deficiency  of  the  oxygen  per- 
centage in  the  blood. 

When  air  containing  carbon  monoxide  is  breathed,  about 
half  of  the  carbon  monoxide  actually  inhaled  is  absorbed,  except 
toward  the  end  of  the  process  when  absorption  is  coming  to  a 
standstill. 

The  rate  of  absorption  and  time  required  for  symptoms  to 
appear  is  proportional  to  the  respirator>'  exchange  and  may  be 
very  much  shortened  by  the  increased  breathing  of  exercise. 

The  symptoms  do  not  become  appreciable  during  rest  until 
the  blood  is  about  a  third  saturated.  An  individual  in  this  con- 
dition suffers  from  palpitation  and  throbbing  in  the  head  and  is 
liable  to  become  faint  or  dizzy  on  any  exertion,  such  as  that  of 
ascending  stairs,  or  on  .sudden  exposure  to  cold  air. 

In  experiments  on  himself  Haldane'  found  that,  when  50  per 
cent  saturated,  he  could  scarcely  stand  and  could  not  walk  alone 
without  falling  down.  There  was  giddiness,  dullness  of  the 
senses,  distinct  shortness  of  breath,  and  labored  breathing.  In 
the  coiu-se  of  2  or  3  hours  after  leaving  the  contaminated  air  he 
found  that  nearly  all  of  the  carbon  monoxide  disappeared  from 
the  blood,  which  had  then  returned  to  its  normal  condition. 
Headache  lasting  for  some  hours  was  likely  to  ensue  from  the 
exposure  if  the  latter  were  sufficiently  long. 

In  reporting  on  the  conditions  which  should  be  maintained  in 
the  Underground  Metropolitan  Railways  of  Loudon,'  he  said: 

Roughly  speaking,  the  probable  action  on  a  healthy  person 
of  varying  percentages  of  carbon  monoxide  in  the  air  may  be 
stated  as  follows:  2.5  volumes  per  10.000  would  suffice  after  a 
sufficient  time  (after  an  hour  and  a  half  during  rest,  but  very 
much  less  during  even  slight  exertion)  to  cause  symptoms  just 
distinctly  appreciable  on  exertion.  Five  volumes  per  10,000 
would  cause  marked  dizziness  or  fainting  on  exertion,  9  volumes 
would  cause  inability  to  walk,  and  about  15  volumes  might 
produce  death.  *  *  *  *  Considering  the  enormous  number  of 
people  in  various  states  of  health  who  use  the  railway,  *  *  *  *  it 
seems  desirable  that  not  more  than  one  volume  per  10,000  of 
this  gas  should  be  present  in  the  air. 

To  these  statements  may  be  added  the  fact  that  Burrell'  foimd 
that  after  breathing  air  containing  25  parts  of  carbon  monoxide 
per  10,000  of  air  fo\  20  minutes  he  had  at  first  only  a  slight  head- 
ache, but  later  became  ill.  The  illness  lasted  for  several  hours 
and  was  accompanied  by  nausea  and  headache. 

Obviously  when  Haldane  recommended  a  standard  of  1  :  10,000 
he  had  in  mind  prolonged  exposure.  If,  however,  we  turn  to  the 
more  fundamental  physiological  conditions — namely,  that  of 
the  percentage  satvu-ation  of  the  blood — the  apparent  discrepancy 
between  his  recommendation  (1  :  10,000)  and  ours  (4  :  10,000) 
disappears.  Thus,  a  glance  at  Fig.  4  shows  that  50  minutes, 
a  much  longer  time  than  any  one  will  be  exposed  in  passing 
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through  the  Hudson  River  Tunnel,  in  an  atmosphere  containing 
4  parts  of  carbon  monoxide  in  10,000  could  induce  only  16  per 
cent  blood  saturation.  Now,  from  Fig.  1,  blood  which  is  16 
per  cent  saturated  would  be  in  full  equilibrium  with  about  1 
part  of  carbon  monoxide  in  10,000  of  air.  In  other  words,  a 
stay  of  many  hours  in  an  atmosphere  of  1  part  of  carbon  mon- 
oxide in  10,000  of  air  would  involve  the  same  percentage  satura- 
tion as  a  stay  of  50  minutes  in  4  parts  per  10,000.  Indeed,  as 
the  development  of  symptoms  from  carbon  monoxide  is  wholly 
a  question  of  oxygen  deprivation,  it  is  safe  to  assert  that  even 
a  somewhat  greater  saturation  of  the  blood  lasting  for  only  a 
short  period  would  involve  less  physiological  ill  effect  than  a 
prolonged  period,  involving  nearly  full  equilibrium,  in  1  part  per 
10,000  of  air. 

Finally,  we  may  here  quote  from  a  letter  received  from  Dr. 
Haldane,  which  was  in  answer  to  a  letter  from  us  stating  the 
general  trend  of  our  observations  and  findings,  and  in  which 
Dr.  Haldane  says: 

In  the  report  on  the  Underground  Railway  the  chemical  stand- 
ard which  I  recommended  if  steam  traction  was  continued  was 
0.15  per  cent  of  carbon  dioxide,  and  I  pointed  out  that  this 
would  contain  about  0.01  per  cent  carbon  monoxide.  But  the 
standard  was  not  based  primarily  on  the  carbon  monoxide,  but 
on  the  general  unpleasantness  of  the  air.  There  was  no  definite 
e^'idence  of  people  being  upset  by  the  carbon  monoxide,  though 
there  was  often  0.03  to  0.05  per  cent  at  certain  parts  of  the  tun- 
nel and  stations;  and  I  even  found  0.066  per  cent  of  carbon 
monoxide  (with  0.89  per  cent  of  carbon  dioxide)  on  the  platform 
of  Gower  Street  Station  (near  University  College).  Passengers 
were  never  exposed  long  enough  for  ill  etTect  and  the  men  at  the 
stations  were  probably  more  or  less  acclimatized.*  *  *  * 

What  I  should  now  say  is  that  with  long  exposures  of  several 
hours  anything  more  than  0.02  per  cent  should  be  avoided. 
For  exposures  of  less  than  an  hour  0.05  per  cent  would  not  be 
really  objectionable.  As  regards  gases  from  motors,  however, 
the  smoke  and  smell  might  possibly  be  worse  than  the  carbon 
monoxide.  On  this  point  I  have  no  experience,  though  I  have 
run  across  cases  of  poisoning  where  there  does  not  seem  to  have 
been  much  smoke  or  smell. 

You  will  probably  see  from  the  above  that  my  ideas  about 
carbon  monoxide  coincide  very  closely  with  what  your  experi- 
ments point  to.*  *  * 

Comparative  Toxicity  or  Pure  Carbon  Monoxide,  Illumi- 
nating Gas,  Exhaust  Gas  from  Gasoline,  Exhaust  Gas 
from  Coal  Distillate,  and  Gasoline  Vapor 

The  general  agreement  between  the  experiments  with  pure 
carbon  monoxide  mixed  with  air  in  the  small  chamber  and  the 
results  with  exhaust  gas  in  the  large  chamber  indicates  strongly 
that  in  the  concentrations  occurring  in  the  latter  (and  thus  in 
any  garage  or  tunnel)  carbon  monoxide  may  be  taken  as  the 
only  substance  of  sufficient  toxicity,  and  present  in  sufficient 
amount,  to  have  any  considerable  physiological  effect.  All  of 
the  data  in  both  of  these  series  of  experiments  were,  however, 
based  upon  low  concentrations  of  the  gas  and  the  deductions 
from  them  might  not  apply  equally  to  high  and  lethal  concen- 
trations. 

We  have,  therefore,  thought  it  well  to  check  these  results  by 
means  of  observations  on  animals  in  high  concentrations  of  gas. 
For  this  purpose  dogs  were  used.  The  animal  in  each  case  was 
placed  in  a  cube-shaped  plate  glass  chamber  measuring  about 
3  feet  on  a  side.  The  gas  to  be  tested  was  mixed  with  air  in  a 
gasometer  of  several  hundred  liters  capacity,  so  that  the  carbon 
monoxide  concentration  was  about  0.3  to  0.4  per  cent,  or  30  to 
40  parts  in  10,000.  From  the  gasometer  the  gas  mixture  was 
passed  into  the  chamber  through  a  tube  by  a  small  electrically 
driven  air  blower.  Another  tulie  from  the  chamber  led  outdoors. 
Usually  the  gas  was  run  in  at  such  a  rate  that  the  animal  was  at 
the  point  of  death  in  30  to  .35  minutes.  The  animal  was  then 
removed  from  the  chamber  and  a  sample  of  blood  was  drawn, 
and  analyzed  by  the  carmine  titration  method. 

experiments  with  pure  carhon  monoxide  mixed  with 
air — In  this  atmosphere  the  animals  became  unconscious  with 


no  more  apparent  discomfort  than  if  anesthetized  with  ether. 
The  blood  of  five  dogs  at  the  point  of  death  contained  the  follow- 
ing percentages  of  carbon  monoxide:  87,  82,  84,  79,  88;  average, 
84. 

experiments  with  illuminating  gas,  F.^TTENED  water  CAS, 

mixed  with  air — In  such  an  atmosphere  the  symptoms  during 
intoxication  differed  in  some  respects  from  the  preceding  group. 
There  occurred  in  all  cases  more  rapid  collapse  and  distinctly 
greater  respiratory  excitement.  Nausea  and  vomiting,  which 
were  lacking  in  the  experiments  with  pure  carbon  monoxide, 
occurred  in  all  the  animals  of  this  second  group.  These  observa- 
tions and  the  fact  that  death  ensued  with  a  lower  percentage  of 
carbon  monoxide  in  the  blood  indicate  that  illuminating  gas 
contains  some  substance  or  substances  which  render  it  distinctly 
more  toxic  than  an  equal  amount  of  pure  carbon  monoxide.  The 
blood  of  the  five  dogs  used  in  these  experiments  contained  at  the 
point  of  death  the  following  percentages  of  carbon  monoxide: 
74,  67,  76,  71;   average,  72. 
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EXPERIMENTS  WITH  EXHAUST  GAS  FROM  A  CAR  USING  GASOLINE 

— For  these  tests  the  three  commonest  varieties  of  gasoline  sold 
locally  were  used  succes.sively.  A  large  rubber  bag  was  attached 
to  the  exhaust  of  a  car  (one  in  good  condition,  with  an  efficient 
and  smooth  running  engine),  while  it  was  standing  with  the 
engine  running  "idle."  This  gas  was  analyzed  for  carbon  mon- 
oxide by  means  of  an  Orsat  apparatus  in  the  usual  way.  The 
gas  was  then  mi.xed  with  air  in  the  large  gasometer  to  approxi- 
mately the  same  concentration  of  carbon  monoxide  as  in  the 
previous  experiments  and  was  then  administered  to  animals  in 
the  glass  chamber.  In  these  experiments  the  animals  were  at 
the  point  of  death  in  approximately  the  same  time  as  in  the  first 
series  of  experiments.  The  symptoms  were  similar  to  those 
from  pure  carbon  monoxide  and  unlike  those  from  illuminating 
gas.  The  percentages  of  carbon  monoxide  in  the  blood  were 
also  similar  to  the  first  series,  but  higher  than  the  second.  Evi- 
dently carbon  monoxide  was  here  practically  the  only  toxic 
substance.  The  blood  of  the  five  dogs  in  this  group  of  experi- 
ments contained  at  the  point  of  death  the  following  percentages 
of  carbon  monoxide:   84,  86,  S3,  81,  81;  average,  83. 

EXPERIMENTS    WITH    EXHAUST    GAS    FROM    A    CAR    USING    COAL 

DISTILLATE — Two  dogs  Were  exposed  to  this  gas,  exactly  as  the 
animals  had  been  exposed  in  the  previous  experiments  to  exhaust 
gas  from  gasoline,  and  died  with  symptoms  like,  but  more  marked 
than,  those  of  the  dogs  poisoned  with  illuminating  gas.  The 
lilood  of  these  two  animals  had  a  decided  brownish  tinge  indicat- 
ing a  marked  destructive  inlluence  upon  the  hemoglobin  of  the 
blood.     It  is  known  that  benzene  has  such  an  elTcct. 

The  composition  of  the  coal  distillate,   according  to  figures 
kindly  furnished  by  the  chemist  of  the  Gas  Company,  was: 
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•        Per  cent 

Benzene 69  0 

Toluene ;.  15.5 

Solvent  naphtha 13.  5 

Heavy  naphtha 2.0 

Total 100. 0 


The  blood  of  the  two  dogs  used  in  these  experiments  contained 
at  the  point  of  death  the  foHotTing  percentages  of  carbon  mon- 
oxide:  60,  64;   average,  62. 

EXPERIMENTS  WITH  GASOLINE  vapor' — In  Order  to  determine 
the  possible  part  which  unburned  gasoline  vapor  might  play  as 
a  toxic  constituent  of  exhaust  gas,  dogs  were  exposed  to  the  vapor 
of  carefully  controlled  concentrations.  It  was  found  that  100 
parts  of  gasoline  vapor  in  10,000  of  air  caused  convulsions  and 
250  parts  resulted  in  death.  Obviously  unburned  gasoline  is 
not  an  appreciable  factor  in  the  effects  of  exhaust  gas,  but  the 
vapor  contained  in  a  tank  from  which  gasoline  has  been  drawn, 
and  even  after  considerable  ventilation,  would  be  highly  toxic — 
as  the  practical  experience  of  the  industry  fully  confirms. 

PRrNciPAL  Conclusions 

The  general  standards  at  which  we  arrive  for  periods  of  a 
few  hours  are:  When  the  time  in  hours  multiplied  by  the  con- 
centration of  carbon  monoxide  in  parts  per  10,000  of  air  equals 
3,  there  is  no  perceptible  physiological  effect.  When  it  ea.uals 
6,  there  is  a  just  perceptible  effect.  When  it  equals  9,  headache 
and  nausea  are  induced.  When  it  equals  15  or  more,  the  con- 
dinons  are  dangerous  to  life. 

If  the  volume  of  breathing  is  increased  by  exercise  (even  by 
slow  walking,  and  correspondingly  more  by  physical  work)  the 
rate  of  absorption  of  carbon  monoxide  is  increased  proportionally. 

After  return  to  fresh  air,  the  elimination  of  carbon  monoxide 
through  the  lungs  proceeds  at  a  rate  of  30  to  60  per  cent  reduction 
of  the  blood  saturation  per  hour. 


In  the  exhaust  gas  from  gasoline,  carbon  monoxide  is  the  only 
considerable  toxic  constituent.  In  the  exhaust  gas  from  coal 
distillate  (benzene,  etc.),  and  in  illuminating  gas,  there  are 
present  accessory  toxic  substances. 

BlBLIOGEAPHY 

1 — M.  C.  Teague,  "Determination  of  Carbon  Monoxide  in  Air  Con- 
taminated with  Motor  Exhaust  Gas."  J.  Ind,  Eni>.  Chem..  12  (1920).  964. 

2 — H.  Kreisinger  and  F.  K.  Ovitz.  "Sampling  and  .Analysis  of  Flue 
Gases,"    Bur.  Mines.  Bull.  97  (1915).  21,  32, 

3 — J.  S.  Haldane,  "Methods  of  Air  Analysis,"  London,  Charles  Griffin 
and  Co,,  1912,  107. 

4 — C,  G.  Douglas,  J.  S.  Haldane,  and  J.  B.  S.  Haldane.  "The  Laws 
of  Combination  of  Haemoglobin  with  Carbon  Monoxide  and  Oxygen," 
J.  Physiol..  14  (1912-1913),  275. 

.^^ — J.  S.  Haldaneand  J.  Lorrain  Smith.  "The  Mass  and  Oxygen  Capacity 
of  the  Blood  in  Man."  /.  Physiol..  2S  (1S99-1900),  331. 

fi — .T.  S.  Haldane,  "The  Action  of  Carbonic  Oxide  on  Man,"  J.  Physiol.. 
18  (1S95).  430, 

7 — Report  of  the  Board  of  Trade  on  the  Ventilation  of  the  Metro- 
politan Railway  Tunnels.      Parliamentary  Paper  C36S4  (1897). 

8 — G.  A.  Burrell,  "The  Use  of  Mice  and  Birds  for  Detecting  Carbon 
Monoxide  after  Mine  Fires  and  Explosions,"  Bur.  Mines,  Tech.  Paper  11 
(1912). 

9 — H.  W.  Haggard,  "The  Anesthetic  and  Convulsant  Effects  of  Gas- 
oline Vapor,"  /.  Pharmacol.,  16  (1920),  401. 

10 — Y.  Henderson,  "Carbon  Monoxide  Poisoning,"  J.  Am.  Med.  .\ssoc.. 
67  (1916),  580. 

11 — Y.  Henderson  and  H.  W.  Haggard,  "The  Elimination  of  Carbon 
Monoxide  from  the  Blood  after  a  Dangerous  Degree  of  Asphyxiation  and 
a   Therapy  for  .'Accelerating  the  Elimination,"  J.  Pharmacol.,  16  (1920),  11. 

12 — H,  W.  Haggard,  "Studies  in  Carbon  Monoxide  Asphyxia.  1 — 
The  Behavior  of  the  Heart."  Am.  J.  Physiol..  36  (1921),  390. 

13 — H.  W.  Haggard  and  Y.  Henderson.  "The  Treatment  of  Carbon 
Monoxide  Poisoning."  /.  Am.  Med.  .Assoc,  77  (1921),  1065. 

14 — H.  W.  Haggard.  "Studies  in  Carbon  Monoxide  Asphyxia.  2 — 
The  Growth  of  Neuroblasts  in  the  Presence  of  Carbon  Monoxide;  a  Demon- 
stration of  the  Non-toxic  Action  of  This  Gas  on  Nervous  Tissue,"  Am.  J. 
Physiol..  1921  (:n  press). 

15 — .T.  S.  Haldane,  "Respiration,"  Vale  University  Press,  1922. 

16 — A,  C,  Fieldner,  A.  A,  Straub  and  G.  W.  Jones,  J.  Ind.  Eng.  ChOn., 
13  11921),  31. 


A.  C.  S.  Lecturers  at  West  Point  and  Annapolis 

From  the  data  submitted  to  the  authorities,  the  following 
speakers  have  been  selected  to  address  the  United  States  Military 
Academy  and  the  United  States  Naval  Academy  on  the  dates 
mentioned : 

U.  S.  Military  Academy 

April  5 — "Chemical  Agents  in  Battle,"  Major  E.  J.  Atkisson,  Chemical 

Warfare  Service,  Edgewood  Arsenal,  Md. 
April   12 — "The   Manufacture,    Chemistry,   and   Uses   of   Rubber   Goods," 

Mr.  W.  C.  Geer,  Vice  President,  B.  F.  Goodrich  Co.,  Akron,  Ohio. 
April   19 — "Motor  Fuels  Ten   Years   Hence."    Prof.   Ralph   H.   McKee, 

Columbia  University,  New  York,  N.  Y. 
April    26 — "Helium,    Its    History,    Properties,    and    Use    in    Aeronautics," 

Dr.   R.   B.   Moore,   Chief   Chemist,    Bureau   of   Mines,   Washington, 

D.  C. 
May  3 — "The  Role  Played  by  Cellulose  in  the  Late  War,'    Prof.  Harold 

HiBBERT,  Yale  University,  New  Haven,  Conn. 

U.  S.  Naval  Academy 

February  25 — "Nitrogen  Fixation  and  Its  Relation  to  the  Production  of 

Food  and  Explosives,"  Dr.  Alfred  H.  White,  Professor  of  Chemical 

Engineering,  University  of  Michigan,  Ann  Arbor,  Mich. 
March  11 — "Chemical  Agents  in  Battle,"  Major  E.  J.  Atkisson,  Chemical 

Warfare  Service,  Edgewood  Arsenal,  Md. 
April  1 — "Fuels,"  Prof.  S.  W.  Parr,  University  of  lUinois,  Urbana,  III. 
April  15 — "Motor  Fuels  Ten   Years  Hence,"   Prof.  Ralph  H.   McKee, 

Columbia  University,  New  York,  N.  Y. 
April   29 — "Helium,    Its    History,    Properties,    and    Use   in    Aeronautics," 

Dr.  R.  B.  Moore,  Chief   Chemist,    Bureau   of    Mines,    Washington, 

D.  C. 
May  13 — "The  Role  Played  by  Cellulose  in  the  Late  War,"  Prof.  Harold 

HiBBBRT,  Yale  University,  New  Haven,  Conn. 


Platinum  Theft 

Attention  is  called  to  the  fact  that  on  the  night  of  February 
6.  1922,  platinum  to  the  amount  of  100  grams  was  stolen  from 
the  office  of  F.  A.  Richmond,  Chemical  Laboratory,  Elmira 
College,  Elmira,  X.  Y. 


Industrial  Notes 

For  the  purpose  of  encouraging  research  work  on  glass,  the 
Research  Committee  of  the  Glass  Division  of  the  American 
Ceramic  Society  has  made  arrangements  for  providing  glass  of 
desired  composition  and  desired  form  for  investigators  in  this 
field.  The  material  will  be  supplied  free  of  charge  and  no  limi- 
tations as  to  the  nature  of  the  research  will  be  imposed.  The 
recipients  of  the  material  will  be  under  no  obligations  except 
that  of  publication  of  the  results  of  their  investigations,  the  com- 
mittee requesting  only  that  wherever  possible  the  Journal  of  the 
American  Ceramic  Society  be  given  preference  in  reporting  the 
results.  Inquiries  from  interested  persons  may  be  addressed  to- 
one  of  the  following  members  of  the  Committee  on  Research: 
E.  C.  Sullivan,  Coming  Glass  Works,  Corning,  N.  Y.;  E.  W. 
Washburn,  University  of  Illinois,  Urbana,  111.;  R.  B.  Sosman, 
Geophysical  Laboratorj-,  Washington,  D.  C. 

The  statistics  for  imports  of  chemicals,  drugs,  dyes,  and  med- 
icines for  the  year  1921  show  a  decrease  in  value  of  54.8  per  cent 
as  compared  with  1920.  The  loss  in  value  for  the  entire  import 
trade  was  52.5  ,per  cent.  Receipts  of  chemical  products  for 
recent  years  are  as  follows: 

1914 $   88,039,120 

1918 '. 151,832,065 

1919 126,048,538 

1920 211,528,099 

1921 85,603,912 

In  nearly  every  case  the  drop  from  the  1920  figures  is  due  to  a 
general  fall  in  pricey,  and  not  to  a  decrease  in  volume  of  imports. 
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Investment  in   Chemical    Education    in   the 
United  States,  1920-1921 

(Compiled  by  Research  Informalion  Service,  National  Research  Council) 

By  Clarence  J.  West  and  Callie  Hull 

At  the  request  of  the  Chemical  Foundation  of  New  York  City 
the  Research  Information  Service  of  the  National  Research  Coun- 
cil has  compiled  a  series  of  tables  showing  the  investment  in 
chemical  education  in  the  United  States  for  the  collegiate  year 
1920-1921.  This  information  was  secured  by  sending  question- 
naires to  the  600  universities  and  colleges  listed  in  the  Educational 
Directory  of  the  U.  S.  Bureau  of  Education.  Reports  were  re- 
ceived from  about  450  institutions.  This  number,  therefore, 
represents  approximately  three-fourths  of  all  the  colleges  and 
universities  in  the  United  States.  It  represents,  however,  a 
much  larger  proportion  of  the  amount  of  money  invested,  as 
practically  all  of  the  large  colleges  and  universities  responded. 
In  nine  states  returns  were  complete;  in  practically  all  of  the 
other  states  returns  varied  between  two-thirds  and  three-fourths 
of  the  institutions  listed. 

The  information  was  tabulated  first  by  university  or  college 
grouped  under  the  individual  state,  but  on  account  of  the  length 
of  these  tables,  the  statistics  have  been  summarized  by  state 
in  Table  I.  The  ten  states  leading  in  investment  in  chemical 
education  for  this  period  are  listed  in  Table  II.  These  figures 
include  not  only  the  actual  money  invested,  but  also  the  appro- 
priations for  new  buildings  and  equipment  under  construction 
at  this  time.  This  latter  amount,  $7,553,300,  is  divided  between 
17   states   and   27   institutions.     Of   these   institutions   Cornell 


leads  with  $2,000,000  and  Yale  is  next  with  $1,866,900.  The 
sums  reported  by  the  other  institutions  vary  between  $5000 
for  Howard  College,  Alabama,  and  $465,000  for  the  University 
of  Minnesota.  Twelve  institutions  reported  a  total  of  about 
$2,000,000  worth  of  building  under  consideration. 

Table  II — Ten  States  Leading  in  Investment  in  Chemicai, 


New  York 

Massachusetts 

Ohio 

Connecticut 

Pennsylvania 


Education,  1920-1921 
S  6,790,015  Minnesota 

Illinois 


4,146,917 
3,196,204 
2,786,495 
2,404,521 


California 
Michigan 
Indiana 


$  2,351,210 
1.868,983 
1,490,587 
1,390,850 
1,098,726 


Those  states  having  over  $500,000  invested  in  buildings  and 
equipment  are  shown  in  Table  III.  The  cost  of  maintenance 
and  the  number  of  students  are  also  given.  From  these  figures 
one  may  roughly  approximate  the  cost  per  student  per  year  in 
the  states  listed. 


Table  III — States 


State 
New  York 
Massachusetts 
Ohio 

Pennsylvania 
Minnesota 
IlUnois 
California 
Michigan 
Oklahoma 
Indiana 
Texas 

Connecticut 
New  Hampshire 
Wisconsin 
Missouri 
Colorado 


Having  Over 
Equipment 
Approximate 
Valuation  of 
Buildings  and 
Equipment 
$  3,973,459 
2,793,873 
2,014,679 
1,854,852 
1,515,972 
1,490,272 
1,217,045 
840,499 
773,000 
745,000 
659,495 
618,500 
605,000 
569,710 
550,105 
546,750 


$500,000  Invested  in  Buildings  and 
FOR  Chemistry 


Cost  of  Maintenance 

of  Chemical  and 
Chemical  Engineer- 
ing Departments 
$    805,556 
1,345,571 
503,825 
464,269 
168,447 
370,782 
271,192 
276,901 
88,800 
152,226 
204,706 
151,095 
43,500 
236,774 
135,044 
102,462 


Total  Num- 
ber of  Students 
16,453 
5,954 
8,571 
6,444 
5,823 
7,779 
3,869 
4,862 
1,786 
3,667 
3,393 
1,351 
711 
3,361 
2,932 
2,102 


State 

Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Dist.  of  Columbia. 

Florida 

Georgia 

Idaho 

Illinois .' . 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts. . ,  . 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire. . 

New  Jersey 

New  Mexico 

New  York 

North  Carolina... 
North  Dakota. . . . 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina.,, 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia. ... 

Wisconsin 

Wyoming 

Total 


Number  of 
Institutions 
lieporting 

8 

1 

5 
12 

8 

5 

1 

6 

3 

8 

1 
23 
11 
15 
14 

7 

5 

4 

9 
16 

9 

9 

5 
10 

2 

8 

1 

2 

3 

3 
31 
14 

4 
31 

5 

5 
33 

2 
11 

6 
13 
11 

2 

4 
15 

4 

3 

8 

1 

417 


Approximate 

Valuation  of 

Buildings  and 

Equipment 

$        191,044 

60,000 

45,500 

1,217,045 

.546,750 

618,500 

75,000 

410,233 

97,000 

169,650 

21,000 

1,490,272 

745,000 

444,210 

385,971 

100,940 

374,630 

329,679 

343,489 

2,793,873 

840,499 

1,515,972 

451,000 

550,105 

220,000 

496,820 

30,000 

605,000 

275.000 

120,000 

3,973,459 

358,000 

130,000 

2,014,679 

773,000 

59,600 

1,8.54,852 

100,000 

323,620 

161,000 

460,700       - 

659,495 

196,093 

298,675 

436,750 

263,909 

43,000 

569.710 


Valuation  of 
New  Buildings 
under  Construc- 
tion and  Their 
Equipment 
$       5,000 


2,016,900 


Table  I — Investment  in  Chemical  Education  in  the  United  States,  1920-1921 

Cost  of 
Maintenance 
of  Chemical 
and  Chemical 
Engineering 
Departments 
(Salaries.  Chemi- 
cals, Supplies, 
Services,  etc.) 
$  39,436 
17,600 
22,000 
271,192 
102,462 
151,095 
11,682 
121,443 
28,450 
56,543 
18,315 
370,782 
152,226 
133,545 
101,103 
34,929 
75,114 
49,210 
97,725 
1,345,571 
276,901 
168,447 
48,6.50 
135,044 
28,665 
87,906 
11,800 
43,500 
64,309 
14,600 
805,556 
81,300 
34,2,58 
503,825 
88,800 
33,423 
464,269 
36,000 
58,780 
45,276 
87,294 
204,706 
20.780 
.39,234 
110,501 
108,777 
11,750 
236,774 
6,500 


400,000 
82,500 


265,000 
665,000 
275,000 
150,000 
250,000 
50,000 


2,009,000 
50,000 


79.900 
450,000 


Funds 

Received 

for  Chemical 

Endowment 

during  Year 

$       600 


2,350 
SSO 


7.929 
201,500 

4,666 
75,800 


7,473 

8,450 

1,800 

22,000 

1,300 

12,000 

14.000 


2,000 
2,000 

2,766 


$28,230,784 


100,000 
30,000 

$7,553,300 


5,500 

'466 

i',666 
ioo',()66 

62,000 

no 

$525,868 


Total  Number  of 

Students  in  Chemistry 

(All   Courses) 

Under- 

Graduate     graduate 

8  901 

3  250 

8  514 

3,825 

2,078 

1,304 

156 
1,268 

636 
1,265 

291 
6,686 
3,625 
2,720 
2,406 

786 
1,157 

563 
1,713 
5,776 
4.748 
5,691 
1,166 
2,899 
■  400 
1,808 

120 

709 
1,028 

178 

15,364 

1,690 

508 
8,432 
1,776 
1,047 
6,332 

833 
1,141 

653 
2,274 
3,357 

714 

782 
3,101 
1,031 

190 

3,263 

85 


Total  Number  of 

Students  in  Chemical 

Engineering  (where 

Separate  Department 

Is  Maintained) 

Under- 
Graduate     graduate 
1  41 


44 
24 
47 

70 
2 


1,093 

42 

19 

44 

17 

23 

2 

48 

178 

114 

132 

12 

33 

o 

13 

1 


1,089 
16 

2 

139 

10 

5 

112 

20 

5 
12 
60 
36 

6 

2 
28 
18 

"98 


$7,738,970 


3,643 


109,128 


14 


12 


16 
3 
2 


5 
2 

"S2 
39 
32 


1 

8 
302 


67 

54 

'37 
133 

'44 

342 

101 

31 

155 

iii 

81 

273 

.1,435 

132 

343 
30 


66 


744 

"4 
292 
150 

257 
14 


19 
67 


138 
218 


20(i 


5,58S 
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The  Birmingham  Meeting 

Plans  for  the  Birmingham  Meeting,  April  4  to  7,  are  pro- 
gressing rapidly.  Headquarters  will  be  at  the  Tutwiler  Hotel, 
where  the  banquet  will  also  be  held. 

Si.\  special  addresses  will  be  given  at  the  General  Meeting, 
including  the  following: 

Van  H.  Manning,  "The  Pioneer's  Field  in  Petroleuin  Research." 
Charles  L.  Reese,  "informational  Needs  in  Science  and  Technology." 
W.  C.  Geer,  "Recent  Developments  of  the  Chemistry  of  Rubber." 

Excursions  to  the  steel,  by-products,  coke,  and  other  indus- 
tries are  planned  for  Friday  and  Saturday  of  the  meeting 
week. 

Excursion  to  Kingsport,  Chattanooga,  and  Muscle  Shoals 
VIA  Special  Train  to  Birmingham 
I 

Through  a  committee,  C.  L.  Parsons,  Chairman,  the  Washing- 
ton Section  is  arranging  for  a  special  train  of  Pullman  cars  > 
leaving  Washington  at  6  P.  M.,  March  30,  spending  Friday, 
March  31,  at  Kingsport,  Tenn.,  and  the  Clinchfield  region; 
Saturday,  April  1,  at  Chattanooga;  Sunday,  April  2,  at  Muscle 
Shoals;  and  reaching  Birmingham  Monday,  April  3. 

The  train  is  contingent  upon  125  guaranteed  fares.  Early 
application  should  be  made  to  secure  Pullman  accommodations 
desired. 

Tickets  should  be  bought  from  point  of  departure,  via  Wash- 
ington, traveling  over  Southern  and  Norfolk  &  Western  Rail- 
roads, direct  to  Birmingham.  If  350  people  purchasing  tickets 
by  certificate  plan  are  present  in  Birmingham  at  the  meeting 
a  return  ticket  via  same  route  may  be  purchased  at  one-half 
the  regular  fare.  Extra  tickets  for  side  trips  and  for  Pullman 
accommodations  must  be  purchased  in  advance  and  check 
for  same  (made  out  to  Charles  L.  Parsons)  must  accompany 
application.  No  application  for  space  will  be  considered  un- 
less  accompanied    by   remittance. 

Extra  railroad  charges  for  side  trips  Johnson  City  to  Kingsport  and  re- 
turn and  Chattanooga  to  Muscle  Shoals  will  be  $10. S7. 
Pullman  fares  all  four  days; 

Upper  berth  $13.20 

Lower  berth  16.50 

Drawing  room  (2  or  3  persons)  58.00 

The  above  charges  for  Pullman  are  made  to  cover  necessary 
guarantees.  If  Pullman  cars  are  filled,  there  will  be  rebate  of 
any  excess  fare  paid.  Application  for  space  must  be  made  on 
or  before  March  20. 

If  125  applications  accompanied  by  full  remittance  for  extra 
fare  and  PuUman  are  not  received  by  that  date,  the  train  will 
be  abandoned  and  all  remittances  returned.  If  the  train  runs, 
no  remittances  wiU  be  returned  for  any  cause  as  they  are  part 
of  the  guarantee.  Regular  straight  ticket  must  be  purchased 
from  point  of  departure  and  certificate  taken  to  secure  reduction 
on  return  fare.  Special  train  will  be  given  up  at  Birmingham 
and  party  will  return  as  individuals  via  Chattanooga,  Knox- 
ville,  Roanoke,  and  Lynchburg  to  Washington,  and  home. 
This  train  is  normally  open  to  members  north  of  Washington 
and  east  of  Pittsburgh  as  these  points  ticket  south  tlwough 
Washington.  Any  members  living  further  west  who  can  buy 
tickets  via  East  Radford,  Va.,  and  are  willing  to  return  via 
same  route,  will  be  gladly  received  on  the  train  there  or  at  John- 
son City,  but  same  extra  fare  and  Pullman  rates  will  apply. 
Suggestions  are  being  made  to  western  local  sections  that  they 
arrange  for  special  cars  via  Muscle  Shoals  to  be  attached  to 


train  there.  These  cars  cannot  be  a  part  of  the  Kingsport 
and  Chattanooga  trip  on  account  of  the  basic  requirement  of 
the  railroad  that  return  tickets  be  sold  at  a  reduced  price  only 
over  the  route  for  which  certificate  is  issued. 

Permission  has  been  obtained  to  visit  the  nitrate  plant  and 
water  power  development  at  Muscle  Shoals.  This  permission 
is  limited  to  American  citizens  and  to  those  viho  have  no  personal 
connection  with  or  financial  interest  in  the  manufacture  of  cyana- 
niide. 

Ladies  and  personal  guests  may  accompany  members. 

Detailed  plans  have  not  yet  been  made  for  the  entertainment 
at  Kingsport,  Tenn.,  and  at  Muscle  Shoals,  but  we  have  been 
promised  a  hospitable  reception  at  both  places.  Saturday  will 
be  spent  either  at  Knoxville  or  at  Chattanooga,  probably  at 
the  latter  city.  The  region  around  Kingsport,  Tenn.,  has  be- 
come an  interesting  industrial  center  and  large  plants,  such  as 
the  Clinchfield  Portland  Cement  Plant,  the  extract  plant  and 
tannery  of  the  Grant  Leather  Corporation,  a  large  face  brick 
plant,  the  wood  distillation  plant  of  the  Termessee  Eastman 
Corporation,  are  in  operation.  An  immense  leather  working 
plant  of  the  Simmons  Hardware  Company  and  the  new  plant 
of  the  Coming  Glass  Company  are  ready  for  operation,  but  are 
at  present  closed  down.  The  Union  Dye  and  Chemical  plant 
has  ceased  operations.  The  plants  which  are  in  operation, 
however,  are  sufficient  to  give  a  very  interesting  day  for  members, 
and  it  may  be  possible  to  extend  the  trip  to  South  Clinchfield 
to  view  the  Carbo-coal  process  of  the  International  Coal  Prod- 
ucts Company,  which  is  the  only  going  concern  making  use 
of  processes  of  low  temperature  distillation  of  coal  combined 
with  the  production  of  briquetted  solid  fuel.  The  possibility 
of  visiting  this  plant  appears  to  be  entirely  a  question  of  time. 
If  visited,  there  will  be  a  shght  addition  to  the  railroad  fare. 
At  Chattanooga  there  are  important  industrial  plants,  such  as 
by-product  coke  plants,  electric  furnace  manufacture  of  ferro- 
alloys, cottonseed  and  peanut  oil  refining,  hydrogenation  of  oils, 
alum  plant,  etc.     Details  of  the  trip  are  being  arranged. 

All  are  familiar  with  the  immense  fixed  nitrogen  development 
made  by  the  Government  at  Muscle  Shoals,  the  partly  developed 
water  power,  and  the  proposition  for  the  purchase  of  the  same 
from  the  Government  which  is  now  before  Congress.  Per- 
mission to  visit  the  plants  has  been  granted  with  the  limitation 
above  cited.  The  people  of  the  immediate  locality  will  ar- 
range a  special  entertainment  for  the  Society. 

Committees 

Honorary  Chairman:  George  Gordon  Crawford. 

Executive  Committee:  J.  F.  Carle,  Theodore  Swan,  C  N.  Wiley,  Mai 
Kuniansky,  James  T.  MacKenzie,  J.  R.  Harris,  H.  S.  Geismer,  .\lden  K. 
Boor. 

Finance  Committee:  Theodore  Swan.  Chairman.  Erskine  Ramsey, 
Frank    Miller. 

Holds,  Publicity  and  Meeting  Places:  C.  N.  Wiley,  Chairman,  F.  G. 
Cutler,    Henry    Burn. 

Registration  and  Information:  Max  Kuniansky,  Chairman,  R.  T.  Pitt- 
man,  R.  W.  Allen. 

Banquets:    J.  T.  MacKenzie,  Chairman,  J.  H.  Adkins,  J.  W.  Moore. 

Excursions:  J.  R.  Harris,  Chairman,  Theodore  Swan,  K.  Landgrebe, 
A.'G.  Overton,  G.  St.  J.   Perrot. 

.Smokers:    Alden  K.  Boor,  Chairman.  T.  S.  Bissell,  C.  W.  Hogg. 

Transportation:  H.  S.  Geismer,  Chairman.  W.  E.  Mitchell,  R.  H. 
Cunningham. 

Ladies'  Entertainment:    Mrs.  Eugenia  B.  Dabney,  Chairman. 

Papers:    Dr.  A.  C.  Montgomery.  Chairman. 
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Reports  on  the  Progress  of    Applied 
Chemistry 

In  order  that  the  Annual  Reports  on  the  Progress  of  Applied 
Chemistry  issued  by  the  Society  of  Chemical  Industry  may 
be  more  widely  known  in  this  country,  the  Society  is  offering 
Volume  VI  (to  be  published  in  March)  at  the  reduced  price  of 
10s.  post-free,  to  members  of  the  American  Chemical  Society. 
This  is  the  price  charged  to  its  own  members. 

Orders,  with  remittance,  should  be  sent  to  Dr.  J.  P.  Long- 
staff,  Journal  of  the  Society  of  Chemical  Industry,  Central 
House,  46  &  47,  Finsbury  Sq.,  London,  E.  C.  2,  England. 


Calendar  of  Meetings 

American     Chemical     Society — 63rd     Meeting,     Birmingham, 

Ala.,  April  4  to  7,  1922. 
American  Electrochemical  Society — Spring  Meeting,  Baltimore, 

Md.,  April  27  to  29,  1922, 
American  Institute    of  Chemical  Engineers — 14th    Semiannual 

Meeting.  Niagara  Falls,  Ontario,  week  of  June  19,  1922. 
American  Society  for  Testing  Materials — 25th  Annual  Meeting, 

Atlantic  City,  N.  J.,  June  26  to  July  1,  1922. 


Officers  of  Local  Sections,  A.  C.  S. 

The  1922  officers  of  the  New  Haven  Section  are: 
President:    MlLO  C.  Burt 
Vice  President:    Treat  B.  Johnson 
Treasurer:   John  L.  Christie 
Secretary:    Blair  Saxton 
Councilor:   Harold  Hibbert 

The  1922  officers  of  the  Georgia  Section  are: 
Chairman:  C.  A.  Butt,  Atlanta. 
Vice  Chairman:  Dr.  J.  F.  SELLERS,  Atlanta. 

Secretary-Treasurer:  L.  B.  Lockhart,  33Va  Auburn  Ave.,  Atlanta 
Councilor:  W.  P.  Heath,  Atlanta. 


American  Institute  of  Chemical  Engineers 

The  American  Institute  of  Chemical  Engineers  will  meet  in 
Niagara  Falls,  Ontario,  at  the  Hotel  Clifton,  beginning  June  19, 
1922.  One  day  will  be  spent  at  Buffalo,  and  one  devoted  to  a 
boat  trip  to  Toronto  with  visits  to  industries  there. 

The  feature  of  the  program  will  be  a  symposium  on  the  manu- 
facture of  the  heavy  acids.  The  Secretary,  Dr.  J.  C.  Olsen, 
Brooklyn  Polytechnic  Institute,  Brooklyn,  N.  Y.,  will  be  glad 
to  correspond  with  any  who  may  be  interested,  whether  members 
of  the  Institute  or  not. 


NOTES  AND  CORRESPONDENCE 


The  Outlook  in  Europe 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

It  was  my  privilege  to  visit  England,  France,  Belgium,  and 
Germany  during  the  months  of  October  and  November  1921, 
and  my  general  impression  of  the  conditions  is  such  that  I 
cannot  put  my  finger  on  any  one  particular  thing  that  would 
restore  some  of  these  countries  to  even  a  seminormal  condition. 

British  Tariff  Conditions 

England  has  always  been  a  free  trade  country,  but  since  the 
war  she  has  seen  her  industries  slipping,  with  every  indication 
of  going  under,  and  has  enacted  a  general  tariff  bill,  called  the 
"Safeguarding  of  the  Industries  Act"  in  which  a  duty  of  SS'/a 
per  cent  has  been  placed  on  all  industries  which  need  protection, 
such  as  optical  glass  and  optical  instruments;  scientific  glass- 
ware; laboratory  porcelain;  synthetic  colors,  rare  earths,  and 
chemicals.  In  addition,  an  Anti-Dumping  Act  has  been  en- 
acted, which  became  a  law  on  October  1,  1921.  I  can  quote 
only  Part  2,  iSection  B,  of  the  Anti-Dumping  Act  of  England, 
which  relates  to  the  depreciation  in  value  of  foreign  currency, 
which  we  would  do  well  to  follow: 

Evidence  as  to  price  at  which  similar  goods  can  be  profitably 
manufactured  in  the  LTnited  Kingdom. 

Evidence  to  show  that  the  depreciation  in  relation  to  sterling 
of  the  currency  of  the  country  of  manufacture  is  responsible 
for  the  fact  that  the  prices  at  which  the  goods  are  sold  or  offered 
for  sale  in  the  L'nited  Kingdom  are  below  the  prices  at  which 
similar  goods  can  be  profitably  manufactured  in  the  United 
Kingdom. 

In  addition  to  this,  England  has  protected  her  dye  and  syn- 
thetic chemical  industry  by  means  of  embargoes  and  prohibi- 
tions, which  prevent  some  foreign  chemicals  from  coming  into 
the  country. 

Francb  and  Belgium 

The  condition  in  France  is  still  more  interesting,  for  France 
has  enacted  a  tariff,  known  as  the  Law  of  September  1921 ,  which 
is  composed  of  four  distinct  types  of  tariff.     They  are  known  as 


the  "old  tariff,"  "new  tariff,"  "favored  nation  tariff,"  and  the 
"coefficient." 

The  "old  tariff"  is  the  one  which  existed  prior  to  that  date, 
and  applies  to  some  materials  not  made  in  France,  and  others 
not  indigenous  to  France.  The  "new  tariff,"  generally  speaking, 
is  a  very  high  tariff  on  certain  chemicals  and  manufactured 
articles.  The  "favored  nations  tariff" — from  which  the  United 
States  is  conspicuously  absent — favors  those  countries  which 
France  has  chosen;  but  the  most  important  and  interesting  part 
is  the  "coefficient."  This  is  a  number  2,  3,  4,  or  more  in  the 
fourth  column  of  the  Tariff  Act,  which  in  every  instance  is 
used  as  a  multiple  of  the  duty  assessed.  In  other  words,  pre- 
cipitated barium  sulfate  is  assessed  at  2  francs  per  100  kilos,  and 
includes  the  coefficient  5;  therefore,  it  is  dutiable  at  10  francs 
per  221  lbs. 

France  has  no  unemployed  men  at  present;  the  entire  country 
looks  very  prosperous. 

Belgium  is  in  the  same  condition,  and  has  a  high  protective 
tariff,  but  I  am  not  in  possession  of  the  latest  laws  on  the  subject. 

The  Economic  Condition  of  Germany 

The  condition  in  Germany  is  exceedingly  interesting  in  view 
of  the  fact  that  by  far  the  largest  part  of  the  plants  in  Germany 
are  working  nights.  There  is  no  unemployment,  as  there  is  no 
foreign  competition.  As  I  pointed  out  to  the  Treasury  Depart- 
ment last  summer  (in  June  1921),  Germany,  in  addition  to  her 
high  tariffs,  has  a  list  of  embargoes  which  precludes  the  impor- 
tation of  any  material  which  can  be  made  in  Germany  out  of 
German  raw  material.  If  we  wished  to  retaliate  by  shipping 
1000  tons  of  barium  peroxide  to  Germany  at  five  cents  per  ton 
it  could  not  be  done,  because  the  material  could  not  enter  any 
of  the  customs  ports  of  Germany. 

The  man  who  goes  to  Berlin,  lives  at  a  fine  hotel,  and  orders 
the  best  wine  for  a  few  cents  a  bottle  in  our  money,  and  then 
comes  back  talking  about  how  prosperous  Germany  is,  is  not 
acquainted  with  the  facts.  It  is  true  that  Germany  is  working 
very  hard,  and  that  one  passes  hundreds  of  factories  brilliantly 
illuminated  at  night,  particularly  in  the  iron  district  near  Essen, 
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but  the  workman  is  being  paid  in  a  currency  that  is  continually 
depreciating,  and  the  savings  which  he  had  put  aside  last  year, 
when  the  mark  was  worth  1.6  cents,  have  depreciated  until  now 
their  purchasing  power  is  far  less  than  it  was  a  year  ago,  and 
their  international  value  has  fallen  to  half  a  cent.  Such  a 
condition  is  not  wholesome,  and  I  feel  sure  that  unless  Germany 
receives  a  gold  loan  from  the  Allies  and  the  United  States  she 
may  soon  find  herself  in  the  same  deplorable  condition  as  Austria 
and  Poland.  Germany  is  running  her  railroads  at  a  tremendous 
loss  (approximately  thirteen  billion  marks  this  year) ;  her  post- 
oflice  shows  a  deficit  of  two  billion  marks,  and,  while  she  has 
neither  army  nor  navy,  she  is  supporting  the  foreign  army  on  her 
soil  at  a  cost,  equal  to,  if  not  greater  than,  that  of  France.  An- 
other pernicious  defect  of  the  financial  condition  in  Germany  is 
the  fact  that  many  of  her  merchants  have  opened  accounts  in 
Holland,  England,  the  United  States,  and  South  America,  and 
when  they  export  goods  to  these  countries,  they  deposit  the 
funds  in  the  gold  of  that  country.  The  consequence  is  that  raw 
and  manufactured  material  has  been  exported,  but  the  money 
has  never  been  returned  to  Germany. 

Another  very  depressing  effect  upon  the  Germans,  particu- 
larly in  relation  to  their  reparation  payments,  has  been  the 
decision  of  the  Allies  in  regard  to  Upper  Silesia.  It  is  expected 
that  Germany  will  pay  the  indemnity  either  in  gold  or  in  kind, 
in  accordance  with  Article  175  of  the  Treaty.  It  was  agreed 
that  Upper  Silesia  should  decide  by  plebiscite  whether  it  should 
become  a  part  of  Germany  or  a  suzerainty  of  Poland.  The 
vote  was  overwhelmingly  for  Germany,  but  a  little  rider  at  the 
end  of  Article  175  states  that  even  if  the  plebiscite  shall  decide 
in  favor  of  one  country  or  the  other,  the  Commission  may 
reverse  this  decision  if  they  so  see  fit.  It  is  a  long  time  since 
I  read  this  particular  article  and  I  am  not  sure  I  am  correct  in 
quoting  Article  175,  and  I  know  I  am  not  correct  as  to  the  exact 
verbiage  used,  but  such  at  least  was  the  intent  of  that  paragraph. 
I  happened  to  be  in  Germany  at  the  time  that  this  decision 
was  made,  and  it  had  a  very  depressing  effect,  not  only  upon 
the  people  but  upon  the  mark;  and,  while  I  hold  no  brief  for 
Germany,  my  sense  of  fair  play  rebelled,  for  1  felt  France  is 
encouraging  future  wars  instead  of  preventing  them. 

Germany  has  not  the  slightest  desire  for  another  war,  she  has 
not  the  money,  and  she  has  not  the  men,  and,  in  my  opinion, 
what  she  wants  is  to  be  left  alone  to  work  out  her  own  salvation. 
France  would  be  infinitely  better  off  if  she  reduced  her  army  of 
800,000  men  and  utilized  them  for  the  rebuilding  of  the  devas- 
tated zone.  Of  course,  if  you  go  through  the  battle  area  as  I 
did  from  the  Ostend  coast  to  Rheims,  you  feel  that  no  punish- 
ment is  too  great^to  visit  upon  Germany,  but  it  is  a  dangerous 
thing  to  allow  your  passions- to  get  the  better  of  your  prudence. 
Universal  peace  would  not  be  so  far  off  if  the  Tammany  poli- 
ticians of  France,  of  which  she  unfortunately  has  many,  were 
superseded  by  safe  and  sane  statesmen. 

Mr.  Frank  A.  Vanderlip  once  stated  "You  cannot  milk  a  cow 
and  cut  its  throat  at  the  same  time,"  and  that,  it  strikes  me,  is 
what  is  being  done  to  Germany,  in  addition  to  what  Germany 
is  doing  to  herself. 

Czechoslovakia  ought  to  be  taken  for  an  example,  for  they  are 
working  gladly  and  peacefully;  they  have  stopped  printing 
money;  their  internal  organization  is  on  a  paying  basis,  and  the 
chances  are  that  that  country  will  come  out  ahead  of  all  the 
other  Central  empires. 

As  far  as  stocks  of  raw  materials  and  finished  products  in 
Germany  are  concerned,  Germany  will  soon  come  to  the  end  of 
her  tether  in  the  matter  of  textiles,  for,  with  their  depreciating 
mark,  they  are  unable  to  buy  cotton,  wool,  and  silk  at  compet- 
itive prices.  As  far  as  chemicals  are  concerned,  Germany  has 
enough  raw  material  to  undersell  the  world  for  many  years. 

Maximilian  Toch 

Nbw  York,  N.  Y. 
December  20,  1921 


The  Fire  and   Explosion  Hazards 
Commercial  Oils" 


of 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  the  interest  of  accuracy,  we  desire  to  call  attention  to 
a  number  of  errors  in  the  chapter  on  coal-tar  oils  in  a  book  by 
Vlachos  entitled  "The  Fire  and  Explosion  Hazards  of  Commercial 
Oils,"  published  by  Vlachos  &  Co.,  1921.  This  book  is  in- 
tended for  the  enlightenment  of  fire  imderwriters.  Its  object 
is,  therefore,  praiseworthy,  for  imderwriters  are  generally  de- 
ficient in  exact  information  concerning  the  complex  and  highly 
specialized  materials  of  the  oil  industries.  Unfortunately, 
the  authors  themselves  do  not  appear  to  have  exercised  suffi- 
cient care  in  presenting  the  subject  of  coal-tar  oils  and  this  chap- 
ter contains  a  number  of  statements  which  can  only  be  described 
as  grossly  inaccurate. 

Turning  to  the  opening  paragraphs  of  Chapter  16,  Page  229, 
we  find  the  flash  point  of  "about  16°  F.  below  zero"  attributed 
to  coal  tar.  The  flash  point  of  crude  tar  is  very  difficult  to 
ascertain  as  the  tar  always  contains  considerable  moisture  and 
the  water  vapors  practically  eliminate  any  true  flash  point. 
It  is  safe  to  say  that  crude  coal  tar  will  never  flash  at  tempera- 
tures below  180°  F.  Distilled  or  dehydrated  tars  necessarily 
have  the  hght  oils  removed  during  the  process  of  dehydration 
and  the  residual  tar  will  flash  only  at  temperatures  well  above 
200°  F.  The  flash  point  of  16°  F.  below  zero  attributed  to  coal 
tar  by  the  authors  is  probably  intended  to  refer  to  benzene, 
as  will  be  readily  seen  by  reference  to  the  chapter  title  and  sub- 
titles. Nevertheless,  the  opening  words  of  the  chapter  ex- 
plicitly refer  to  coal  tar  as  a  crude  material  derived  from  the 
by-product  coke  ovens  and  gas  works. 

In  the  second  and  third  paragraphs  of  this  chapter,  the  tem- 
perature of  production  of  coal  tar  from  coke  ovens  and  gas  works 
is  given  as  1100°  F.  and  1500°  F.,  respectively.  While  carbon- 
ization temperatures  vary,  the  temperature  in  by-product 
ovens  is  usually  1800°  F.,  never  as  low  as  1100°,  and  the  tem- 
perature in  gas  retorts  is  approximately  2000°  F.  True  these 
temperatures  are  of  no  particular  significance  or  interest  to 
the  fire  underwriters,  but  if  given  at  all  should  be  stated  with 
some  degree  of  accuracy. 

In  the  next  paragraph  the  authors  state  that  coal  tar  flashes 
readily.  It  does  not  at  ordinary  temperatures  as  expressed 
above.  "When  stored  in  large  steel  tanks  with  steel  roofs 
it  is  an  acceptable  risk."  Steel  roofs  on  coal-tar  storage  tanks 
are  distinctly  luisafe,  owing  to  the  corrosive  action  of  the  am- 
moniacal  impurities  in  the  liquor  which  always  separates  out 
on  the  top  of  coal  tar  in  storage  tanks.  It  is  universal  practice 
in  the  industry  to  use  wooden  roofs  covered  with  pitch  and  felt 
surfaced  with  gravel  or  slag.  These  roofs  will  last  as  long  as 
the  tank  itself.  The  steel  roofs  would  not  last  five  years  and 
are  always  an  element  of  danger  by  reason  of  the  rapid  corrosion. 
Crude  coal  tar  in  storage  invariably  has  a  layer  of  water  on  top 
from  a  few  inches  to  several  feet  in  depth.  It  is  about  as  free 
from  incidental  fire  hazard  or  even  conflagration  risk  as  any 
liquid  material  could  be. 

On  page  231,  we  find  "the  modern  coal-tar  stills  are  vertical 
and  the  older  stills  are  horizontal."  Vertical  tar  stills  are  al- 
most imknown  in  American  practice.  The  horizontal  still 
is  standard  for  discontinuous  distillation.  This  is  probably 
unimportant  as  direct  fired  stills  are  not  ordinarily  insured. 
The  authors  appear  to  have  inspected  some  very  extraordinary 
installations:  t/iz.,  continuous  stills  which  are  gravity  fed;  large 
open  tank  agitators  in  which  benzene  was  treated  with  crude 
sulfuric  acid,  etc. 

In  the  last  page  of  this  section  on  benzene,  we  find  the  in- 
teresting statement  that  the  authors  have  personally  witnessed 
the  violent  explosion  of  creosoted  wood  and  they  deplore  the 
use  of  creosoted  wooden  floors  in  "so-called  fireproof  industrial 
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buildings."  In  view  of  the  remarkable  showing  made  by  creo- 
soted  wooden  block  pavements  in  the  Baltimore  conflagration 
some  years  ago  as  compared  with  the  brick  and  stone  pavements, 
this  statement  will  be  regarded  with  considerable  interest  by 
the  wood-preserving  industry.  The  explosion  of  a  piece  of 
creosoted  wood  is  unique.  The  authors  should  by  all  means 
give  us  the  full  details  concerning  this  fascinating  phenomenon. 

We  have  not  read  the  rest  of  the  book.  Doubtless,  it  may 
be  qyite  free  from  the  unfortunate  errors  which  we  have  noticed 
in  the  chapter  on  coal-tar  oils,  but  in  turning  the  pages  we  did 
observe  what  is  evidently  only  a  typographical  error  on  page  33 
where  the  boiling  point  of  water  is  given  as  220°  F. 

Too  literal  interpretation  by  fire  underwriters  of  these  pro- 
nouncements may  lead  them  into  some  interesting  arguments 
with   oil   chemists. 

S.  R.  Church 
40  Rector  St. 

New  York,  N.  Y. 

February  6,  1922 


trade  is  within  her  own  boundaries,  because  she  has  nursed  and 
protected  her  industries. 

*  *  *  * 

In  the  peace-time  war  for  commercial  supremacy  there  will  be 
no  room  for  middlemen.  Let  us  make  certain  that  we  do  not 
drift  into  a  position  of  being  neither  producers  or  merchants. 

Best  interests  will  be  served  by  a  trade  recovery  that  is  gradual 
and  not  spasmodic.  The  interregnum  of  restricted  trade  should 
be  utilized  to  the  fullest  extent  in  perfecting  plant,  processes, 
and  production  efficiencies  for  all  classes  of  manufactures  for 
which  the  country  is  advantageously  placed.  Chemicals  and 
dyestuffs,  with  unlimited  sources  of  coal  and  coal-tar  products, 
limestone,  salt,  etc.,  should  form  two  of  the  most  extensive. 
When  reconstruction  and  reestablishment  of  confidence  bring 
demand  we  should  then  be  in  a  position  to  command  a  fair 
share  of  the  world's  trade  against  any  fair  competition. 


Consultation  between  manufacturers  and  close  cooperation 
between  employers  and  employed  should  be  encouraged  to  the 
utmost,  with  the  object  of  obtaining  maximum  output,  from  a 
minimum  of  plant,  at'  a  minimum  cost,  and  also  that  we  may 
compete  for  world  trade  more  collectively  as  a  nation  and  less 
as  isolated  members  with  no  common  interests. 


The  International  Trade  Situation 

The  January  7,  1922,  issue  of  The  Chemical  Age  (London) 
contains  an  interview  with  Brigadier  General  Sir  William  Alexan- 
der on  the  international  trade  situation,  and  especially  on 
British  industrial  problems  in  relation  to  those  of  other  nations. 
Sir  William  recently  made  a  tour  of  the  United  States  and 
Canada,  closely  concerned  with  the  future  of  the  dyestuffs 
industry,  and  is  therefore  especially  well  qualified  to  speak  on 
this  problem. 

He  points  out  that  though  the  surplus  capacity  for  dyestuff 
manufacture,  for  instance,  developed  during  the  war  may  mean 
a  peace-time  war  of  elimination.  Great  Britain  and  America 
have  every  chance  of  pulling  through  since  they  are  uniquely 
and  satisfactorily  placed  for  all  the  raw  materials,  if  application 
and  determination  be  added.  Britain  can  maintain  her  plants 
in  operation  provided  that  British  Empire  consumers  support 
their  own  industries,  that  her  chemists  and  engineers  responsible 
for  running  plants  concentrate  toward  maximum  efficiency, 
that  labor  recognize  that  maximum  production  per  unit  of  labor 
or  plant  is  the  greatest  security  for  regular  and  good  wages  and 
low  cost  of  living,  that  the  government  continue  to  assist  British 
industries  to  fight  against  depreciated  currencies  and  other 
handicaps  to  fair  trading  on  equitable  terms,  and  that  the 
government  realize  that  its  consuls  and  trade  commissioners 
overseas  should  be  competent,  commercially,  to  pioneer,  ad- 
vertise and  assist  in  the  development  of  British  trade. 

The  reconstruction  of  Europe  is  all-important  to  Great  Britain 
as  an  exporting  nation,  and  no  opportunity  on  the  part  of  such 
solvent  countries  as  Great  Britain  and  America  to  assist  in 
reconstruction  on  sound  lines  to  the  extent  of  such  finances 
as  can  be  safely  extended  should  be  missed,  but  the  greatest 
and  most  enduring  assistance  will  be  in  the  direction  of  encourag- 
ing poor  nations  to  help  themselves.  Nations  whose  currencies 
have  fallen  so  low  as  to  have  little  or  no  purchasing  values  will 
require  to  go  hungry  until  they  reorganize  their  internal  econo- 
mies and  industries  by  producing  or  taking  out  of  the  ground  the 
equivalent  of  currency  to  balance  imports  by  exports.***** 
Such  a  policy  is  the  only  permanent  and  reliable  method  of 
stabilizing  exchanges. 

*  *  *  * 

This  doctrine  carries  little  encouragement  toward  a  speedy 
revival  of  trade  in  Great  Britain,  but*****in  our  present  state 
of  reduced  circumstances  we  must  not  trade  beyond  our  means. 
*****We  shall  retrieve  our  own  prosperity  more  quickly  and 
surely  by  concentrated  development  of  trade  within  the  Empire, 
adding  such  outside  business  as  exhibits  a  fair  commercial  risk, 
rather  than  retard  reconstruction  on  normal  lines  by  the  en- 
couragement of  trading  with  insolvent  nations  against  phantom 
credits. 

America  has  recovered  from  the  general  depression  to  a  greater 
degree  than  any  other  nation  because  about  80  per  cent  of  her 


The  American  Potash  Industry 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

There  is  a  quite  justifiable  general  opinion  opposed  to  a  tariff 
on  any  material  for  protective  purposes  and  particularly  opposed 
to  any  such  protective  tariff  on  a  material  of  which  the  farmers 
are  to  a  large  extent  the  ultimate  consumers.  However,  the 
situation  as  to  the  tariff  on  potash  proposed  in  the  bill  under 
consideration,  in  Paragraphs  75  and  1635,  is  such  as  to  make  it 
actually  to  the  financial  interest  of  consumers  to  have  those 
paragraphs  retained  in  the  tariff  bill  when  finally  passed. 

Except  for  the  periods  from  1915  until  1919,  and  1919  to  date, 
the  production  of  potash  salts  has  been  a  German  monopoly 
because  the  first  developed  deposits  of  soluble  potash  salts  were 
in  Germany  and  the  business  was  so  conducted  as  to  keep  it 
under  German  control  by  artificial  conditions  imposed  by  the 
German  government. 

Prior  to  1909  this  monopoly  had  maintained  high  prices  of 
potash  salts,  around  $38.00  per  ton  of  80  per  cent  muriate.  In 
1909  the  German  syndicate  was  broken  for  a  few  months  and  dur- 
ing that  time  American  interests  bought  potash  mines  and  under 
the  Schmidtman  contracts  gave  those  particular  mines  the 
large  tonnage  of  the  American  market,  cutting  the  price  to  $21.00 
per  ton  of  80  per  cent  muriate. 

With  this  low  price,  little  more  than  the  cross-country  freight 
on  California  potash  to  tlie  eastern  United  States,  the  American- 
owned  German  mines  made  the  largest  profits  in  their  history. 

The  re-forming  of  the  German  syndicate  was  followed  by  the 
■famous  German  100  per  cent  export  potash  tax  applied  to  prod- 
uct of  mines  which  did  not  belong  to  the  syndicate  or  which 
shipped  more  than  half  their  product  out  of  Germany;  this 
put  the  American  price  higher  than  it  was  before.  The  cele- 
brated Hill-Taft  settlement  followed,  putting  the  price  back 
to  $38.00  per  ton,  and  there  it  stayed  until  the  European  war 
stopped  potash  coming  out  of  Germany. 

Opponents  of  tariff  protection  for  potash  make  much  of  the 
assertion  that,  if  five  years  of  the  sort  of  embargo  that  so  effec- 
tively kept  potash  out  of  this  country  during  1915  to  1919, 
with  the  enormous  prices  that  were  paid  by  consumers,  did  not 
establish  an  American  potash  industry  capable  of  competing  with 
Germany,  certainly  the  protection  provided  by  the  paragraphs 
in  the  present  bill  cannot  do  so  and  can  result  only  in  that  much 
increased  cost  to  the  American  consumers,  the  greatest  number 
of  whom  are  tlie  already  sadly  overburdened  farmers. 

A  careful  analysis  of  the  situation,  however,  will  quickly  relieve 
the  mind  of  the  erroneous  impression  thus  given  by  a  casual 
survey. 
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All  the  forces  of  the  enormous  German  potash  propaganda  had 
been  at  work  for  many  years  in  directing  as  far  as  possible  all 
search  for  American  potash  to  the  far  western  regions  from  which 
the  freight  alone  across  the  country  would  nearly  equal  the 
prices  at  which  Germany  could  lay  down  potash  on  our  eastern 
seaboard,  and,  as  was  proved  by  the  Schmidtman  contracts 
above  referred  to,  at  an  enormous  profit  to  German  mines  if 
allowed  to  operate  on  large  production. 

The  widespread  feldspar  and  greensand  potash  deposits  of 
the  East  were  prevented  from  exploitation  by  the  secret  forces 
of  the  same  propaganda  frightening  proverbially  timid  capital 
away  from  the  enormous  investments  required  in  plants  and 
machinery  for  operation  of  necessary  processes  to  change  this 
insoluble  potash  to  soluble  form. 

The  hidden  deposits  of  soluble  potash  that  must  of  necessity 
exist  in  the  salt  fields  of  the  eastern  United  States  could  not  be 
accidentally  discovered  as  they  had  been  by  hundreds  of  years 
of  shaft  and  stope  raining  for  rock  salt  in  the  salt  fields  of  Ger- 
many, for  the  very  good  reason  that  salt  mining  in  the  United 
States  has  been  entirely  developed  in  the  last  seventy-five  years 
and  confined  entirely  to  the  purest  veins  of  sodium  salt,  where 
there  could  not  of  course  be  any  potash,  and  this  same  propa- 
ganda exploited  to  the  fullest  extent  the  idea  that  an  all-wise 
Providence  had  confined  potash  deposits  to  the  German  salt  fields 
alone. 

The  European  war  embargo  on  German  potash  therefore 
found  this  country  totally  unprepared  to  develop  quickly  any 
potash  production  within  the  limits  to  which  capital  could  be 
obtained,  except  in  the  salt  lakes  and  deserts  of  the  far  West, 
and  only  the  high  prices  obtainable  justilied  the  costly  work  of 
recovery  on  the  comparatively  small  scale  permitted  by  the 
limited  capital  which  could  be  interested.  No  man  who  invested 
a  dollar  in  potash  plants  during  the  war  period  was  ever  sure  of 
having  six  months  in  which  to  operate  without  being  again 
subjected  to  German  competition.  Consequently  investments 
were  made  as  far  as  possible  with  the  idea  of  getting  in  and  getting 
out  quickly  with  a  profit  if  possible. 

After  three  or  four  years'  record  of  reasonable  profits,  some 
companies  actually  did  get  economical  operations  established, 
so  that  with  reasonable  protection  afforded,  they  can  even  now 
produce  potash  salts  at  less  than  double  the  old  German  prices. 

The  exploitation  of  the  several  processes  for  extraction  of  the 
insoluble  feldspar  and  greensand  potash  in  the  East  has  gone 
on  slowly  and  steadily  as  capital  could  be  secured,  and  with  the 
protection  afforded  by  the  bill  in  question  one  plant  now  almost 
completed  and  several  more  under  way  will  get  into  operation 
and  will  not  be  hampered  by  heavy  freight  from  western  de- 
posits. 

If  the  present  bill  had  been  a  law  any  time  before  or  during 
the  war,  American  potash  production  would  in  less  than  five 
years  have  been  on  such  a  scale  of  magnitude  that  prices  far 
lower  than  even  the  Schmidtman  contracts  would  give  hand- 
some profits. 

It  is  a  fact  well  proved  by  history  that  whenever  American 
manufacturers  are  sure  of  no  competition  which  can  have  any 
advantages  of  foreign  cheap  labor  or  foreign  government  pro- 
tection, they  go  into  the  intensive  development  of  a  product  on 
large-scale  production  with  labor-saving  mechanical  ingenuity 
that  always  results  in  cheapening  of  that  product  to  a  point 
where  foreign  competition  is  left  far  behind. 

With  the  passage  of  the  bill  in  question  it  is  a  foregone  con- 
clusion that  capital  will  be  ready  and  eager  to  go  forward  with 
the  developments  now  so  well  under  way,  and  in  a  very  short 
time  American  quantity  production,  with  the  Jesuits  of  the 
wonderful  research  work  that  has  been  carried  out  by  American 
chemists  for  the  past  five  years,  will  totally  destroy  Germany's 
domination  of  the  potash  industry  of  the  world.     Without  this 


protection,  the  industry  is  doomed  and  German  domination  will 
be  permanent  and  complete. 

Notwithstanding  the  fact  that  the  recent  German  and  French 
potash  contracts  have  been  made  with  American  fertilizer 
companies  (three  of  the  principal  companies  still  own  large 
interests  in  German  potash  mines),  at  about  the  old  price  ($37.00 
per  ton  of  80  per  cent  muriate),  the  price  charged  the  good  old 
American  farmer  is  $52.00  per  ton  or  only  a  little  below  the 
price  at  which  American  producers  were  already  offering  their 
American-made  potash. 

The  actual  difference  to  the  farmer,  therefore,  will  be  but 
very  few  dollars  and  the  profit  will  go  to  the  importer  who  is 
sending  good  American  dollars  out  of  this  country,  instead  of 
to  the  American  mine  and  factory  whose  every  expense  benefits 
the  sadly  unemployed  ranks  of  American  labor  and  brains. 

H.  D.  RUHM 
136  Liberty  St. 
New  York.  N.  Y. 
January  20,  1922 


Fire  at  Hey  den  Chemical  Plant 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

We  have  noted  in  the  January  issue  of  the  JomJNAL  a  state- 
ment with  reference  to  our  fire  which  is  grossly  exaggerated. 

The  plant  of  the  Heyden  Chemical  Company  of  America, 
Inc.,  Garfield,  N.  J.,  was  visited  by  a  serious  fire  on  the  afternoon 
of  December  12,  in  the  refined  salicylic  acid  section.  The  fire 
loss,  including  use  and  occupancy  insurance,  is  estimated  to  be 
between  $550,000  and  $600,000. 

The  conflagration  started  at  2  :45  P.  M.  in  the  middle  sublimer 
of  a  set  of  three.  Two  employees  were  cleaning  the  hot  air 
chamber.  One  of  them  left  the  chamber  and  upon  returning 
tripped  over  a  flexible  extension  cord  connected  with  a  properly 
protected  electric  light  bulb.  The  lamp  fell  to  the  iron  grating 
at  the  bottom  of  the  hot  air  chamber,  knocking  off  the  guard  and 
breaking  the  bulb,  and  the  terminal  wires  came  in  contact  with 
the  iron  which  caused  a  short-circuit.  The  flash  ignited  the 
refined  salicylic  acid  in  the  chamber.  The  operators  endeavored 
to  put  out  the  fire  with  buckets  of  water,  which  failed,  and  they 
then  closed  all  dampers,  enclosing  the  flame  in  the  hot  air  cham- 
ber. The  sides  of  the  chamber  were  bulged  out  by  the  gas  gen- 
erated from  this  small  .fire,  which  caused  the  flame  to  spread 
instantly  to  the  dust  in  the  room  and  then  to  the  salicylic  acid 
which  had  just  been  removed  from  the  sublimer.  The  com- 
pany's fire  department  had  a  hose  stream  playing  on  the  burning 
sublimer  at  about  the  time  the  dust  ignited,  which  caused  a 
"puff,"  blowing  out  the  end  wall  of  the  building,  and  the  wind 
carried  the  flames  around  the  fire  protection  walls,  separating 
each  of  the  sublimers,  and  the  other  sublimefs  caught  fire,  causing 
the  destruction  of  the  refined  section  of  the  salicylic  acid,  sodium 
salicylate  and  acetylsalicylic  acid  departments. 

The  capacity  of  the  destroyed  refined  salicylic  acid  section  of 
the  plant  was  approximately  225,000  lbs.  of  U.  S.  P.  acid  per 
month.     The  crude  equipment  is  intact. 

Of  the  five  men  who  were  burned,  four  of  them  have  reported 
back  at  work  and  the  fifth,  the  foreman  who  was  most  seriously 
burned,  it  is  expected  will  be  discharged  from  the  hospital  early 
in  February.  The  foreman,  who  was  the  most  seriously  burned, 
received  his  injuries  through  his  efforts  to  turn  on  the  valve  con- 
trolling the  carbon  dioxide  gas,  with  which  all  sublimers  were 
equipped  to  prevent  the  possibility  of  serious  fire.  He  was 
caught  in  the  "puff"  which  took  place  just  as  he  was  entering  the 
sublimer  room. 

F.  H.  Chamberlain,  President 

Heyden  Chemical  Company  of  America,  Inc. 
G.-vrfield,  N.  J. 
January  18,  1922 
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The  Formula  Index 

Editor  of  the    Journal  of  Industrial  and  Engineering  Cliemislry: 

The  work  that  Chemical  Abstracts  has  been  doing  and  is  doing 
for  the  chemists  of  America  and  elsewhere  is  of  the  utmost  im- 
portance. This  work  has  been  dc\-e!oping  without  a  backward 
step  from  its  start  in  1907,  until  just  recently.  However,  the 
action  of  the  directors  of  the  Society  in  stopping  work  upon  the 
formula  inde.x  to  Chemical  Abstracts  for  1921  is  very  much  to 
be  deplored,  as  it  curtails  the  usefulness  of  the  journal. 

I  wish  to  take  this  occasion  to  protest  against  this  action  and 
to  ask  other  chemists  interested  to  file  a  similar  protest.  The 
reasons  which  lead  to  my  opinion  are  the  following: 

The  heart  of  any  abstract  journal  is  its  index.  Chemistry 
is  now  so  complex  that  it  is  utterly  impossible  to  have  a  simple 
index.  Those  responsible  for  Chemical  Abstracts  realized  this 
and,  begitming  with  the  Decennial  Index,  evolved  the  most 
scientific  nomenclature  yet  proposed  for  such  an  index.  This 
index  is  a  very  excellent  one  but  neither  it  nor  any  other  complete 
word  index  can  be  used  without  considerable  study  and  experience 
with  the  principles  involved. 

On  the  other  hand,  a  formula  index  especially  for  organic 
compounds  is  extraordinarily  simple  to  use.  It  furthermore 
gives  more  accurate  and  quicker  information  as  to  the  presence 
of  a  given  compound  in  an  index  than  will  a  word  index. 

I  trust  that  some  way  will  be  found  to  restore  the  formula 
index  to  Chemical  Abstracts.  It  would  be  very  much  better  to 
increase  the  dues  of  the  Society  or  to  economize  in  other  direc- 
tions rather  than  to  drop  this  formula  index.  As  a  matter  of 
fact,  a  formula  index  ought  to  be  prepared  as  a  supplement  to 
the  Decennial  Index,  as  so(in  as  possible. 

R.  NoRRis  Shreve 
43  Fifth  Ave. 
New  York,  N.  Y. 
January  18,  1923 


Permanence  of  the  Grignard  Reagent 

[PRELIMINARY  NOTE] 

In  connection  with  a  series  of  quantitative  studies  on  the 
Grignard  reagent,  particularly  the  determination  of  the  optimum 
condition  for  the  formation  of  this  reagent,  it  was  considered 
desirable  to  undertake  investigations  which  it  is  hoped  will 
extend  the  general  usefulness  of  the  reagent,  more  especially 
where  reasonably  large  quantities  are  used. 

The  Grignard  reagent  is  generally  prepared  by  adding  a  solu- 
tion of  the  appropriate  RX  compound  in  absolute  ether  to  mag- 
nesium turnings.  The  RMgX  compound  so  formed  is  quite 
sensitive  to  air,  a  small  amount  of  moisture,  in  particular, 
decomposing  a  relatively  large  amount  of  the  reagent.  Partly 
for  this  reason  and  the  uncertainty  concerning  its  stability,  the 
reagent  is  very  conveniently  used  directly  after  preparation. 
One  rarely  hears  of  "stock"  Grignard  reagent. 

It  has  been  found  that  ethyl  magnesium  bromide  in  ether  and 
phenyl  magnesium  bromide  in  ether,  when  protected  from  the 
air,  are  stable  after  a  period  of  two  months.  Parallel  experi- 
ments with  ethyl  magnesium  bromide  in  the  light  and  in  the 
dark  have  shown  that  daylight  is  without  influence  on  the  strength 
of  the  solution.  The  investigation  is  being  extended  to  a  variety 
of  typical  RMgX  compounds,  some  in  highly  concentrated 
ethereal  solutions,  over  a  longer  time  period. 

A  study  is  also  being  made  of  pastes,  of  so-called  "individual" 
compounds,  and  of  solvents  other  than  ether,  with  the  intention 
of  decreasing  tlie  fire  hazard  and  the  comparatively  large  expense 
attendant  on  the  use  of  ether  as  a  medium. 

Henry  Gilman 
Ciiari.es  H.  Meyers 
Department  of  Chemistry 

Iowa  State  Coi.eege,  Ames,  Iowa 
December  23.  1921 


Contamination  by  Aluminium  in  Analytical 
Work 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Considerable  trouble  has  been  met  in  the  courses  in  quali- 
tative analysis  at  the  University  of  Illinois  on  account  of  the 
appearance  of  decidedly  appreciable  amounts  of  aluminium 
during  the  course  of  the  procedure.  It  was  found  to  come  from 
two  rather  unexpected  sources. 

One  source  was  the  filter  papers  used.  These  papers  were 
purchased  for  the  usual  "qualitative"  grade,  and  behaved  very 
satisfactorily  so  far  as  holding  fine  precipitates  was  concerned. 
Upon  filtering  acid  solutions,  however,  enough  aluminium  was 
leached  out  to  give  decided  tests  for  this  element.  Sulfates 
and  traces  of  iron  were  also  detected.  Quantitative  examina- 
tion showed  that,  as  an  average  of  several  determinations,  a 
10-cm.  paper  contained  3  mg.  of  aluminium  and  iron  (computed 
as  AI2O3  and  FciOs),  to  say  nothing  of  considerable  amounts  of 
acid-soluble  silica.  The  source  of  this  contamination  can  only 
be  conjectured.  The  presence  of  the  aluminium  and  sulfate 
suggested  alum,  which  might  have  come  by  the  use  for  filter 
stock  of  trimmings  from  paper  mills  and  binderies,  which  would 
contain  alum  as  sizing.  The  acid-soluble  silica,  on  the  other 
hand,  indicates  clay,  which  is  sometimes  used  as  a  filler  for 
"weighting"  paper. 

A  second  source  of  aluminium  was  found  in  the  porcelain 
evaporating  dishes  used.  Digesting  acid  solutions  in  the  brand 
of  dish  which  has  been  used  in  this  laboratory  for  the  past  two 
or  three  yeai^  results  in  the  solution  of  various  amounts  of  alumin- 
ium and  silica,  particularly  if  the  glaze  has  been  broken  by  pre- 
vious use.  It  was  found  that  more  than  50  per  cent  of  the 
dishes  in  the  student  cupboards  would  show  a  mark  if  a  graphite 
pencil  were  drawn  across  their  interior  surfaces.  As  an  extreme 
example,  one  badly  pitted  dish  lost  6.9  mg.  upon  boiling 
6  N  HCl  in  it  for  15  min.  As  a  substitute  for  these  dishes,  the 
classes  in  qualitative  analysis  have  been  using  small  beakers, 
which  approximate  the  familiar  "Pyrex"  cooking  vessels  in 
composition.  These  were  found  very  satisfactory,  and  it  may 
be  interesting  to  note  that  the  indications  are  that  the  breakage 
accounts  of  the  students  will  be  reduced  somewhat  by  their  use. 

These  experiences  are  passed  along  to  the  rest  of  the  chemical 
brotherhood   "for  the  good   of  the  order." 

J.  H.  Reedy 

Chemic.'\i,    Laboratory 
University  of  Illinois 

Urbana,  Illinois 

November  16.  1921 


Holland's  Tariff  Situaj;ion 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  reading  Mr.  Watson  Davis'  interesting  article  on  conditions 
in  Europe  [This  Journal,  14  (1922),  73],  I  note  certain  some- 
what erroneous  statements. 

It  is  true,  as  Mr.  Davis  states,  that  Switzerland  and  Holland, 
as  neutral  border  states,  have  to  face  severe  competition.  What 
Switzerland  may  have  done  to  overcome  this  drawback  I  do  not 
know,  but  so  far  Holland  has  not  "raised  stringent  tarilT  barriers 
to  prevent  a  flood  of  goods  from  Germany,  Austria,  and  other 
low-wage-plane  countries."  Many  people  in  Holland  are  of  the 
opinion  that  only  such  a  barrier,  in  the  form  of  a  protective 
tarifl  bill,  can  save  our  trade  and  industry  from  gradual  economic 
starvation.  It  is  not  my  intention  to  discuss  this  question  here, 
but  simply  to  call  attention  to  a  misunderstanding  of  our  con- 
dition. In  my  opinion,  Holhuid's  economic  l)rcakdown  as  a 
consequence  of  Germany's  industrial  and  financial  policy  toward 
her  is  not  a  mere  ]ih;nitoin.  but  a  real  fact. 


H.  Baucke 


KONINO  &  BlKNEAIT 

Da  Costakadii  104,  .'\msteroam,  Holland 
Jamiury  19,  1922 
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Ramsay  Memorial  Fellowship 

The  Trustees  of  the  Ramsay  Memorial  Fund  have  requested 
the  National  Research  CouncU  to  nominate  a  Fellow  to  devote 
his  whole  time  to  research  in  chemistry  in  some  English  university 
upon  a  stipend  of  250  pounds  sterling  per  year,  with  an  additional 
allowance  of  50  pounds  for  apparatus.  The  National  Research 
Council  has  appointed  a  nominating  committee  consisting  of 
F.  G.  Cottrell,  Chairman  of  the  Division  of  Chemistry  and 
Chemical  Technology,  National  Research  Council,  Washington, 
D.  C;  E.  B.  Mathews,  Chairman  of  the  Division  of  Geology 
and  Geography,  National  Research  Council,  Washington,  D. 
C,  and  Professor  of  Mineralogy  and  Petrography,  Johns  Hop- 
kins University,  Baltimore,  Md.;  and  W.  E.  Tisdale,  Secretary 
of  the  Division  of  Physical  Sciences,  National  Research  Council, 
Washington,  D.  C. 

This  Committee  is  willing  to  receive  applications  from  any 
American  chemists  who  have  taken  a  degree  with  distinction 
in  chemistry  in  a  university  or  college  within  the  United  States, 
and  who  are  now  connected  with  a  university  or  college,  or  have 
recently  been  graduated  therefrom. 

The  appointment  will  be  for  the  academic  year  1922-1923. 
Under  the  general  regulations  of  the  Ramsay  Memorial  Fund, 
Fellows  are  eligible  for  reappointment. 

Applicants  should  furnish: 

1 — Certificates  or  other  satisfactory  evidence  of  birth,  health,  character, 
and  academic  or  other  distinctions. 

2 — A  written  application  stating: 

(a)   Education  and  employment  to  date,  and  particularly  the  nature, 
extent,  and  place  or  places  of  his  academic  studies  and  research. 

(6)  Particulars  of  the  work  and  place  of  work  proposed;  and 
(c)  The  names  and  addresses  of  not  more  than  three  references  well 
acquainted  (one  or  other  of  them)  with  the  health,  character,  capacity,  and 
career  of  the  applicant,  without,  however,  any  written  testimonials  from 
them  or  others.  One  of  the  references  should  be  a  teacher  under  whom  the 
candidate  has  studied,  or  a  high  official  of  his  university,  college,  or  other 
place  of  education. 

These  Fellowships  are  open  in  chemistry,  either  pure  or  applied, 
and  work  may  be  carried  on  at  any  university,  college,  or  other 
place  of  higher  education,  or  an  industrial  laboratory  within 
the  British  Empire.  Their  object  in  this  instance  has,  in  addi- 
tion to  the  stimulation  of  research,  the  special  earnest  wish 
on  the  part  of  English  scientists  to  cultivate  the  wider  acquain- 
tance and  good  fellowship  which  is  so  much  to  be  desired  between 
scientific  men  of  the  world. 

The  Ramsay  Memorial  Fund  for  research  in  chemistry  within 
the  British  Empire  was  founded  in  1920  to  commemorate  the 
services  to  chemistry  of  Professor  Sir  William  Ramsay,  K.C.B., 
F.R.S.,  with  an  initial  endowment  of  £14,000.  Since  that 
time  several  special  endowments  have  established  additions 
to  this  Fund,  and  special  Fellowships  with  appropriate  regula- 
tions are  granted  imder:  The  Glasgow  Special  Fund;  Royal 
Hellenic  Government  Special  Fund;  Federal  Government  of 
Switzerland  and  of  Swiss  Subscribers  Special  Fund ;  Royal  Italian 
Government  Fund;  Fimd  of  the  Honorary  Advisory  Council 
for  Scientific  and  Industrial  Research,  Canada;  Royal  Swedish 
Government  Special  Fund. 

Applications  should  be  mailed  before  April  15  to  W.  E. 
Tisdale,  Secretary,  1701  Massachusetts  Ave.,  Washington,  D.  C. 


American-Made  Chemicals 

Editor  of  the  Journal  of  Industrial  and  Engtneering  Chemistry: 

We  have  received  recently  from  two  large  American  univer- 
sities requests  for  quotations  on  chemicals  in  which  the  descrip- 
tion of  the  chemicals  with  comments  on  them  is  written  tn  German, 
in  several  cases  chemicals  of  German  origin  being  specified  which 
are  available  from  American  soiurces  in  the  United  States. 

It  is,  of  course,  not  likely  that  an  American  university  sup- 
ported by  American  funds  and  whose  students  hope  eventually 
to  find  positions  in   the  American  chemical  industries  would 


really  intend  to  exclude  American-made  chemicals  and  to  accept 
only  chemicals  of  foreign  origin. 

From  the  manufacturer's  point  of  view,  however,  it  is  impor- 
tant that  orders  be  in  English  because  the  naming  of  chemicals 
in  German  might  prevent  a  supply  house  from  supplying  Amer- 
ican chemicals,  even  though  they  had  the  latter  in  stock  and 
would  prefer  to  quote  on  them  under  other  conditions. 

I  venture  to  suggest  that  when  such  documents  are  recei\'ed 
written  in  German  from  American  sources  they  be  sent  back 
with  a  request  that  they  be  translated  into  English. 

C.  E.  K.  Mees 
Eastman  Kodak  Co. 
Rochester.  N.  Y. 
January  26,  1922 


Protecting  Metallic  Laboratory  Hardware 
and  Utensils  from  Corrosion 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry.- 
In  most  laboratories  there  are  acid  fumes  and  in  all  there 
are  metal  burners,  ring-stands,  tripods,  and  similar  tools.  This 
means  that  unless  much  pains  are  taken  there  is  often  consid- 
erable trouble  from  corrosion.  The  writer  has  found  that  to 
sand-blast  and  paraffin-dip  all  such  utensils  effectively  pre- 
serves them  even  from  the  fumes  of  strong  acids  in  hoods  and 
enclosed  places.  The  objection  to  enamel  baked  on  such 
tools  is  that  it  chips  off  and  exposes  the  metal,  but  the  rough 
surface  holds  the  softer  parafiin  in  place  in  spite  of  much  han- 
dling. Incidentally  this  method  is  quite  inexpensive.  A  steel 
vise  so  treated  and  in  daily  use  for  over  two  years  shows  little 
or  no  corrosion  in  a  laboratory  where  there  are  acid  fumes, 
continually. 

W.  G.  Btn-LARD 

Chemical  Laboratory 

United  Shoe  Machinery  Co. 

Beverly,  Mass. 

December  6.  1921 


An  Experimental  Study  of  the  Significance  of 

"Lignin"  Color  Reactions 

(Correction) 

In  my  paper  of  the  above  title,  published  in  This  Journal,  13- 
(1921),  625,  the  following  errors  on  page  626  escaped  correction: 

Column  1,  4th  line  from  bottom,  "light  transmission"  should  read  "light- 
absorption." 

Column  2,  line  2,  "bands  of  highest  transmission  (minima  of  absorption)"" 
should  read  "bands  of  absorption." 

Column  2,  line  4,  "11.30  for  safrol"  should  be  "13.35  for  safrol." 

Column  2,  line  5,  "minimum"  should  read  "maximum." 

Column  2,  line  8,  "minima"  should  read  "maxima." 


Ernest  C.  Crocker 


Massachusetts  Institute  of  Technology 
Cambridge,  Mass. 
January  9,  1922 


A  Revision  of  the  Optical  Method  for  Analyz- 
ing Mixtures  of  Sucrose  and  Raffinose 
(Correction) 

Three  typographical  errors  are  to  be  noted  in  the  paper  by 
C.  A.  Browne  and  C.  A.  Gamble  [This  Journal,  13  (1921),  793] . 

On  page  795,  Formulas  11  and  13  and  the  formula  for  N  shouldi 
contain  plus  signs  instead  of  multiplication  signs. 
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WASHINGTON  NOTES 


MuscLB  Shoals 

On  February  2  the  Secretary  of  War  sent  the  Henry  Ford 
Muscle  Shoals  offer  to  Congress,  accompanied  by  his  report  and 
appended  doci:nients,  which  included  a  detailed  analysis  of  the 
•offer  by  the  Chief  of  Engineers  and  by  the  Chief  of  Ordnance, 
and  on  February  6  he  transmitted  similar  data  to  the  Senate. 
The  House  referred  the  matter  to  the  Committee  on  Military 
Affairs  and  that  committee  started  its  public  hearings  on  February 
■8,'  the  Secretary  of  War  being  the  first  witness  to  appear  before 
the  committee.  He  stated  that  he  preferred  a  50-year  lease 
but  that  he  was  perfectly  willing  to  waive  this  personal  prefer- 
■ence  if  the  committee  preferred  the  100-year  period.  He  did 
not  understand  that  the  production  of  nitrates  by  Mr.  Ford  at 
Nitrate  Plant  No.  2  would  be  sufficient  in  amount  to  affect  the 
market  throughout  the  whole  country,  as  he  estimated  Mr. 
Ford's  output  would  not  be  more  than  one-thirtieth  or  one- 
fortieth  of  all  of  the  fertilizer  used  in  the  country.  He  felt  that 
while  there  was  no  reason  whatever  to  doubt  Mr.  Ford's  sincerity, 
there  was  nothing  in  the  agreement  to  prevent  his  successors 
from  abandoning  the  operation  of  the  plant  if  they  saw  fit  and 
hence  he  thought  that  there  should  be  some  guarantee  in  the 
contract  that  the  lessee  would  continue  to  manufacture  nitrates 
and  fertilizers  and  suggested  that  this  might  best  be  accomplished 
by  the  formation  of  a  company  so  that  the  contract  would  be 
with  the  company  rather  than  With  Mr.  Ford  personally. 

Major  General  Williams,  Chief  of  Ordnance,  followed  the 
Secretary  of  War  and  occupied  the  greater  part  of  one  day's 
sessions  in  explaining  valuations  of  properties  involved  in  the 
Ford  offer.  He  stated  that  it  had  cost  the  Government  about 
$88,000,000  to  construct  Nitrate  Plants  Nos.  1  and  2,  the  steam 
power  plant  at  Muscle  Shoals,  the  Waco  Lime  Quarry,  and  the 
•Gorgas  Warrior  plant  and  the  transmission  lines.  The  present 
value  of  these  plants  he  estimated  at  $16,000,000  and  their 
■scrap  value  at  $8,000,000. 

Major  General  Lansing  H.  Beach,  Chief  of  Army  Engineers, 
was  then  called  before  the  committee.  He  said  there  are  cer- 
tain features  in  the  100-year  lease  which  should  receive  con- 
sideration because  of  the  slowness  in  the  development  in  the 
market  for  power  in  that  locality.  He  also  felt  that  another  feature 
of  the  award  to  Mr.  Ford  which  deserved  consideration  was  the 
fact  that  the  Tennessee  River  possesses  an  immense  potentiality 
with  regard  to  water  power  development.  He  stated  that  there 
is  no  stream  in  the  country,  considering  the  amount  of  water 
which  it  carries  and  the  steepness  of  its  slope,  which  will  furnish 
the  amount  of  water  power  that  the  Tennessee  River  does,  ex- 
cept perhaps  the  St.  Lawrence. 

Colonel  Hull,  Acting  Judge  Advocate  General,  was  the  next 
witness  and  answered  questions  relative  to  the  legal  aspect  of 
the  Ford  proposal. 

Mr.  Ford  did  not  appear  before  the  committee,  but  was 
represented  by  Mr.  W.  B.  Mayo,  engineer,  who  stated  that  Mr. 
Ford  was  not  willing  to  modify  his  proposal  in  any  way  except 
to  clarify  the  language  and  that  he  would  not  consider  a  50- 
year  proposal.  It  is  his  plan  to  use  Nitrate  Plant  No.  1  to  make 
the  raw  materials  that  go  into  the  manufacture  of  automobiles 
and  Nitrate  Plant  No.  2  for  the  manufacture  of  fertilizers.  He 
further  intends  to  use  all  the  power  developed  at  the  various 
Muscle  Shoals  plants  for  his  own  piuposes. 

The  Senate  has  referred  the  Ford  proposal  to  the  Committee 
•of  Agriculture  and  Forestry,  and  the  committee  will  hold  its 
first  public  hearings  on  February  16.  The  proponents  of  the 
Ford  measure  feel  that  their  cause  is  in  the  hands  of  friends  with 
this  committee  and  those  opposed  to  the  Ford  proposal  feel  that 
they  will  be  well  taken  care  of  in  the  House  Committee  on  Mili- 
tary Affairs. 

The  Dye  Probe 

The  subcommittee  of  the  Judiciary,  appointed  to  investigate 
the  dye  and  chemical  industry,  has  been  completed  with  Senator 
Shortridge  of  California  as  chairman.  The  other  members  of 
the  committee  are  Senator  Reed  of  Missouri  and  Senator  Ernst 
of  Kentucky.  The  support  of  chemical  manufacturers  through- 
out the  country  has  been  pledged  to  the  conunitlee  by  Dr.  Chas. 
H.  Herty  in  his  capacity  as  President  of  the  Synthetic  Organic 
Chemical  Manufacturers  Association,  and  R.  C.  Jeffcott,  Presi- 
dent of  the  American  Dyes  Institute,  has  written  to  the  committee 
offering  to  coiiperate  with  them  and  facilitate  their  labors  in 
•every  way.     The  public  hearings  began  February  20. 


Patent  Office  Relief 
On  February  14  the  vSenate  passed,  without  amendment,  the 
Patent  Office  relief  bill.  It  begins  to  look  as  if  the  bill  will  be- 
come a  law  before  This  Journal  issues  and  that  a  measure  of  re- 
lief is  in  sight  for  the  Patent  Office  which  now  has  on  hand  62,000 
applications  for  patents  aside  from  6000  applications  for  trade- 
marks and  designs — more  work  than  was  received  in  that  office 
for  any  entire  year  up  to  1909  and  enough  work  to  keep  the 
Patent  Office  busy  if  it  closed  its  doors  and  did  not  do  any  new 
work  for  the  rest  of  the  year. 

Standardization  of  Glassware 
At  the  request  of  the  Section  of  Physics  and  Chemistry  of  the 
Association  of  Scientific  Apparatus  Makers  of  the  United  States 
of  America,  the  Bureau  of  Standards  called  a  conference  of 
manufacturers  of  chemical  glassware  and  representatives  of  users 
and  dealers  to  consider  the  standardization  of  sizes  and  shapes  of 
beakers,  flasks,  and  other  lines  of  apparatus.  The  conference 
opened  at  the  Bureau  of  Standards  at  10  o'clock  on  January  28 
and  later  adjourned  to  the  Shoreham  Hotel. 

The  manufacturers  expressed  a  willingness  to  cooperate  in  the 
unification  and  standardization  of  sizes  and  shapes  along  the  lines 
of  the  recommendations  of  the  Committee  on  Guaranteed 
Reagents  and  Standard  Apparatus  of  the  American  Chemical 
Society  which  have  previously  been  published  in  This  Journal, 
13  (1921),  1070,  and  a  subcommittee  was  appointed  by  the 
conference  to  work  out  the  details  of  this  standardization.  The 
working  committee  consists  of  representatives  of  the  Corning 
Glass  Works,  the  Kimble  Glass  Co.,  the  Vineland  Flint  Glass 
Co.,  and  Whitall  Tatum.  Mr.  Walter  Eimer  was  authorized  to 
serve  as  executive  officer. 

Metric  System  Referendum 
At  a  meeting  of  the  National  Council  of  the  Chamber  of  Com- 
merce of  the  United  States  on  the  afternoon  of  February-  9,  at 
the  Washington  Hotel,  Washington,  D.  C,  the  question  "Shall 
there  be  legislation  for  the  compulsory  adoption  of  the  metric 
system?"  was  discussed.  The  report  to  the  Board  of  Directors 
by  the  Special  Committee  on  the  Metric  System  was  read  by 
Mr.  Edmund  D.  Fisher,  chairman  of  the  committee.  This  report 
favored  the  taking  of  a  referendum  throughout  the  country  on 
the  question  of  the  adoption  of  the  metric  system,  and  suggested 
the  wording  of  the  question  substantially  in  accord  with  the 
Ladd  bill  now  before  Congress.  After  addresses  on  the  advant- 
ages of  the  metric  system  by  Howard  Richards,  Jr.,  Secretary  of 
the  American  Metric  Association,  and  on  the  disadvantages  of 
the  system  by  W.  C.  Wilson,  Assistant  to  the  President  of  the 
American  Institute  of  Weights  and  Measures,  a  lively  discussion 
took  place  during  the  course  of  which  both  sides  were  presented 
in  detail.  At  the  close  of  the  discussion,  the  Council  passed  a 
resolution  recommending  the  postponement  of  the  referendum 
to  a  more  fitting  time. 

Recovery  of  Potash  Lost  in  Washing  Wool 
A  small  wool  washer  made  for  recovering  potash  from  fleeces 
in  a  solution  of  sufficient  concentration  to  make  the  recovery  of 
the  potash  profitable  has  been  designed  and  is  being  tried  out 
by  the  Bureau  of  Chemistry.  It  is  said  that  the  average  fleece 
contains  about  4  per  cent  of  potash  by  weight,  but  in  the  ordinary 
method  of  washing  wool  it  comes  out  in  such  dilute  solution  that 
it  does  not  pay  to  recover  the  salt. 

About  600,000,000  lbs.  of  wool  are  scoured  in  the  United 
States  each  year,  and  if  only  3  per  cent  of  potash  are  recovered 
it  would  amount  to  18,000,000  lbs.  of  actual  potash  that  would 
be  available  for  use  in  fertilizers.  Some  nitrogen  is  also  recov- 
ered from  wool  along  with  the  potash. 


The  United  States  Tariff  Commission  has  expanded  its  census 
of  dyes  and  coal-tar  chemicals  to  include  other  synthetic  organic 
chemicals.  The  prompt  return  of  the  schedules  by  the  manu- 
facturers it  is  hoped  will  in.sure  earlier  publication  of  the  census 
than  has  heretofore  been  possible. 


The  National  Agricultural  Conference  which  assembled  in 
Washington  at  the  call  of  Secretary  of  Agriculture  Wallace 
adjourned  on  January  28  after  adopting  a  resolution  favoring  the 
acceptance  of  the  Henry  Ford  offer  for  Muscle  Shoals. 

February  H.  1922 
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LONDON   LETTER 


By  Stephen  Miall,   157  Haverstock  Hill,  N,  W.  3,  Hampstead,  England 


I  have  heard  no  regrets  that  the  year  1921  has  now  come  to 
a  close.  It  has  been  the  worst  year  for  chemical  industry  in 
history.  There  may  have  been  in  the  middle  ages  worse  years 
from  the  point  of  view  of  the  progress  and  well-being  of  man- 
kind, but  in  those  early  days  applied  chemistry,  as  such,  did 
not  e.xist. 

We  seem  here — it  may  be  a  delusion — but  we  seem  to  have 
passed  the  worst  of  the  depression.  The  textile  industries  are 
a  little  better  than  they  were,  the  engineering  industries  are 
no  worse;  they  hardly  cquld  be.  The  home  markets  are  on 
the  whole  not  quite  so  stagnant  as  they  were  six  months  ago, 
and  the  export  business  seems  to  be  a  little  brighter.  Of  the 
manufacturers  of  chemicals,  no  large  firm  has  gone  into  liquida- 
tion, and  of  the  merchants  very  few.  The  soap  industry  seems 
now  to  be  blessed  by  a  number  of  orders  and  in  some  other 
branches  of  industry  the  outlook  is  brighter.  No  reasonable 
man  here  expects  good  trade  in  1922  but  almost  all  think  it  will 
be  better  than  during  the  last  few  months.  The  political  hori- 
zon has  undoubtedly  cleared  even  in  Europe,  where  fears  and 
animosities  dating  back  a  few  centuries  are  apt  to  flare  up  at 
intervals  because  some  sentiment  of  nationality  or  something 
equally  unsubstantial  has  been  aroused.  It  happens  that  this 
continent  is  at  the  moment  fairly  peaceably  inclined  and  it  is 
quite  possible  that  in  the  course  of  the  current  year  some  of  the 
old  antagonisms  will  die  down.  It  is,  of  course,  hopeless  to 
expect  the  Prussians  to  be  friendly  with  the  French  or  the  Turks 
with  the  Greeks,  but  we  may  get  to  the  stage  where  they  can 
do  business  together. 


Sometimes  in  the  English  papers  we  read  of  developments  in 
applied  chemistry  but  when  they  are  closely  investigated  they 
turn  out  to  be  waiting  for  further  capital  or  something  of  that 
sort.  This  is  the  fate  of  the  Claude  process  for  synthetic  am- 
monia here  and  of  other  means  of  getting  rich  beyond  the  dreams 
of  avarice. 

I  have  after  a  good  deal  of  search  come  across  one  develop- 
ment actually  in  being^not  an  epoch-making  one,  certainly, 
but  of  interest  for  all  that^an  improved  method  of  making 
sodium  silicate.  Instead  of  dissolving  the  lumps  of  crude  sodium 
silicate  obtained  by  roasting  together  soda-ash  and  sand,  and 
then  evaporating  the  aqueous  solution  to  a  sirup,  the  new  method 
introduces  into  a  ball-mill  a  limited  quantity  of  water  and  the 
lumps  of  crude  silicate,  which  are  ground  up  together  until  a 
mass  is  obtained  which  sets  to  a  solid  on  cooling  and  contains 
75  per  cent  of  silicate.  The  new  process  is  operating  on  a  con- 
siderable scale  in  South  Yorkshire  and  is  said  to  be  successful. 
The  owners  of  the  works  claim  a  very  considerable  saving  by 
eliminating  the  usual  dissolving  and  evaporation.  Probably 
the  process  with  some  modifications  is  capable  of  being  adapted 
to  other  varieties  of  manufacture. 


Those  engaged  in  low-temperature  carbonization  of  coal 
continue  to  speak  with  confidence  of  the  satisfactory  working 
of  the  plant  at  Barnsley,  and  they  promise  to  disclose  some 
new  features  a  month  or  two  hence.  If  these  claims  are  well 
founded  I  hope  to  visit  the  works  again  and  to  give  a  detailed 
description  of  the  novel  features. 

January  9,  1922 


PARIS  LETTER 


By  Charles  Lormand,  4  Avenue  de  I'Observatoire,  Paris,  France 


Patent  Reform 

French  inventors  are  under  the  law  of  1844  in  the  matter  of 
industrial  ownership.  This  legislation  has  been  recognized  as 
superannuated  for  a  long  time,  and  a  campaign  for  its  reform 
is  now  being  conducted.  The  chemists,  who  are  the  inventors 
most  frequently  involved,  are  specially  active  in  this  campaign. 

For  instance,  a  scientific  communication  made  by  the  Academie 
des  Sciences  or  in  one  of  the  chemical  societies  becomes  public 
property,  by  this  very  fact,  especially  if  a  patent  has  not  been 
taken  out  at  the  same  time.  Furthermore,  it  may  happen 
that  a  scientific  communication  may  not  contain  patentable 
material,  though  it  may  possess  the  highest  technical  interest; 
it  does  not  always  constitute  a  novelty,  but  frequently  it  may 
involve  a  condition  of  reaction  which  may  lead  to  a  great  in- 
dustrial improvement.  Also,  certain  chemists  take  out  patents 
but  do  not  immediately  find  manufacturers  and  financiers  to 
make  possible  their  development ;  patent  fees  are  paid  for  some 
years;  then  the  chemist  becomes  discouraged  and  stops  these 
payments.  Some  time  later  he  is  surprised  to  see  his  patents 
and  processes  put  into  operation. 

All  these  gaps  would  need  to  be  filled  by  creating  what  the 
Syndical  des  Inventeurs,  who  are  at  the  head  of  the  movement, 
call  "le  droit  de  suite,"  a  right  which  would  obviously  be  limited 
to  a  certain  period,  fifty  years,  for  example.  There  would  be 
an  almost  complete  fusion  between  this  droit  and  what  we 
French  call  "le  droit  d'auteur."  Scientific  treatises  would  be 
deposited,  just  as  models  or  machines,  and  to  this  depot  the 
droit  d'auteur  would  be  paid  by  the  concessionaire. 

Chemists  differ  on  the  question  of  how  to  know  whether  or 
not  a  new  compound  should  be  patented,  and  after  a  long  dis- 
cussion at  the  Congress  of  Industrial  Chemistry  it  was  decided 
that  a  new  chemical  compound  could  be  patented  as  a  new  in- 
dustrial product,  but  that  the  holder  of  the  patent  would  be 
obliged  to  grant  a  license  to  any  inventor  who  found  a  better 
method  of  preparation  for  this  product.  The  conditions  of  this 
license  would  be  settled  by  agreement  of  those  interested  or 
fixed  by  the  authorities. 


Further,  the  vote  was  passed  that  patents  of  chemical  products 
could  be  expropriated  by  the  State  for  public  use. 

Proposed  Research  CouNcn, 

The  French  Senate  is  now  considering  a  first  draft  of  a  law 
organizing  an  "Office  national  des  recherches  scientifiques, 
industrieUes  et  agricoles."  This  organization  is  modeled  on 
the  National  Research  Council  in  the  United  States. 

This  plan  has  been  fought  from  the  first  by  Parliament,  who 
see  in  it  a  duplication  of  the  laboratories  of  the  big  teaching 
establishments  of  the  state.  It  has  been  decided  that  the  part 
of  the  new  office  would  be  one  of  coordination  between  the  dif- 
ferent I  laboratories,  not  only  of  the  state  but  also  of  private 
industry.  There  have  been  established  in  France  some  labora- 
tories analogous  to  the  Mellon  Institute,  and  these  organizations 
would  cooperate  in  the  work  of  this  office. 

American  Degrees  for  Sale 

An  ill- worded  ^announcement  which  appeared  in  a  French 
chemical  paper  has  disturbed  a  number  of  our  American  friends. 
Individuals  without  authority  have  been  offering  to  secure 
advanced  degrees  in  American  universities  upon  payment  of 
a  sum  of  money.  I,  who  have  seen  many  of  your  universities 
and  laboratories,  know  that  a  degree  can  be  obtained  only  by 
serious  research  work.  The  activity  of  the  numerous  American 
chemical  societies  and  their  many  publications  are  still  further 
witnesses  that  students  at  the  universities  are  forwarding  science 
and  that  the  diplomas  are  the  fruit  of  their  labor.  It  is  no  less 
true  that  many  French  chemists  have  received  from  America 
circulars  offering  to  secure  these  diplomas. 

In  France,  we  are  publishing  notices  discrediting  this,  but  it 
would  also  h&  well  if  the  foreign  ambassadors  of  the  United 
States  would  publish  an  advertisement  in  order  to  avoid  such 
attempted  trickery  in  the  future. 

January  8,  1922 
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OBITUARIES 


Chai'les  Baskerville 

Charles  Baskerville,  chemist,  cultured  gentleman,  and  loyal 
friend,  died  of  pneumonia  on  the  night  of  January  28  at  his 
home  in  New  York  City.  For  nearly  four  weeks  he  had  fought 
a  brave  but  losing  fight  for  his  life.  The  news  of  his  death  has 
brought  sadness  and  a  deep  sense  of  personal  loss  to  his  friends 
in  many  states  of  the  Union  and  to  those  outside  its  bounds 
who  had  learned  to  esteem  him  and  to  value  his  friendship. 
The  mere  outline  of  his  life  and  scientific  achievements  can  tell 
but  part    of  the   story  to  those  who  knew  him  best  and  were 

nearest  to  him. 

Dr.  Charles  Basker- 
ville was  born  in 
Mississippi  June  18, 
1870.  Entering  the 
University  of  Missis- 
sippi at  sixteen  years 
of  age,  he  completed 
two  years  of  aca- 
demic study  there. 
Later  he  spent  a  year 
at  Vanderbilt  Univer- 
sity and  further  pur- 
sued his  studies  at  the 
University  of  Virginia, 
devoting  himself  es- 
pecially to  the  study  of 
chemistry  under  Mallet. 
In  1891,  he  came  to 
the  University  of  North 
Carolina  as  part-time 
assistant  in  chemistry 
and,  on  completing  the 
requirements,  in  1894 
received  the  Ph.D.  degree.  While  on  leave  of  absence  for  part 
of  1893  he  studied  under  Hofmann  at  the  University  of 
Berlin. 

During  the  fourteen  years  of  his  connection  with  the  Univer- 
sity of  North  Carolina  he  advanced  from  assistant  to  assistant 
professor,  associate  professor,  professor,  and,  from  1900  to  1904, 
head  of  the  department  of  chemistry.  He  proved  himself  an 
able  teacher  and  kept  in  close  touch  with  his  students,  showing 
a  keen  and  sympathetic  interest  in  all  that  concerned  them, 
especially  in  their  athletic  sports  where  he  acted  as  adviser  and 
friend. 

From  the  beginning  of  his  graduate  career  he  entered  with 
zealous  energy  upon  scientific  investigation.  His  special  in- 
terest lay  in  the  field  of  the  rare  earths  and  many  articles  were 
contributed  by  him  to  the  Society's  Journal. 

He  became  a  member  of  the  American  Chemical  Society  in 
1894  and  later,  as  councilor  and  chairman  of  important  com- 
mittees, rendered  much  valuable  service.  He  was  one  of  the 
most  constant  attendants  upon  the  annual  meetings,  effectively 
laboring  for  the  best  interests  of  the  Society.  He  was  also  a 
Fellow  of  the  London  Chemical  Society;  a  member  of  the 
Society  of  Chemical  Industry;  of  the  American  Electrochemical 
Society;  of  the  New  York  Academy  of  Sciences;  of  the  Franklin 
Institute;  and  of  the  American  Association  for  the  Advance- 
ment of  Science. 

In  1904  he  became  professor  of  chemistry  and  director  of  the 
laboratory  at  the  College  of  the  City  of  New  York,  designing 
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and  supervising  the  erection  of  the  new  laboratory.  His  interest 
in  research  continued,  tending  more  and  more  to  the  technical 
or  applied  side  of  chemistry,  and  this  at  last  practically  occupied 
his  attention.  In  this  connection  may  be  mentioned  his  work 
on  anesthetics,  fats,  oils,  paper  recovery,  and  other  important 
matters.  Several  books  have  been  published  by  him,  including 
a  te.\t  for  schools,  several  for  college  classes,  an  account  of  the 
investigations  upon  the  radioactive  substances,  and  a  volume  on 
anesthetics. 

This  necessarily  brief  outUne  reveals  but  little  of  the  indomi- 
table energy  of  the  man,  his  multifarious  activities,  and  the  fine 
service  rendered  to  the  communities  of  which  he  was  at  any  time 
a  member.  Bright,  cheery,  with  most  attractive  personal 
characteristics  and  gifted  in  many  ways,  he  will  be  greatly  missed 
and  his  memory  will  be  kept  fresh  by  his  many  associates  and 
friends.  F.  P.  Venable 


William  Frear 

In  the  early  morning  hours  of  January  7,  1922,  William  Frear 
died  from  an  apoplectic  stroke,  suddenly,  at  his  home  in  State 
College,  Pa.  Chemistry  lost  an  indefatigable  worker,  one  of 
the  pioneers  of  the  science  as  applied  to  agriculture,  in  general, 
and  to  food  production  and  legal  regulation,  in  particular.  His 
associates  lost  a  zealous  and  inspiring  co-worker,  a  patient 
thinker,  a  prudent  counselor,  and  a  true  friend. 

He  was  born  March  24,  1860,  at  Reading,  Pa.,  the  son  of 
the  Rev.  George  Frear  and  Malvina  (Rowland)  Frear.  After 
preparation  in  the  public  schools,  he  studied  at  Bucknell  Uni- 
versity (B.A.  1881),  Harvard  University,  and  Illinois  Wesleyan 
University  (Ph.D.  1883). 

On  completion  of 
these  studies,  Dr.  Frear 
immediately  entered  the 
government  service  un- 
der the  newly  appointed 
Chief  Chemist,  Dr.  H. 
W.  Wiley.  In  1885,  he 
received  the  appoint- 
ment of  Assistant  Pro- 
fessor of  Agricultural 
Chemistry  at  the  Penn- 
sylvania State  College 
where  he  was  soon  rec- 
ognized as  a  leader  in 
his  subject,  both  in  the 
College  and  in  the  State 
Experiment  Station.  He 
maintained,  however, 
official  and  active  associ- 
ation with  the  Federal 
service,  doing  notable 
pioneer    work    in     the 

formative  period  of  the  enactment  of  Food  and  Drug  laws, 
both  State  and  Federal.  As  fundamental  to  and  preparatory 
for  this  legislation,  the  Committee  on  Food  Standards  was 
appointed.  As  chairman  of  this  Committee,  it  was  Dr.  Frcar's 
duty  to  conduct  a  vohniiinous  correspondence,  make  extensive 
literature  searches,  hold  hearings  at  which  antagonistic  interests 
were  in  action,  sift  the  evidence  judicially,  and  draw  a  con- 
clusion. The  industry,  care,  thought,  and  tact  which  he  dis- 
played in  this  work  is  probably  known  only  to  the  very  few  who 
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were  closely  associated  with  him.  The  point  of  view  and  method 
of  the  scientific  investigator  is  also  too  generally  overlooked  in 
this  work.  His  services  were  again  called  for  when  in  1914 
there  was  established  the  Joint  Committee  on  Definitions  and 
Standards,  of  which  he  was  chairman  at  the  time  of  his  death. 

As  a  true  pioneer  in  agricultural  college  teaching  and  e.xperi- 
ment  station  work,  the  scope  of  his  interest  and  of  his  scientific 
production  was  wide,  including  meteorology,  lime  production 
and  use,  tobacco  culture,  soiling  crops,  composition  of  foods 
and  feeds,  including  forage  plants,  laws  to  control  the  production 


and  sale  of  fertilizers,  foods  and  drugs,  and  kindred  subjects. 

The  list  of  scientific  societies  of  which  he  was  a  member  and 
the  positions  of  honor  and  responsibility,  which  he  held  in 
these  societies  and  in  his  official  life,  testify  to  a  life  of  remark- 
able breadth  and  high  endeavor. 

His  social  and  civic  activities  were  equally  broad,  keeping 
him  engaged  continually  for  his  family,  his  neighbor,  his  church, 
his  town,  his  state,  and  his  country.  He  well  fulfilled  the  specifi- 
cation of  Phillips  Brooks  for  a  "four-square  man." 

Isaac  King  Phelps 


Personals 


Industrials 


Charles  A.  Roos,  president  of  the  firm  of  Charles  A.  Roos. 
Inc.,  429  East  91st  Street,  New  York,  N.  Y.,  manufacturers  of 
copper  chemical  equipment,  died  suddenly  of  heart  disease  on 
the  afternoon  of  Wednesday,  January  11,  1922,  in  the  New  York 
Athletic  Club,  of  which  he  had  been  a  member  for  more  than 
twenty  years.  Mr.  Roos  collapsed  just  as  he  was  about  to  enter 
the  water  of  the  swimming  pool. 

Mr.  Roos,  who  was  sixty-three  years  old,  was  bom  in  New 
York  and  was  widely  known  through  his  various  business  inter- 
ests. His  firm  not  only  manufactured  much  of  the  copper 
chemical  equipment  used  in  synthetic  organic  chemical  manu- 
facturing plants  around  New  York  City,  but  also  produced  a 
large  amount  of  the  copper  equipment  used  by  the  large  brewer- 
ies in  this  vicinity.  It  is  understood  that  the  business  will  be 
carried  on  under  the  direction  of  his  son,  Mr.  Charles  A.  Roos, 
Jr.,  who  has  been  general  manager  of  the  concern  for  some 
years. 

Frank  R.  Eldred,  for  many  years  chief  chemist  and  director 
of  the  scientific  division  of  Eli  Lilly  &  Co.,  and  Frederick  C. 
Atkinson,  chemical  director  of  the  American  Hominy  Co., 
manufacturers  of  cereal  products,  vegetable  oils,  sugars,  and 
sirups,  have  organized  the  firm  of  Eldred  and  Atkinson,  con- 
sulting chemists  and  engineers,  with  offices  at  48  East  41st 
St.,  New  York  City,  and  1857  Gent  Ave.,  Indianapolis.  Mr. 
Eldred  will  have  charge  of  the  New  York  office  while  Mr.  At- 
kinson will  remain  in  Indianapolis. 

Mr.  W.  S.  Frisbie  recently  resigned  his  position  as  Chief 
of  the  Bureau  of  Food,  Drugs  and  Oil,  State  Department  of 
Agriculture  of  Nebraska,  to  accept  an  appointment  as  Chemist 
in  Charge  of  the  Office  of  Cooperation,  Bureau  of  Chemistry, 
Washington,  D.  C. 

Mr.  Jerome  Alexander  has  recovered  from  his  lengthy  ill- 
ness and  has  become  president  of  the  Uniform  Adhesive  Co., 
Inc.,  Brooklyn,  N.  Y,,  manufacturers  of  glues,  gums,  pastes, 
and   adhesives. 

Mr.  Ernest  W.  Dean  of  the  Bureau  of  Mines  Experiment 
Station,  Pittsburgh,  Pa.,  has  resigned  from  the  Bureau,  and  is 
now  with  The  Standard  Oil  Company  of  New  Jersey. 

Dr.  Paul  E.  Klopsteg,  formerly  with  the  Leeds  &  Northrup 
Co.,  Philadelphia,  Pa.,  is  now  with  the  Central  Scientific  Co., 
Chicago,  lU. 

Mr.  John  P.  Harris,  chemical  engineer  for  the  AUbright- 
Nell  Co..  formerly  of  New  York,  is  now  located  at  829  New  York 
Life  Building,  Kansas  City,  where  he  will  represent  the  All- 
bright-Nell  Company  in  the  southwest. 

Dr.  W.  W.  Skinner,  Assistant  Chief  of  the  Bureau  of  Chem- 
istry, has  been  elected  chairman  of  the  Joint  Committee  on  Defi- 
nitions and  Standards  to  succeed  Dr.  William  Frear,  deceased. 

Mr.  E.  M.  Bailey,  Agricultural  Experiment  Station,  New 
Haven,  Conn.,  has  been  appointed  as  the  representative  of  the 
Association  of  Official  Agricultural  Chemists  on  this  committee 
to  fill  the  vacancy  caused  by  the  death  of  Dr.  Frear. 

Mr.  John  Helfrich,  who  for  the  past  four  years  served  as  man- 
ager of  the  Information  Bureau  of  the  Chemical  Catalog  Co., 
Inc.,  and  who  was  in  charge  of  the  Service  Department  of  This 
Journal,  has  resigned  to  establish  an  office  at  the  Chemists' 
Club  Building,  New  York  City,  as  a  consulting  chemist  specializ- 
ing in  the  development  of  products  that  find  an  application  in  the 
leather  industry.  Prior  to  his  association  with  the  Chemical 
Catalog  Co.,  Mr.  Helfrich  was  engaged  in  the  leather  industry  as 
chemist  and  assistant  plant  superintendent. 


The  Bethlehem  Laboratories,  Inc.,  a  S5,000,000  corporation,, 
has  been  organized  in  Pittsburgh  to  manufacture  a  new  anti- 
septic, known  as  hyclorite,  which  is  said  to  possess  175  times 
the  germicidal  strength  of  hydrogen  peroxide.  Among  the  in- 
corporators are  Homer  D.  Williams,  president,  Carnegie  Steel 
Co. ;  Taylor  AUerdice,  vice  president.  National  Tube  Co. ;  and 
Dr.  J.  J.  Reilly,  U  S.  Shipping  Board.  The  plans  of  the 
corporation  include  the  construction  of  a  modem  chemical 
plant  in  Pittsburgh. 

At  the  annual  meeting  of  the  stockholders  of  Monsanto- 
Chemical  Works,  the  following  directors  were  elected :  John  F. 
Queeuv,  Gaston  DuBois,  Edgar  M.  Queeny,  Theodore  Rassieur, 
H.  O.McDonough,  J.  D.  Lumaghi,  and  J.  R.  Goodall.  The 
following  officers  have  been  elected  for  the  year  1922:  John  F. 
Queeny,  chairman  of  the  board;  Gaston  DuBois,  president; 
H.  O.  McDonough,  vice  president;  W.  R.  Phemister,  treasurer; 
Edgar  M.  Queeny,  secretary;   C.  A.  Zacher,  assistant  secretary. 

The  Commonwealth  Edison  Company  of  Chicago  has  opened 
a  new  $10,000,000  power  plant,  which  when  completed  will 
generate  250,000  h.  p.  It  is  planned  later  to  build  another 
250,000  h.-p.  station  on  the  shores  of  Lake  Michigan  at  Wauke- 
gan,  which  will  fit  into  a  scheme  of  electric  superpower  develop- 
ment of  Wisconsin,  Illinois,  and  Indiana.  The  Chicago  system 
has  become  the  hub  of  a  network  of  interconnected  electric  trans- 
mission Imes  in  the  upper  Mississippi  Valley  which  spreads  nearly 
to  Minneapolis  on  the  north,  southwest  to  the  Mississippi  River, 
and  south  to  the  coal  fields  of  Kentucky. 

The  Dmg  and  Chemical  Section  of  the  New  York  Board  of 
Trade  and  Transportation  has  elected  Frank  C.  Starr.  Sharp  & 
Dohme,  chairman;  August  Wasserschied,  Mallinckrodt  Chemi- 
cal Works,  vice  chairman;  William  A.  Hamann,  Roessler  & 
Hasslacher  Chemical  Co.,  treasurer;  WUUam  F.  McConnell, 
secretary;  Clement  C.Speiden,  Innis  Speiden  &  Co.,  representa- 
tive of  the  Section  in  the  Board  of  Trade  and  Transportation. 

E.  L.  Pierce,  president  of  the  Solvay  Process  Co.,  Syracuse 
N.  Y.,  has  resigned,  and  will  be  succeeded  by  E.  D.  Winkworth, 
president  and  executive  vice  president  of  the  Semet-Solvay  Com- 
pany. Mr.  Pierce  has  also  resigned  his  position  as  vice  president 
and  director  of  the  Allied  Chemical  and  Dye  Corporation. 

The  Dyestuff  Department  of  E.  I.  du  Pont  de  Nemours  & 
Co.,  Inc.,  has  recently  been  reorganized  with  a  view  to  the 
better  handling  of  the  technical  and  commercial  problems  of 
the  industry.  F.  W.  Pickard,  vice  president,  has  been  relieved 
of  his  duties  on  the  executive  committee  to  become  general 
manager,  with  W.  F.  Harrington  as  assistant.  C.  A.  Meade, 
vice  president  and  former  general  manager,  and  M.  R.  Poucher, 
former  director  of  sales,  have  been  made  executive  staff  officials. 
Both  are  directors  of  the  company.  Cesare  Protto,  formerly 
assistant  to  Mr.  Poucher,  has  been  made  director  of  sales. 

The  Combustion  Engineering  Corporation  has  opened  a 
branch  office  at  806  First  National  Bank  Building,  Pittsburgh, 
Pa.,  in  charge  of  Mr.  W.  C.  Stripe,  formerly  manager  of  the 
Philadelphia  office. 

The  National  Aniline  &  Chemical  Co.,  Inc.,  has  announced 
the  production  of  two  new  dyes.  National  wool  green  S  and 
National  quinoline  yellow. 

The  Argentine  Army  has  just  placed  its  first  order  for  American' 
ammunition  with  E.  I.  du  Pont  de  Nemours  &  Co.  Previously 
a  large  part  of  the  army's  ammimition  was  purchased  through 
German  concerns. 
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The  Vitamins.  By  H.  C.  Sherman,  Professor  of  Food  Chem- 
istry, Columbia  University,  and  S.  L.  Smith,  Specialist  in 
Biological  and  Food  Chemistry,  U.  S.  Department  of  Agri- 
culture. American  Chemical  Society  Monograph  Series. 
260  pp.  Book  Department,  The  Chemical  Catalog  Company, 
Inc.,  New  York,  1922.     Price,  $4.25. 

Barely  a  decade  has  elapsed  since  the  word  "vitamin"  was 
originated;  yet  to-day  it  is  found  not  only  in  contributions 
to  scientific  journals  but  also  in  the  pages  of  the  popular  maga- 
zines and  newspapers  and  on  the  billboards  by  the  highways. 
After  all,  it  is  not  utterly  surprising  that  the  vitamins  have  be- 
come something  to  conjure  with.  Anyone  who  has  actually 
followed  the  demonstrations  of  the  unique  physiologic  potencies 
of  these  hitherto  unidentified  factors  in  nutrition — substances 
which  promote  well-being  not  by  furnishing  energy  in  mea- 
surable calories  or  foodstuffs  in  grams  but  rather  by  contributing 
some  "little  item"  in  food  that  spells  nutritive  success — can 
better  appreciate  the  unanticipated  significance  of  their  dis- 
covery. 

Quite  naturally  there  has  been  and  still  is  much  confusion 
and  misunderstanding  about  vitamins,  what  they  are,  where 
they  occur,  and  how  they  function.  Most  contributions  to 
science  that  lend  themselves  readily  to  popular  exposition  ex- 
perience a  similar  history.  There  is  at  present  an  insistent  de- 
mand for  information  that  shall  not  be  merely  guesswork  or 
superficial  compilation.  The  intelligent  interpretation  of  a 
scientific  subject  still  in  the  making,  yet  already  comprising  re- 
sults recorded  in  a  thousand  or  more  contributions  to  technical 
journals,  requires  an  expert  who  is  more  than  a  mere  abstractor. 
It  is,  indeed,  fortunate  that  Professor  Sherman  and  his  colleague, 
experienced  in  the  investigation  of  vitamins  and  related  aspects 
of  nutrition,  have  undertaken  the  timely  task  of  preparing  this 
monograph  for  the  American  Chemical  Society's  series.  The 
contribution  is  comprehensive  without  being  too  diffuse.  It 
reviews  the  history  of  the  subject,  the  properties  and  distri- 
bution of  the  three  now  recognized  specific  vitamins,  their  re- 
lation to  certain  "deficiency  diseases,"  and  the  place  of  vitamins 
in  the  problem  of  the  food  supply.  The  review  of  the  successive 
discoveries  which  led  to  the  development  of  the  vitamin  hy- 
pothesis is  singularly  accurate  and  intelligently  discriminating. 
In  this  respect  it  quite  surpasses  in  quality  most  of  the  stuff 
which  has  been  purveyed  as  history  of  an  interesting  phase  of 
scientific  progress.  In  fact,  the  book  gives  the  impression  of 
first-hand  information  on  every  page.  Here  is  a  volume  from 
which  the  nontechnical  reader  can  derive  instruction  in  read- 
able form  regarding  the  occurrence  of  vitamins  in  foods  and 
their  significance  in  nutrition,  and  "make  possible  an  intelli- 
gent use  of  food  so  as  to  provide  adequately  for  our  vitamin 
needs  along  with  our  other  nutritional  requirement,  and  without 
going  beyond  the  range  of  our  ordinary  staple  articles  of  food." 
The  trained  investigator,  on  the  other  hand,  will  find  tlie  limi- 
tations of  knowledge  undisguised  and  the  unsolved  problems  for 
research  brought  to  his  attention  by  the  critical  form  of  the 
review. 

The  elaborate  bibliography  itself  guarantees  that  the  new 
monograph  will  become  the  vade  mecum  of  the  rapidly  grow- 
ing numbers  of  persons  who  are  curious,  scientifically  or  other- 
wise, about  vitamins. 

Lafayette  B.  Mendel 


The  Physics  and  Chemistry  of  Colloids  and  Their  Bearing  on 
Industrial  Questions.  190  pp.  Published  by  His  Majesty's 
Stationery  Office,  London,  1921.     Price,  2s.  6d.  net. 

A  prefatory  note  by  the  Department  of  Scientific  and  Indus- 
trial Research   upon  whose  advice  this  pamphlet  was  published, 

says : 

In  view  of  the  growing  industrial  importance  of  colloidal 
physics  and  chemistry  and  with  the  intention  of  surveying  criti- 
cally the  present  state  of  knowledge  as  an  aid  to  future  develop- 
ment, the  Councils  of  the  Faraday  Society  and  the  Physical 
Society  arranged  a  joint  Conference  on  the  subject  which  was 

held  on  the  25th  of  Oct.   1920 It  must  be  understood 

that  in  these  circumstances  the  Department  of  Scientific  and 
Industrial  Research  accepts  no  responsibility  for  the  statements 
of  opinion  or  fact  contained  in  this  report. 

The  remark  and  the  discussion  following  each  section  are 
indicative  of  the  fact  that  there  is  not  yet  complete  unanimity 
of  opinion  on  many  points  of  coUoid  chemistry.  The  science 
is  in  a  state  of  flux,  of  constant  criticism,  experiment,  and  search 
for  further  light;  it  has  the  vitality  of  youth  and  growth. 

Many  well-known  names  are  included  among  those  who  pre- 
sented papers  or  took  part  in  the  discussion.  Following  an 
introductory  survey  by  Svedberg  is  a  paper  on  the  general 
structiu-e  of  colloids  by  W.  Pauli.  Then  follow  papers  on  Emul- 
sions and  Emulsification  by  Donnan,  Clayton  and  Bhatnagar; 
on  The  Physical  Properties  of  Elastic  Gels  by  Hatschek,  H.  R. 
Proctor,  Bradford,  Barratt  and  Zsigmondy;  on  Glass  and  Pyrosols 
by  Sir  H.  Jackson  and  M.  W.  Travers;  on  Nonaqueous  Colloidal 
Systems  by  Sir  Robert  Robertson  (nitrocellulose),  Barr  and 
Bircumshaw  (cellulose  acetate),  F.  Sproxton,  B.  D.  Porritt 
(rubber),  and  Wolfgang  Ostwald;  on  Precipitation  of  the  Disperse 
Systems,  by  Willows,  J.  N.  Mukherjee,  W.  Harrison,  Wm.  Clay- 
ton, Chatterji  and  Dhar,  A.  G.  Lowndes  (lead  azide),  and  W. 
E.  Hughes  (electrodeposition  of  metals);  on  Electric  Endos- 
mosis  and  Cataphoresis  by  A.  W.  Porter,  W.  R.  Ormandy,  and 
H.  Freundlich. 

Appendix  I  is  Jacques  Loeb's  paper  on  "The  Proteins  and 
Colloid  Chemistry"  (familiar  to  readers  of  Science  and  the  Journal 
of  General  Physiology),  where  the  author  concludes  that  the 
behavior  of  the  proteins  contradicts  the  idea  that  the  chemistry 
of  colloids  differs  from  the  chemistry  of  crystalloids — though 
long  before  Graham's  time,  and  surely  ever  since,  it  has  been 
recognized  that  certain  wide  differences  exist  between  the  two. 

Appendix  II  is  a  very  valuable  and  interesting  Inaugural 
Dissertation  by  H.  Kneebone  Tompkins,  which  since  1896 
had  lain  unpublished  at  the  University  of  London.  Much  im- 
portant and  time-savitig  work  is  undoubtedly  thus  buried  in 
oubliettes.  WhUe  Tompkins'  work  dealt  mostly  with  rubber, 
he  drew  some  very  interesting  analogies  between  vulcanized 
caoutchouc  and  other  substances,  notably  metals,  which  he  re- 
garded as  colloids. 

Although  many  of  the  papers  presented  had  already  been 
published  in  the  journals  of  the  societies,  and  also  in  tlie  Kolloid 
Zeitschrift,  the  Committee  is  to  be  thanked  for  rendering  them 
all  accessible  in  one  volume,  witli  discussion.  This  pamphlet 
will  be  in  the  library  of  chemists  interested  in  colloids,  and  will 
arouse  the  interest  of  those  who  are  not.  Chemists  catmot  be 
like  the  Bourbons,  who  "learn  nothing  and  forget  notliing." 
Research  demolishes  old  ideas  so  rapidly  that  often  our  text- 
books are  teaching  theories  and  even  "facts"  which  are  recog- 
nized as  erroneous. 

Jerome  Alexander 
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The  Fire  and  Explosion  Hazards  of  Commercial  Oils.'  By 
William  Vlachos  and  C.  A.  Vlachos.  xvii  +  292  pp.  Copy- 
right by  Vlachos  &  Co.,  1921.     Price,  $5.00. 

This  book  relates  primarily  to  the  fire  hazard  of  the  animal, 
vegetable,  and  mineral  oUs  of  commerce,  together  with  the 
commercial  processes  of  their  manufacture  and  refining.  The 
common  solvents  used  for  extracting  oils  are  included.  Essential 
oils  are  not  referred  to.  There  are  chapters  relating  to  hydro- 
genation,  sulfonation,  vulcanization,  nitration,  fuel  oil  burning 
systems,  casinghead  gasoline  plants,  ethyl  and  wood  alcohol, 
and  fire  causes  in  the  petroleum  industry.  In  addition  an  oil 
schedule  is  presented  which  includes  flashing  points,  iodine 
values,  volatility,  and  what  is  referred  to  as  the  "fermentation 
value."  Numerical  values  representing  the  comparative  fire 
hazard  are  assigned  to  the  oils  and  solvents  of  which  there  are 
fifty-five.     This  rating  is  referred  to  as  the  "Vlachos  Grading." 

The  subject  matter  presented  is  based  largely  on  the  expe- 
rience of  Vlachos  &  Co.,  Philadelphia  Inspectors,  and  on  available 
technical  literature.  The  field  covered  in  the  limited  space  of 
the  book  is  too  large  to  Include  much  detail,  and  the  information 
given  is  general  in  character,  but  the  more  important  hazards 
are  not  neglected.  The  subjects  are  treated  in  a  nontechnical 
manner  and  in  a  free  conversational  style  from  the  standpoint 
of  the  underwriters'  practical  inspector.  The  book  is  of  value 
to  the  inspector,  the  busy  tmderwriter,  and  the  chemist  or  chem- 
ical engineer  requiring  information  on  the  above  phase  of  the 
subject  rather  than  on  the  chemical  phases  or  the  chemical  and 
physical  fundamentals  involved. 

The  first  eight  chapters  on  animal  and  vegetable  oils  appear 
to  represent  the  best  part  of  the  book.  The  chapters  on  sulfo- 
nation, vulcanization,  and  nitration  appear  to  be  too  brief. 
The  Vlachos  Grading  is  similar  in  form  to  Underwriters'  Labor- 
atories classification  of  the  hazardous  properties  of  liquids, 
(better  known  as  the  National  Fire  Protection  Association 
method),  except  that  in  the  \lachos  Grading  the  iodine  value 
is  employed.  In  the  opinion  of  the  reviewer  it  would  have 
been  of  assistance  to  the  reader  to  include  a  brief  reference  to 
and  comparison  of  the  Vlachos  Grading  with  other  methods 
of  classification  of  hazards.  It  is  also  thought  that  a  bibliog- 
raphy referring  to  the  technical  literature  on  the  subject  would 
add  to  the  value  of  the  book. 

A.  H.  Nuckolls 

Contemporary  Science.     By  Benjamin  Harrow.     17  x  11  cm. 

253    pp.     Boni    and    Liveright,    New    York,    1921.     Price, 

$0.95  net. 

The  subdivisions  are:  Introduction,  by  Benjamin  Harrow; 
Modern  Physics,  by  R.  A.  MiUikan;  The  Structure  of  Atoms 
and  Its  Bearing  on  Chemical  Valence,  by  Irving  Langmuir; 
Engineering  before  and  after  the  War,  by  Sir  Charles  Parsons; 
Methods  of  Gas  Warfare,  by  S.  J.  M.  Auld;  What  Are  Enzymes, 
by  Benjamin  Harrow;  Natural  Death.and  the  Duration  of  Life, 
by  Jacques  Loeb;  The  Physiology  of  the  Aviator,  by  Yandell 
Henderson;  Twenty-five  Years  of  Bacteriology,  by  Simon 
Flexner;  Before  and  after  Lister,  by  W.  W.  Keen;  The  Measure- 
ment and  Utilization  of  Brain  Power  in  the  Army,  by  R.  M. 
Yerkes;  Conceptions  and  Misconceptions  in  Psychoanalysis, 
by  Trigant  Burrow;  Einstein's  Law  of  Gravitation,  by  J.  S.  Ames. 

MUlikan  cites  the  following  as  the  ten  most  important  ad- 
vances in  physics  of  the  last  twenty  years:  the  verification  of 
the  atomic  and  kinetic  theories;  the  di\'isibility  of  the  atom; 
radioactivity;  the  atomicity  of  electricity;  the  electrical  origin 
of  mass;  the  nucleus  atom;  the  natiu-e  of  X-rays;  crystal  struc- 
tiu-e;  the  atomic  numbers;  the  quantum  relations. 

Langmuir  discusses  the  octet  theory  and  concludes  that: 

In  the  past  the  term  valence  has  been  used  to  cover  what  we 
may  now  recognize  as  three  different  types  of  valence,  as  follows: 

'  See  letter  by  S.  R.  Church,  p.  240,  of  this  issue. — Editor. 


1 — Positive  valence:  the  number  of  electrons  an  atom  can 
give  up. 

2 — Negative  valence:  the  mmiber  of  electrons  an  atom  can 
take  up. 

3 — Covalence:  the  number  of  pairs  of  electrons  which  an 
atom  can  share  with  its  neighbors. 

It  is  recommended  that  only  for  valences  of  the  covalence 
type  should  definite  bonds  be  indicated  in  chemical  formulas. 
One  of  the  particular  advantages  of  the  present  theory  is  that 
it  becomes  easy  to  distinguish  between  covalence  and  the  other 
types,  and  thus  to  predict  with  certainty  in  what  way  elec- 
trolytic dissociation  will  occur,  if  at  all. 

Sir  Charles  Parsons  lists  the  development  of  aircraft  and  of 
soimd  ranging  and  listening  devices  as  the  two  big  engineering 
achievements  during  the  war  and  the  development  of  the  steam 
turbine  and  of  electrical  distribution  as  the  pre-war  achievements. 
Col.  Auld's  paper  on  gas  warfare  is  already  familiar  to  the 
chemists.  Harrow  advocates  the  view  that  an  enzyme  is  a  salt 
in  the  broad  sense  adsorbed  by  a  colloidal  complex  which  is 
usually  protein-like.  Loeb  finds  that  the  life  of  aseptic  fruit 
flies  doubles  approximately  for  ten  degrees  drop  in  temperature, 
which  suggests  to  him  that  life  is  a  chemical  reaction  and  that 
death  occurs  normally  when  the  reaction  is  finished.  If  man 
could  live  at  all  with  the  temperature  of  his  blood  at  7.5°  his 
average  life  would  be  about  nineteen  hundred  years. 

Henderson  points  out  that  life  is  often  compared  to  a  flame 
but  that  a  candle  is  affected  by  the  proportions  of  oxygen  and 
nitrogen  while  man  depends  solely  on  the  absolute  amount  of 
oxygen.  Flexner  shows  that  antitoxins  are  effective  against 
diseases  from  toxalbumins,  etc.,  but  not  against  the  more  numer- 
ous diseases  involving  microbes  which  have  penetrated  deeply 
into  the  organs.  Dr.  Keen  gives  the  almost  incredible  percen- 
tage of  deaths  after  amputations  owing  to  infection  in  the  days 
before  Lister.  Going  to  a  large  hospital  for  an  operation  in 
those  days  was  practically  equivalent  to  a  death  sentence. 

Wilder  D.  Bancroft 


Technical  Records  of  Explosives  Supply,  1915-1918.  III. 
Sulfuric  Acid  Concentration.  91  pp.,  30  illustrations.  12s. 
IV.  The  Theory  and  Practice  of  Acid  Mixing.  93  pp.,  25 
illustrations.  12s.  Ministry  of  Mimitions  and  Department 
of  Scientific  and  Industrial  Research,  London.  H.  M.  Station- 
ery Office,  1920.     19  x  28  cm.  each. 

Before  the  war  the  Kessler  system  was  regarded  in  Europe 
as  the  most  successful  type  of  concentration  plant  for  spent 
sulfuric  acid,  an  unavoidable  by-product  in  all  nitration  processes, 
though  the  Cascade  system  had  long  been  used  in  this  country. 
As,  after  entrance  into  the  war,  the  English  found  it  impossible 
to  get  delivery  of  Kessler  plant,  the  Cascade  system  was  adopted 
on  a  large  scale  because  it  admitted  more  readily  of  rapid  im- 
provization  from  accessible  material  than  any  other,  but  the 
higher  temperatures  required  for  the  greater  concentrations 
caused  such  volatilization  of  the  sulfuric  acid  as  to  compel  the 
covering  in  of  the  lower  basins  of  the  cascade  and  the  aspiration 
of  the  fumes  through  coke  scrubbers.  As  soon  as  possible,  there- 
fore, GaiUard  and  Gilchrist  concentration  plants  were  erected 
and  Cottrell  precipitation  plants  installed. 

Volume  III  of  this  series  is  devoted  to  the  description  and 
consideration  of  these  three  types  of  plants.  Under  each  section 
there  are  given,  with  detailed  plans,  a  description  of  the  plant 
and  its  method  of  operation,  and  the  general  principles  governing 
its  construction  and  operation,  but  one  is  most  impressed  by  the 
extent  of  the  data  based  on  experience  that  are  presented.  Thus 
some  24  pages  are  given  to  illustrating  in  detail  how  the  heat 
balance  for  the  gas  producers  and  Gaillard  towers  was  ascertained, 
the  object  stated  being  "to  estimate  the  thermal  efficiency  of 
the  gas  producers  and  to  allocate  all  the  thermal  losses,"  and, 
in  recording  the  method  of  solution  of  the  problem,  there  is 
given  a  description  of  the  means  by  which  the  experimental 
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data  were  obtained.  The  truly  practical  character  of  this 
publication  is  emphasized  by  the  paragraphs  on  "starting  up  a 
unit"  and  "shutting  down  a  unit"  of  the  Gaillard  plant,  for 
technical  writers  too  often  omit  such  essential  information. 

Volume  IV  deals,  in  Section  I,  with  "acid  cycles,  acid  balances, 
and  control  of  plant  output,"  the  several  classes  of  acid  cycles 
dealt  with  being  TNT,  nitroglycerin,  and  guncotton  and  nitro- 
cellulose, since  each  of  these  products  requires  for  its  manufacture 
a  special  "mix"  and  yields  a  characteristic  "spent."  Section 
II  deals  with  "the  position  of  the  acid  mixing  plant  in  the  acids 
cycle,  and  the  procedure  adopted  in  mixing,"  and  seven  pages 
are  assigned  to  "the  calculation  of  mixes"  and  thirteen  to  "the 
calculation  of  dopes,"  while  graphs  with  which  to  facilitate  the 
operations  are  given.  Section  III  deals  with  "plant  and  process 
for  acid  mixing"  in  some  34  pages  and,  while  necessarily  descrip- 
tive, it  contains  many  pages  of  illustrative  calculations  and 
several  tables  of  data.  Here  as  elsewhere,  one  is  impressed  by 
the  careful  accounting  for  energy  as  well  as  for  matter. 

What  has  been  said  of  Volumes  I  and  II  of  this  series'  holds 
true  for  the  volumes  now  under  consideration.  Typographical 
errors  are  very  uncommon  and  those  observed  are  of  little  im- 
portance. These  volumes  should  be  especially  valued  by  the 
teacher  who  seeks  concrete  examples  for  his  pupils,  for  they  are 
to  be  found  here  in  great  abundance,  while  the  student  will 
find  in  this  record  from  practice  convincing  evidence  of  the  im- 
portance of  this  method  of  accounting. 

Charles  E.  Munroe 

The  Riddle  of  the  Rhine.  By  Victor  Lefebure.  279  pp. 
W.  Collins  Sons  &  Co.  Ltd.  Glasgow,  Melbourne,  Auckland; 
London,  48  PaU  Mall,  1921.     Price,  10s,  6d. 

The  importance  of  gas  warfare,  again  emphasized  by  inter- 
national consideration  of  reduced  armaments,  justifies  the  in- 
creasing literature  of  this  field.  The  "Riddle  of  the  Rhine" 
is  a  candid  authoritative  discussion  of  the  subject  from  the 
standpoint  of  the  English  nation.  Major  Lefebure  is  a  chemist, 
a  veteran  of  two  years  at  the  front,  and  former  liaison  officer 
between  England  and  France.  He  was  a  member  of  several 
interallied  technical  and  supply  organizations  and  after  the 
Armistice  played  an  important  part  in  the  official  allied  inspection 
of  German  chemical  factories,  and  in  bringing  vital  chemical 
data  before  his  country.  His  broad  qualifications  for  author- 
ship in  this  field  are  evidenced  in  his  scientific,  military,  and 
philosophical  presentation,  and  in  the  fairness  and  justice  with 
which  he  appraises  the  contributions  of  the  several  allied  coun- 
tries. France's  quick  success  and  courageous  struggle  for  early 
production  of  yperite,  her  development  of  a  bromine  industry 
in  Tunis  under  wartime  handicap,  America's  overwhelming 
activities  and  great  research  organization,  "second  only  to  the 
I.  G.,"  all  are  carefully  accredited.  The  struggle  for  initiative, 
the  strategic  role  of  production  in  chemical  warfare,  the  evolu- 
tion of  weapons  through  cloud  attack,  artillery  shell,  solid  toxic 
substances,  and  finally  mustard  gas,  which  defied  complete  pro- 
tective measures,  are  accurately  analyzed  and  illumined  by 
specific  history.  Germany's  conceded  lead  in  this  mode  of 
warfare  was  due  to  a  flexibility  in  research  and  production, 
inherent  in  her  varied  chemical  resources.  These  gave  surprise 
possibilities,  the  essence  of  successful  war.  The  allies  lacked 
quick  means  of  converting  research  ideas  into  casualties. 

To  Major  Lefebure,  the  riddle  of  tlie  Rhine  is  the  ominous, 
impenetrable  potentialities  of  the  I.  G.  bristling  the  Rhine  and 
its  tributaries.  "It  has  added  economic  cohesion  to  technical 
efficiency,  and  is  to-day  the  largest  technically  efficient  potential 
instrument  of  war  in  the  world."  The  author  avowedly  be- 
lieves in  chemical  disarmament  of  Germany,  and  points  to  the 
failures  and  difficulties  in  enforcing  the  Treaty  of  Versailles  in 
chemical  matters.  The  inljerent  difficulties  in  the  inspection 
'  This  Jouhnai,,  IS  (1921),  1176. 


by  a  League  under  agreements  to  refrain  in  times  of  peace  from 
chemical  preparedness  are  searchingly  presented.  In  fact,  the 
logical  end  of  the  author's  argument  is  a  world  balance  of  chem- 
ical power,  either  through  competitive  militarism,  industrially 
disguised,  or  agreed  ratios. 

We  had  suspected  that  the  war  and  the  press  had  exhausted 
all  the  imaginary  possibilities  of  future  chemical  weapons,  but 
we  are  still  able  to  react  with  interest  to  the  author's  suggestion 
of  future  armies  staggering  to  their  fate  because  of  a  change  in 
the  viscosity,  through  exposure  to  the  desired  chemical,  of  the 
liquid  couteuts  of  the  semicircular  canals  of  the  inner  ear,  thus 
destroying  the  sense  of  equilibrium! 

The  book  is  written  by  a  man  who  knows  and  feels,  and  has 
the  gift  of  utterance.  It  is  peculiarly  in  line  with  American 
convictions  on  the  subject  and  stirs  the  reader  with  the  tremen- 
dous diflSculties  and  weaknesses  of  current  internationalism  built 
along  pre- 19 14  lines. 

W.  Lee  Lewis 

Coke-Oven  and  By-product  Works  Chemistry.  By  Thos. 
Biddulph-Smith.  Cloth  6x9,  x  4- 180  pp.,  62  illustrations 
and  7  folding  plates.  Charles  Griffin  &  Co.,  Ltd.,  London; 
J.  B.  Lippincott  Co.,  Philadelphia,  1921.     Price  $7.00. 

This  book  is  essentially  one  of  laboratory  methods  for  use 
by  chemists  at  by-product  coke-oven  plants  and  gas  works; 
especially  the  former,  for  it  does  not  cover  the  subject  of  photom- 
etry and  gas  purification.  It  gives  methods  for  testing  coal 
and  coke,  gas,  flue  gases,  tar,  pitch,  ammonia,  and  benzene  prod- 
ucts. Several  other  tests  which  are  frequently  required  in 
the  above  industries  are  given,  and  one  chapter  has  been  de- 
voted to  calorimetry  and  pyrometry. 

The  chapter  on  coal  and  coke  includes  methods  for  sampling 
and  gives  a  method  for  testing  the  coking  property  of  coal,  but 
methods  for  ultimate  analysis,  porosity,  and  shatter  tests  are 
omitted. 

The  book  is  particularly  useful  at  benzene  recovery  and  re- 
fining plants.  Thirteen  graphs  give  boiling  temperatures  for 
any  mixture  of  two  oils,  such  as  carbon  bisulfide,  benzene,  toluene, 
and  xylene.  Other  graphs  show  the  relation  of  the  specific 
gravity  of  benzene  to  carbon  bisulfide  and  paraffin  content  and 
thus  enable  the  benzene  plant  chemist  to  make  a  quick  estima- 
tion of  the  carbon  bisulfide  or  paraffin  content. 

The  book  comprises  methods  which  are  in  general  more  familiar 
to  the  gas  and  coke-oven  chemists  of  Europe  than  to  those  of 
America.  The  principles  involved  are  essentially  the  same, 
except  for  modifications  which  American  chemists  have  applied. 
It  is  not  a  serious  objection  that  the  work  is  based  on  English 
practice  since  it  is  almost  imperative  that  our  chemists  should 
become  familiar  with  the  experience  and  practice  of'other  chemists 
before  they  can  judge  the  relative  merits  of  various  methods 
and  their  applications  to  individual  problems. 

A  few  examples  of  the  differences  between  the  methods  given 
in  this  work  and  those  of  American  practice  are  as  follows:  In 
the  analysis  of  coal  and  coke  the  sample  is  ground  to  pass  a 
30-mesh  sieve,  not  a  60-mesh  sieve  as  in  American  practice. 
In  the  analysis  of  gas,  oxygen  is  determined  first,  whereas  in 
America  oxygen  is  determined  after  the  illuminants.  In  the 
distillation  of  benzenes  a  standard  Kngler  flask  is  used,  whereas 
m  American  practice  a  standard  200-cc.  side-neck  flask  of  slightly 
different  dimensions  has  been  adopted.  In  the  refining  of  ben- 
zenes the  acid  wash  test  is  judged  by  tlie  color  of  the  acid  layer, 
apparently  without  comparison  with  standard  colors,  as  is  done 
in  American  practice. 

The  methods  which  are  given  are  of  a  standard  nature  and 
generally  those  which  have  been  accepted  as  reliable.  The 
work  is  comprehensive,  and  the  metliods  are  stated  as  briefly  as 
possible. 

E.  F.  BlackiB 
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The'^'possibility  of  using  the  by-products  of  sugar  making, 
especially  the  heavy  molasses  residue,  for  the  production  of 
alcohol  as  a  motor  fuel  has  only  recently  attracted  general 
attention  in  Cuba.  The  current  price  for  motor  spirit  as  sold 
to  the  consumer  is  27  to  30  cents,  as  compared  with  gasoline  at 
about  45  cents,  and  while  it  does  not  appear  probable  that  Cuban 
alcohol  can  give  serious  competition  to  gasoline  outside  the  island, 
it  is  made  from  materials  which,  in  many  seasons,  sell  at  very 
low  prices,  and  its  use  appeals  to  local  patriotism.     (Pp.  24-5) 

Statistics  are  given  relative  to  the  production  of  mineral  oil 
in  the  Dutch  East  Indies  during  the  calendar  years  1917,  1918, 
1919  and  1920.    (P.  26) 

A  demonstration  was  recently  given  of  the  new  type  of  oil- 
fuel  burner,  known  as  the  "Reid-Erskine  liquid  fuel  atomizer 
and  burner."  Among  the  advantages  claimed  for  it  are  the  high 
efficiency  it  possesses,  due  to  the  complete  atomization  of  the 
liquid  fuel,  and  the  transformation  of  the  atomized  fuel  into  a 
light  inflammable  gas,  thereby  producing  complete  combustion. 
(P.  27) 

Experiments  have  recently  been  conducted  in  Norway  on  the 
production  of  coal  from  cellulose  lye.  A  factory  has  been  erected 
which  it  is  claimed  will  produce  SOOO  tons  of  coal  from  lye  that 
■was  formerly  dumped  in  the  run  as  waste.     (P.  31) 

A  decided  decrease  in  British  trade  in  naval  stores  during  the 
first  10  months  of  1921,  as  compared  with  the  corresponding 
periods  of  1913  and  1920,  is  reported.     (P.  33) 

The  total  French  production  of  naval  stores  for  1921  is  esti- 
mated at  31,000  tons  of  turpentine  and  105,000  tons  of  rosin, 
pitch,  etc.,  or  4000  tons  less  turpentine  and  15,000  tons  less  rosin 
than  in  1920.     (P.  34) 

Nysaland  has  revised  its  import  duties  on  kerosene,  petrol, 
motor  spirits,  and  lubricating  oUs.     (P.  47) 

■ft'estern  Samoa  has  established  new  import  and  export  duties 
on   copra.     (P.   47) 

The  export  restriction  on  petroleum  products  from  Tunis 
has  been  removed.     (P.    48) 

The  Italian  government  has  announced  a  30  per  cent  reduction 
in  the  fixed  price  for  lime  citrate.     (P.  54) 

German  exports  of  heavy  chemicals  showed  a  decUne,  by 
volume,  during  November  as  compared  with  October  of  12.0 
per  cent  and  of  dyes  of  3.0  per  cent.     (P.  57) 

Statistics  are  given  relative  to  the  production  of  the  zinc  and 
lead  mines  of  Algeria  during  1920.     (P.  65) 

The  oil  industry  in  Russia  under  Bolshevik  regime  is  described. 
(Pp.  87-9) 

Recent  developments  in  the  Tampico  oil  fields  show  that  the 
25,000-bbl.  well  of  heavy  oil  in  the  San  Geronimo  district  con- 
tains oil  of  heavy  gravity,  testing  around  14°  Be.,  or  more  like 
Panuco  crude.  It  is  the  lowest  gravity  oil  found  between  Pan- 
uco  and  the  southern  extremity  of  the  south  fields.     (Pp.  89-90) 

A  change  has  been  made  in  the  Australian  import  duty  on 
arsenate  of  lead,  and  import  duties  have  been  deferred  until 
March  31,  1922,  on  carbonate  and  bicarbonate  of  soda  and  soda 
silicate;  soda  ash;  caustic  soda;  and  citric  acid.     (P.  99) 

A  market  for  cement  is  reported  to  exist  in  Guatemala.  (P. 
110) 

Attention  is  called  to  the  value  as  a  tanning  material  of  the 
plant  Acacia  arabica,  which  French  experiments  have  shown 
can  be  used  for  tanning  either  alone  or  with  sumac,  quebracho, 
and  oak  bark.  It  would  appear  that  it  might  replace  Sicilian 
sumac,  of  which  7000  tons  were  imported  into  France  in  1913. 
(P.  142) 


Under  the  new  Denmark  Emergency  Tariff  Law  increased 
duties  are  levied  on  acetic  acid.     (P.  156) 

A  Brazilian  decree  continues  the  American  preferential  duties 

for  1922  on  paints  and  colors,  cement,  and  varnish.  (P.  157) 

A  French  import  duty  of  2.50  francs  per  100  kilos  will  be 
applied  on  benzene  intended  for  motors  and  for  fuels.     (P.  157) 

The  Italian  customs  authorities  have  been  instructed  to 
permit  the  unrestricted  exportation  of  potassium  salts.     (P.  1.57) 

German  production  of  nitrogen  by  atmospheric  fixation  is 
reviewed  and  the  statement  made  that  calcium  cyanamide 
factories  in  Germany  have  an  output  now  of  approximately 
500,000  tons,  with  a  nitrogen  content  of  about  100,000  tons. 
(Pp.  164-5) 

The  new  statistical  classification  for  petroleimi  and  its  prod- 
ucts exported  from  the  United  States,  which  became  effective 
January  1,  1922,  is  given.     (P.  194) 

The  production  of  crude  oil  in  Rumania  is  reviewed.  (Pp. 
194-5) 

The  wolfram  mines  at  Hatch's  Creek,  Northern  Territory, 
Australia,  which,  during  the  war,  furnished  50  per  cent  of  the 
wolfram  marketed  throughout  the  world,  have  been  abandoned 
because  of  the  fall  of  the  market  and  the  high  costs  of  production. 
(Pp.  200-1) 

The  import  duty  imposed  by  Salvador  upon  chlorides  of  lime 
and  calcium  has  been  removed.     (P.  212) 

Beginning  with  the  January  number,  the  Monthly  Summary 
of  Foreign  Commerce  issued  by  the  Statistical  Division  of  the 
Bureau  of  Foreign  and  Domestic  Commerce  will  present  export 
figures  for  chemical  glassware.  Quantities  as  well  as  values  will 
be    given.     (P.    255) 

Exports  of  crude  petroleum  from  the  United  States  during 
December  1921  showed  a  decrease  of  approximately  40  per 
cent  from  the  November  figure.  Comparative  statistics  are 
given  of  petroleum  exports  for  the  past  three  years,  the  1921 
exports  showing  a  decrease  over  1920  but  an  increase  over  1919. 
The  imports  of  petroleum  for  December  showed  an  increase, 
as  did  also  the  total  imports  for  1921,  the  total  1921  imports 
increasing  about  800,000  gal.  over  the  1920  imports  and  more 
than  doubhng  the   amount   imported   during  1919.  (Pp.  267-8) 

A  translation  is  given,  in  part,  of  an  address  on  the  present 
status  of  the  petroleiun  question  in  Argentina.     (Pp.  268-9) 

The  production  of  petroleiun  in  Argentine  during  1921  showed 
a  considerable  increase  over  the  1920  production.     (P.  270) 

Peru  has  relaxed  its  control  on  the  exportation  of  cottonseed. 
(P.  281) 

An  increase  in  the  import  duty  on  gasoline  is  proposed  in 
Brazil  and  changes  have  been  made  in  the  duties  on  mineral 
oils  and  residues,  paraffin  candles,  and  calcium  carbide.    (P.  281) 

France  has  increased  her  import  duties  on  lubricating  oils, 
heavy  oils,  and  residues  of  petroleum  and  other  mineral  oils. 
(P.  281) 

France  has  changed  her  import  duties  on  fixed  oils  (cottonseed 
oU,  sesame,  and  peanut  oils)  for  the  manufacture  of  alimentary 
fats.     (P.  281) 

A  little-known  source  of  copra  is  being  developed  in  the  former 
German  possession  in  New  Guinea.     (P.  294) 

The  Japanese  law  and  regulations  relating  to  the  camphor 
oil  monopoly,  with  all  amendments  to  1910,  is  on  file  in  the 
Far  East  Division  of  the  Bureau  of  Foreign  and  Domestic 
Commerce.     (P.  294) 

The  mining  laws  and  regulations  of  China,  which  were  last 
promulgated  by  the  Chinese  Government  on  March  11,  1914, 
are  available  in  circular  form  upon  application  to  the  Bureau 
of  Foreign  and  Domestic  Commerce.     (P.  294) 

A  copy  of  the  translation  of  the  June  21,  1915,  Japanese  law 
for  the  encouragement  of  the  manufacture  of  dyes  and  drugs 
may  be  secured  by  addressing  the  Bureau  of  Foreign  and  Domes- 
tic   Commerce.    (P.   294) 

Statistics  op  Exports  to  the  United  States 
Peru— (P.  18)  Bordeaux— (P.  34)  Brazil— (P.  128) 

Vanadium  Rosin  Rubber 
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Thermal  Expansion  of  Nickel,  Monel  Metal,  Metal,  Stellite,  Stainless 
Steel,  and  Aluminium.  W.  H.  Souder  and  Peter  Hidnert.  Scien- 
tific Paper  426.      Paper,    10  cents. 

Congress 

An  Act  to  Grant  Extension  of  Time  under  Gas  and  Oil  Permits.  Approved, 
January  11,  1922.      Public  No.   127,  G7th  Congress.      H.  R.  8344. 

Metric  System.  Metric  System,  extracts  from  hearings  before  subcom- 
mittee on  S.  2667,  to  fix  metric  system  of  weights  and  measures  for  cer- 
tain uses,  October  24,   1921,     Statement  by  David  A.  MoHtor.      11  pp. 

Metric  System.  Metric  System,  hearings  before  subcommittee  on  S. 
2207,  to  fix  metric  system  of  weights  and  measures  as  single  standard 
of  weights  and  measures  for  certain  uses,  October  2-i-2S,  1921.  Part  II. 
IIH  pp. 

Hearings  before  the  Committee  on  Finance,  United  States  Senate,  of  the 
Proposed  Tariff  Act  of  1921  (H.  R.  7456).  Schedule  I.  Chemicals, 
Oils    and    Paints.      Revised    and    Indexed.      1344    pp.      1922. 


Department  of  Commerce 

Ninth  Annual  Report  of  the  Secretary  of  Commerce,  1921.      149  pp. 

Federal  Trade  Commission 

Summary  of  Report  of  the  Federal  Trade  Commission  on  the  Pacific  Coast 
Petroleum  Industry.  Part  II.  Prices  and  Competitive  Conditions. 
21    pp.      Paper,    5    cents. 

Geological  Survey 

Alaskan  Mining  Industry  in  1921.  A.  H.  Brooks.  Bulletin  722-A.  Sepa- 
rate   from    Mineral    Resources    of    Alaska,    1920-A. 

Artificial  Gas  and  By-products  in  1917-18.  R.  S.  McBride.  Separate 
from  Mineral  Resources  of  the  United  States,  1919,  Part  II.  62  pp. 
Published    November    16,    1921, 

Barytes  and  Barium  Products  in  1920.  G.  W.  Stone.  Separate  from 
Mineral  Resources  of  the  United  States,  1920,  Part  II.  11  pp.  Pub- 
lished   December  6,    1921. 

Candelaria  Silver  District,  Nevada.  Adolph  Knopf.  Separate  from 
Contributions  to  Economic  Geoloyy.  1922,  Part  I.  22  pp.  Published 
January    20,    1922. 

Cobalt,  Molybdenum,  Nickel,  Tantalum,  Titanium,  Tungsten,  Radium, 
Uranium,  and  Vanadium  in  1919.  F.  L.  Hess.  Separate  from  Mineral 
Resources  of  the  United  States,  1919,  Part  I.  19  pp.  Published 
November  10,  1921. 

Contributions  to  Economic  Geology  (Short  Papers  and  Preliminary 
Reports),  1920.  Part  I— Metals  and  Nonmetals  except  Fuels.  F.  L. 
R.'vnsome,  H.   S.   Gale  and  E.  F.   Burchard.      Bulletin  715.     230  pp. 

Contributions  to  Economic  Geology  (Short  Papers  and  Preliminary  Re- 
ports), 1920,  Part  II — Mineral  Fuels.  David  White  and  M.  R.  Camp- 
bell.     Bulletin    716.     248    pp.     1921. 

Forty-second  Annual  Report  of  the  Director  of  the  United  States  Geo- 
logical Survey,  Fiscal  Year  Ended  June  30,  1921.  108  pp.  December 
I92I. 

Geologic  Structure  and  Oil  and  Gas  Prospects  of  a  Part  of  Jefiferson  Countyf 
Oklahoma.  H.  M.  Robinson.  Bulletin  726-F.  Separate  from  Contri- 
butions to  Economic  Geology,  1921,  Part  II.  26  pp.  Published 
December  20,  1921. 

Gold  and  Silver  in  1919.  General  Report.  J.  P.  Dunlop.  Separate  from 
Mineral   Resources   of   the   United   States,    1919,    Part   I.      45   pp. 

Gold  Lodes  in  the  Upper  Kuskokwim  Region,  Alaska.     George  C.  Martin. 

Bulletin    722-E.      Separate   from    Mineral    Resources   of   Alaska,    1920-E. 

13    pp. 
Gold,  Silver,  Copper,  Lead,  and  Zinc  in  California  and  Oregon  in  1920. 

Mines  Report.     C.  G.  Yale.     Separate  from  Mineral  Resources  of  the 

United   States,    1920,    Part   I.      37   pp.      Published    November   25,    1921. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  Idaho  and  Washington  in  1920. 

Mines    Report.      C.    N.    Gerry.      Separate    from    Mineral    Resources    of 

the  United  States,  1920,  Part  I.      40  pp.      Published  December  27,  1921. 
Gold,  Silver,  Copper,  Lead,  and  Zinc  in  Montana  in  1920.     Mines  Report, 

C.  N.  Gerry.     Separate  from  Mineral  Resources  of  the  United  States. 

1920,     Part    I.      25    pp.      Published     December    17,     1921. 
Gold,  Silver,  Copper,  Lead,  and  Zinc  in  New  Mexico  and  Texas  in  1919. 

Mines  Report.     C.  W,  Henderson.     Separate  from  Mineral  Resources 

of  the  United  States,    1919,   Part  I.      15  pp.      Published   November   12. 

1921. 
Gold,  Silver,  Copper,  Lead,  and  Zinc  in  Nevada  in  1920.     Mines  Report. 

V.  C.  Heikes.      Separate  from  JMineral  Resources  of  the  United  States, 

1920,    Part    I.      29    pp.      Published    January    13,    1922. 
Iron  Ore,  Pig  Iron  and  Steel  in  1920.     E.  F.  Burchard  and  H.  W.  Davis. 

Separate   from   Mineral   Resources  of   the   United   States,    1920.    Part    I. 

35  pp.      Published   January   23,    1922. 
Tin  in  1919.     Adolph  Knopf  and  B.  L.  Johnson.     Separate  from  Mineral 

Resources  of  the  United  States,  1919,    Part  II.      Published     January    20, 

1922. 
Water-power  Investigations   in    Southeastern   Alaska.     G.    H.    Canfield. 

Bulletin   722-B.     Separate   from   Mineral   Resources  of   Alaska,    1920-B. 

41  pp.  1921. 
Zinc  in  1920.     C.  E.  SiEbenthal  and  A.  Stole.     Separate  from  Mineral 

Resources  of  the  United  States,   1920.   Part  I.      17  pp.      Published   De- 
cember 19,  1921. 

Public  Health  Service 

Carbon  Monoxide  Poisoning  in  Closed  Garages.  Reprint  694  from  Pub- 
lic Health  Reports.     6  pp.     Paper,  5  cents. 

Lead  Poisoning  in  Pottery  Trades.  B.  J.  Newman,  W.  J.  McConnell. 
O  M  Spencer,  and  F.  M.  Phillips.  Bulletin  116.  22  pp.  Paper, 
35    cents. 
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INOBG&NIC  CHEMICALS 

Keb.   1 

.  12Vi 

.OIi/« 

.19 

.06»A 

.12 

.07 

IH.OO 

22.00 
.03Vl 
0.3 
•07 
.07  V, 
.07>/i 
.071/. 

50.00 
*.06V. 

28.00 
2.00 
.06V« 
.20 


Acid,  Boric,  cryst.,  bbls lb. 

Hydrochloric,  com'l,  20° lb. 

Hydriodic oz. 

Nitric,  42° lb. 

Phosphoric,  50%  tech lb. 

Sulfuric,  C.  P lb. 

Chamber,  66°  tks.  wks.  .ton 

Oleum  20% too 

Alum,  ammonia,  lump lb. 

Aluminium  Sulfate  (iron-free) lb. 

Ammonium  Carbonate,  pwd lb. 

Ammonium  Chloride,  gran lb. 

Ammonia  Water,  drums,  26° lb  . 

Arsenic,  white lb. 

Barium  Chloride ton 

Nitrate lb. 

Barytes,  white ton 

BleacbingPowd.,35%,  works,  100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure lb. 

Calcium    Chloride,    fused,  f.  o.  b. 

N.  Y ton  24.75 

Chalk,  precipitated,  light lb.  .04 

China  Clay,  imported ton  18 .  00 

Copper  Sulfate 100  lbs.  5.55 

Feldspar ton  8.00 

Puller's  Earth 100  lbs.  1 .00 

Iodine,  resublimed lb.  3 .  80 

Lead  Acetate,  white  crystals lb.  .11 

Nitrate lb.  .15 

Red  American 100  lbs.  .08 

White  American 100  lbs.  .O71/4 

Lime  Acetate 100  lbs.  1 .75 

Lithium  Carbonate lb.  1 .50 

Magnesium  Carbonate,  tech lb.  .06 

Magnesite ton  72.00 

Mercury  flask 75  lbs.  »48.00 

Phosphorus,  yellow lb.  '.25 

Plaster  of  Paris 100  lbs.  1 .50 

Potassium  Bichromate lb.  .10 

Bromide,  imported lb.  *.14 

Carbonate,  calc,  80-85% lb.  .04'/i 

Chlorate,  cryst lb.  '.OSi/i 

Hydroxide,  88-92% lb.  '.OSV) 

Iodide,  bulk lb.  2.90 

Nitrate lb.  .08 

Permanganate,  U.  S.  P lb.  *.H 

Salt  Cake,   bulk ton  17.00 

Silver  Nitrate oz.  .44i/i 

Soapstone,  in  bags ton  12.00 

Soda  Ash,  58%,  bags 100  lbs.  •1.75 

Caustic,  76% 100  lbs.  *a .  50 

Sodium  Acetate lb.  .04 

Bicarbonate 100  lbs.  2 .  30 

Bichromate lb.  .07>/« 

Chlorate lb.  .07 

Cyanide lb.  .26 

Fluoride,  technical lb.  .09 

Hyposulfite,  bbls 100  lbs.  3.50 

Nitrate,  95% 100  lbs.  2 .  37 '/i 

Silicate,  40° lb.  .01 

SulBde,  60%  fused lb.  •04'/. 

Bisulfite,  powdered lb.  .04Vi 

Strontium  Nitrate lb.  *.l(l 

Sulfur,  flowers 100  lbs.  3.00 

Crude long  ton  20 .  00 

Talc,  American,  white ton  18.00 

Tin  Bichloride.. 60%  sol'n lb.  .10'/. 

Oxide lb.  .38 

Zinc  Chloride,  U.  S.  P lb.  .35 

Oxide,  bbls lb.  .08 

OaOANIC  CHEMICALS 

AceUnilide lb.  •.29 

Acid,  Acetic,  28  p.  c 100  lbs.  2 .  60 

Glacial lb.  .09 

Acetylsalicylic lb.  .SO 

Benzoic,  U.  S.  P.,  ex-toluene .  .  lb.  .  60 

Carbolic,  cryst.,  U.  S.  P.,  drs .  .lb.  .11 

60- to  110-lb.  tins lb.  .21 

Citric,  crystals,  bbls lb.  • .  43 


Feb.  15 

.12V. 

.01"/. 

.19 

.06  V. 

.10 

.07 
16.00 
22.00 

.03'/! 

.03 
».07 

.07'/. 

.07'/i 

.07'/: 

6.5.00 

•.06'/, 
28.00 
2.00 
.05V. 
.20 

24.75 

04 

18.00 

6.55 

8.00 

1.00 

4.05 

.11 

.15 

.08 

.07'/. 

1.75 

1.50 

.06 

72.00 

•49.00 

•.25 

1.50 

.10 

•.14 

.04'/. 
•.05'/i 
•.05  V. 
3.15- 
.08 
•.14 
17.00 

.441/j 
12.00 
•1.65 
•3.30 
.04 
2.30 
.07  V. 
.07 
.26 
.09 
3.25 
2.35 
.01 
•.04'/. 
.04'/, 
•.10 
3.00 
20.00 
18.00 
.10'/. 
.38 
.36 
.08 

•.32 
2.50 

.09 

.SO 

.60 

.12 

.21 
•.44 


Feb.  1 
Acid  (Concluded) 

Oxalic,  cryst.,  bbls lb.  .14 

Pyrogallic,  resublimed lb.  1 .75 

Salicylic,  bulk,  U.  S.  P lb.  .24 

Tartaric,  crystals,  U.  S.  P lb.  •.25 

Trichloroacetic,  U   8.  P lb.  4.40 

Acetone,  drums lb.  .  12'/i 

Alcohol,  denatured,  complete. . .  .gal.  .40 

Ethyl,  190  proof gal.  4.85 

Amyl  Acetate gal.  •  2.16 

Camphor,  Jap,  refined lb.  .96 

Carbon  Bisulfide lb.  .06'/i 

Tetrachloride lb.  .  lO'/i 

Chloroform,  U.  S.  P lb.  ^.37 

Creosote.  U.  S.  P lb.  .40 

Cresol,  U.  S.  P lb.  .17 

Dextrin,  corn 100  lbs.  2.79 

Imported  Potato lb.  .08'/i 

Ether,  U.  S.  P.,  cone,  100  lbs lb.  .14 

Formaldehyde lb.  •.  10 

Glycerol,  dynamite,  drums lb.  .  15 

Methanol,  pure,  bbls gal.  .  75 

Pyridine gal.  1.75 

Starch,  com 100  lbs.  2 .  22 

Potato,  Jap lb.  .06 

Rice lb.  .18 

Sago lb.  .04 

OILS,  WAXES,  ETC. 


Beeswax,  pure,  white ,  .lb. 

Black  Mineral  Oil,  29  gravity. ...gal. 

Castor  OU,  No.  3 lb. 

Ceresin,  yellow lb. 

Corn  Oil,  crude,  tanks,  mills lb. 

Cottonseed  Oil,  crude,  f.  o.  b.  mill.  ,1b. 

Linseed  Oil,  raw  (car  lots) gal. 

Menhaden  Oil,  crude  (southern)  .  gal. 

Neat's-foot  OU,  20° gal. 

Paraffin,  128-130  m.  p.,  ref lb. 

Paraffin  Oil,  high  viscosity gal. 

Rosin,  "F"  Grade,  280  lbs bbl. 

Rosin  Oil,  first  run gal. 

Shellac,  T.  N lb. 

Spermaceti,  cake lb. 

Sperm  Oil,  bleached  winter,  38°.  .gal. 

Stearic  Acid,  double-pressed lb. 

Tallow  Oil,  acidless gal. 

Tar  Oil,  distilled gal. 

Turpentine,  spirits  of gal. 


.33 

.22 

.10'/. 

.07'/. 

.06  V. 

.073/8 

.77 

.3S 
1.32 

.06 

.45 
5.35 

.36 

.66 

.30 
1.73 

.10 

.77 

.60 

.93 


METALS 


Aluminium,  No.  1,  ingots lb.  .17 

Antimony,  ordinary 100  lbs.  4.45 

Bismuth lb.  1.55 

Copper,  electrolytic lb.  .  13V» 

Lake lb.  .13V. 

Lead,  N.  Y lb.  .04V. 

Nickel,  electrolytic lb.  .41 

Platinum,  refined,  soft oz.  93.00 

Quicksilver,  flask 75  lbs.  ea.  4.S.00 

Silver,  foreign oz.  .66V. 

Tin lb.  .31'/. 

Tungsten  Wolframite per  unit  2 .  50 

Zinc,  N.  Y 100  lbs.  4.S5 

FEBTILIZEB  MATERIALS 

Ammonium  Sulfate,  export.  ..100  lbs.  2.60 

Blood,  dried,  f.  o.  b.  N.  Y unit  3.50 

Bone,  3  and  50,  ground,  raw ton  30.00 

Calcium  Cyanamide,  unit  of  Am- 
monia   2.25 

Fish  Scrap,  domestic,  dried,  f.  o.  b. 

works unit  3.25  &  .  10 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton  5 ,  00 

Tennessee,  78-80% ton  8.00 

Potassium  Muriate,  80% unit  ,  76 

Pyrites,  furnace  size,  imported,  .unit  .  14 
Tankage,    high-grade,    f.    o.    b. 

Chicago unit  3.00  &  .  10 

•Resale  or  Imported  (not  an  American  maker's  price). 


Feb.   IS 

.14 
1.75 

.24 
•.24 
4.40 

.12'/, 

.35 
4.85 
2.15 

.93 

.06 

.  lOVt 
•.37 

.40 

.17 
2.89 

.08'/. 

.14 
*.09Vi 

.15 

.75 
1.75 
2.32 

.06 

.18 

.04 


.33 

.22 

.  10'/. 

.08 
06V. 

.08 

.86 

.42 
1.32 

.06 

.45 
6.45 

.36 

.67 

.30 
1.73 

.10 

.77 

.60 

.91 


.17 
4.45 
1.65 

.  13 'A 

.13 'A 

.04  V. 

.41 
93.00 
49.00 

.66'/. 

.31'/, 
2  SO 
4   SO 


3.60 

3.60 

30.00 

2.25 

3.25  &  .10 

a. 00 

8.00 
.78 

.14 

3 . 00  &  .16 
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COAL-TAR  CHEMICALS 


Feb.  1 


Feb.  la 


Crudes 

Anthracene.  80-85% lb. 

Benzene,  pure gal. 

Cresol,  U.  S.  P lb. 

Cresylic  Acid,  97-99% gal. 

Naphthalene,  flake lb. 

Phenol,  drums lb. 

Toluene,  pure gal. 

Xylene,  2  deg.  dist.  range gal. 

Intermediates 

Acids : 

Anthraailic lb. 

Benzoic  tech lb. 

Broenncr's lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Naphthionic,  crude lb. 

Nevile  &  Winther's lb. 

PhthaUc lb. 

Picric lb. 

Sulfanilic lb. 

Tobias' lb. 

Amiaoazobenzene lb. 

Aniline  Oil lb. 

AnUine  Salt lb. 

Anthraquinone lb. 

Bayer's  Salt lb. 

Benzaldehyde,  tech lb. 

U.S.  P lb. 

Benzidine  (base) lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dianisidine lb. 

^•Dichlorobenzene lb. 

Diethylaniline lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Dinitrott^uene lb. 

Diphenylamine lb. 

GSalt lb. 

Hydroquinol lb. 

Metol  (Rhodol) lb. 

Monochlorobenzene lb. 

Monoetbylaniline lb. 

a^Naphthylamine lb. 

^Kaphthylamine  (Sublimed) lb. 

b-Naphthol,  dist lb. 

m-Nitroaniline lb. 

^-Nitroaniline lb. 

Nitrobenzene,  crude lb. 

Rectified  (Oil  Mirbane) lb. 

^-Nitrophenol lb. 

^-Nitrosodimethylaniline lb. 

»-Nitrotoluene lb. 

^-Nitrotoluene lb. 

m-Phenylenediamine lb. 

^-Phenylenediamine lb. 

Phtbalic  Anhydride lb. 

Primuline  (Base) lb. 

R  Salt lb. 

Resorcinol,  tech lb. 

U.S-P lb. 

SchacfferSalt lb. 

Sodium  Naphtbionate lb. 

Thiocarbanilide lb. 

Tolidine  (Base) lb. 

Toluidine,  mixed lb. 

o-Toluidine lb. 

p-Toluidine lb. 

m-Toluylenediamine lb. 

Xylidine,  crude lb. 


Feb.  1 


.76 

.78 

.29 

.29 

.17 

.17 

.80 

.80 

.07Vi 

.071/, 

.11 

.12 

.30 

.30 

.45 

.45 

1.10 

.50 
1.55 
1.50 
2.00 

.90 
1.60 
2.30 

.65 
1.30 

.32 

.20 

.27 
1.60 
1.15 

.17 

.22 
1.60 
1.00 

.45 
1.25 

.90 

.70 
5.50 
4.75 

.15 

.60 

.38 

.21 

.25 

.60 

.70 
1.35 
3.50 

.10 
1.00 

.30 
1. 50 

.30 

.85 

.77 

.10 

.ll'/i 

.75 

.15 

.70 
1.10 
1.60 

.35 
3.00 

.60 
1.60 
2.00 

.70 

.70 

.40 
1.20 

.30 

.20 
1.00 
1.10 

.45 


1.10 

.50 
1.65 
1.50 
2.00 

.90 
1.60 
2.30 

.65 
1.30 

.32 

.20 

.24 
1.60 
1.15 

.17 

.20 
1.40 
1.00 

.45 
1.25 

.90 

.70 
6.50 
4.75 

.15 

.60 

.38 

.21 

.25 

.60 

.70 
1  35 
3.50 

.10 
1. 00 

.30 
1.60 

.30 

.85 

.77 

.10 

.nVi 

.76 

.16 

.70 
1.10 
1.60 

.35 
I.OO 

.60 
1.50 
>.00 

.70 

.70 

.40 
1.20 

.30 

.20 

1.00 

.1.10 

.45 


COAL-TAR  COLORS 


Acid  Colors 

BI«ck 

lb. 

.80 

.80 

Blue 

lb. 

1.50 

1.50 

Acid  Colors  {Concluded) 

Fuchstn lb. 

Orange  HI lb. 

Red lb. 

Alkali  Blue,  domestic lb. 

Azo  Carmine lb. 

Azo  Yellow lb. 

Erythrosin lb. 

Indigotin,  cone lb. 

Paste lb. 

Naphthol  Green lb. 

Ponceau lb. 

Scarlet  2R lb. 

Direct  Colors 

Black lb. 

Blue2B lb. 

Brown  R lb. 

Fast  Red lb. 

Yellow lb. 

Violet,  cone lb. 

Chrysophenine,  domestic lb. 

Congo  Red,  4B  Type lb. 

Primuline,  domestic lb. 

Oil  Colors 

Black lb. 

Blue lb. 

Orange lb. 

Red  in lb. 

Scarlet lb. 

Yellow lb. 

Nigrosine  Oil,  soluble lb. 

Sulfur  Colors 

Black lb. 

Blue,  domestic lb. 

Brown lb. 

Green lb. 

YeUow lb. 

Chrome  Colors 

Alizarin  Blue,  bright lb. 

Alizarin  Red,  20%  paste lb. 

Alizarin  Yellow  G lb 

Clirome  Black,  domestic lb. 

Chrome  Blue lb. 

Chrome  Green,  domestic lb. 

Chrome  Red lb. 

Gallbcyanin lb. 


Basic  Colors 

Auramine,  O,  domestic lb. 

Auramine,  OO lb. 

Bismarck  Brown  R lb. 

Bismarck  Brown  G , lb. 

Chrysoidine  R lb. 

Clirysoidinc  Y lb. 

Green  Crystals,  Brilliant lb. 

Indigo,  20%  paste lb. 

Fuchsin  Crystals,  domestic lb. 

Magenta  Acid,  domestic lb. 

Malachite  Green,  crystals lb. 

Methylene  Blue,  tech lb. 
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EDITORIALS 


The  President's  Message 

Following  the  daily  duties  of  the  laboratory;  reading 
journals  devoted  to  pure  and  applied  chemistrj';  Mstening  to 
discussions  by  chemists  of  things  near  to  chemists,  thoughts 
come,  on  which  I  ponder  earnestly.  These  thoughts  shape 
themselves  into  questions  addressed  to  myself.  They  are  so 
addressed  that  I  may  learn,  if  possible,  how  I  really  stand  on 
the  subjects  constantly  com- 
ing to  mind.  Usually,  I  start 
with  the  premise  that  I  am  an 
American — my  whole  family 
history  crying  out  to  me  that  I 
am  an  American.  Naturally, 
it  follows  that  my  first  duty 
then  is  to  stand  for  my  country 
in  everything  vitally  affecting 
her.  That,  she  expects  of  me. 
If  she  enters  upon  projects 
looking  to  her  own  advance- 
ment among  sister  nations,  it 
is  surely  incumbent  upon  me 
to  lend  a  helping  hand,  remem- 
bering that  the  greatest  battles 
in  the  life  and  development  of 
a  nation  are  fought  not  in  time 
of  war,  but  in  times  of  peace. 

The  consciousness  that  my 
country  is  endeavoring  to  es- 
tablish throughout  its  length 
and  breadth  industries,  having 
underlying  chemical  bases, 
makes  it  my  bounden  duty  as 
an  American  chemist  to  sacri- 
fice apparent  personal  interests 
that  her  ambitions  and  desires  may  be  realized. 

I  know  that  ever  since  the  United  States  came  into  existence 
the  Repubhc  has  sought  to  develop  along  industrial  chemical 
lines.  I  recall  an  enthusiastic,  loyal  group  of  American 
pioneers  in  chemistry,  laboring  without  hope  of  fee  or  reward, 
for  their  country —to  create  an  independent  chemical  industrj' 
in  their  homeland.     Shall  this  spirit  be  permitted  to  die? 

To-day,  I  behold  my  country  far  advanced  in  chemistry; 
eager  to  make  herself  quite  independent;  and  yet  the  goal,  to 
which  she  looks  and  toward  which  she  is  struggling,  is  threat- 
ened. Our  industries,  splendid  as  they  have  become,  are 
menaced.  There  are  so  many  conflicting  interests  pushing  to 
the  front.  We  say  we  desire  absolute  commercial  and 
intellectual  independence,  and  yet  do  not  our  acts  behe  our 
words?  Which  shall  it  be,  I  query  of  myself?  Is  it  country 
or  is  it  self  which  is  to  prevail  in  the  great  domain  of  chem- 
istry? 

Thus  ruminating,  it  is  recalled  when  the  early  states  had 
won  their  independence  and  sat  down  to  agree  upon  a  broad 
constitution  of  rights,  dissensions  arose;  and  that  for  which 
blood  had  been  shed  and  upon  which  every  hope  for  future 
welfare  rested  was  in  danger  of  being  lost  forever.  That 
early  scientist,  Franklin,  said  when  driven  to  despair  by  the 
fear  of  losing  all,  "We  shall  be  divided  by  our  little,  partial, 
local  interests;  our  projects  wiU  be  confounded,  and  we, 
ourselves,  shall  become  a  reproach  and  a  by-word  down  to 
future  ages." 


With  these  words  ringing  in  my  ears,  1  determine  "that  as 
for  me  and  my  house"  we  shall  stand  for  everything  making 
for  an  independent  chemical  industry,  for  those  who  manu- 
facture or  may  manufacture  products  requii'ed  in  the  pursuit 
of  the  science  on  a  large  scale  or  on  a  scale  convenient  for 
educational  research  and  teaching,  and  for  those  things  which 
win  insure  our  country's  absolute  independence  in  the  many 
ramifications    of    the   greatest    of    all    sciences — chemistry. 

Edgar  F.  Smith 


The  Engineers  Line  Up 

The  American  Engineermg  Council,  the  govern- 
ing body  of  the  Federated  American  Engineering 
Societies,  passed  the  following  report  of  its  Public 
Affairs  Committee  at  the  last  Council  meeting. 

Whereas,  what  is  known  as  the  Chemical  Dye 
Embargo,  provided  in  Title  V  of  the  Emergency 
Tariff  .A.ct,  which  will  expire  with  the  enactment  of 
the  permanent  tariff  bill,  and 

Whereas,  this  Title  was  excluded  from  the  regu- 
lar tariff  bill  now  before  the  House  of  Representa- 
tives, and 

Whereas  the  development  of  the  chemical 
industry  of  the  United  States  is  especially  important 
in  times  of  war. 

Be  it  resolved,  that  American  Engineeiing  Coun- 
cil approves  in  principle  Title  V  of  the  Emergency 
Tariff  Act  and  urges  that  either  this  Title  or 
other  similar  provisions  be  included  in  the  regular 
tariff  bill. 

The  Council  speaks  for  approximately  50,000 
engineers  who  thiis   register  their  support  of  the 


coal-tar  chemical  industry 


Actomism 

A  little  while  ago,  in  re- 
sponse to  an  expressed  need  for 
some  word  which  would  indi- 
cate optimism  plus  action,  the 
word  "actomist"  was  coined. 
An  actomist  is  an  optimist 
who  makes  the  most  of  every 
opportunity  to  apply  his  opti- 
mism and  who  does  not  confine 
his  efforts  to  breezy  sayings. 
This  is  an  opportune  time  to 
interest  chemists  in  actomism. 
The  industries  are  going 
through  very  trying  times, 
partly  caused  by  an  increase  in 
capacity  for  production  so  large 
that  the  former  normal  market 
is  insufficient .  Our  exports  for 
the  eight  months  ending  Feb- 
ruary 1922  were  about  46  per 
cent  greater  in  value  than  in 
1913.  Fortheeightmonthsend- 
ing  February  1922  our  exports 
were  valued  at  $2,480,425,797 
and  imports  at  $1,622,866,436.  Chemists  after  all  have 
greater  justification  for  optimism  than  most.  A  country 
producing  so  large  a  percentage  of  the  necessities  of  life  as 
come  from  the  United  States  cannot  remain  long  in  an  un- 
favorable position.  Of  the  world's  wheat  we  produce  22 
per  cent,  oats  35  per  cent,  cotton  60  per  cent,  corn  80  per 
cent,  dairy  products  25  per  cent,  pig  iron  50  per  cent,  petro- 
leum 50  per  cent,  paper  45  per  cent,  glass  25  per  cent,  steel 
products  50  per  cent.  These  typical  industries  and  many 
others  depend  in  some  way  or  other  upon  chemistrj'  for  their 
advancement  and  their  prosperity.  We  have  already  seen 
signs  of  increased  interest  on  the  part  of  manufacturers  in 
what  cliemistry  and  chemists  can  do  for  them.  We  know 
that  many  industries  must  have  large  export  markets  if 
their  production  is  to  reach  an  economical  stage.  We  know, 
too,  that  in  foreign  markets  protection  cannot  be  expected. 
There  is  only  one  answer.  Research  must  be  consistently 
and  continuously  supported  if  industry  as  a  whole  is  to  main- 
tain its  position.  But  before  industry  can  engage  in  research 
upon  an  adequate  scale  it  must  have  encouragement  at  home. 


The  Bureau  of  Foreign  and  Domestic  Commerce  wiU 
estabhsh  a  Chemical  Division  about  July  1.  This  Division 
will  maintain  an  intimate  contact  with  manufacturers  and 
win  guide  the  activities  of  the  thousand  government  repre- 
sentatives abroad,  thus  rendering  impro-\'ed  service  to  our 
chemical  manufacturers. 


April,  1922 
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A  Blessing  in  Disguise 


The  investigation  by  the  Senate  Committee,  to  detennine 
wlietlier  there  is  a  monopoly  of  the  dyestuffs  industry  in 
America  and  to  what  extent  efforts  have  been  made  to  in- 
fluence legislation,  got  under  way  after  several  ineffectual 
efforts. 

Those  who  heard  the  statement  of  the  prosecution,  repre- 
sented by  Senator  King  of  Utah,  were  struck  by  the  large 
number  of  inexcusable  errors  in  the  statements  and  were 
impressed  with  the  fact  that  the  Senator  really  knew  very 
httle  of  what  is  supposed  to  be  common  knowledge.  His 
statement  has  proved  to  be  a  blessing  in  disguise,  for  the  way 
has  been  opened  for  the  presentation  of  many  facts  and  a 
quantity  of  data  which  could  not  otherwise  have  been  offered 
in  full.  Not  only  have  the  errors  contained  been  disproved, 
but  many  have  been  shown  to  be  entirely  without  foundation, 
resting  on  rumors  and  alleged  facts.  The  opposition  has  not 
even  taken  the  trouble  to  cross-examine  many  of  the  witnesses 
who  have  been  heard  thus  far,  and  it  is  significant  that  aU  of 
those  who  have  appeared  have  come  without  subpoena  and 
have  shown  every  effort  to  assist  the  Committee. 

An  amusing  example  of  error  is  to  be  found  in  the  stress 
laid  upon  two  items  of  the  financial  statement  of  the  American 
Dyes  Institute,  one  a  rent  item  of  $40  and  the  other  a  $3000 
dinner  given  in  Washington  to  the  National  Cotton  Manu- 
facturers Association  by  the  Institute.  The  real  facts  are 
that  the  $3000  item  was  for  rent  paid  for  offices  in  New  York, 
while  the  $40  item  covered  the  traveling  expenses  of  the 
Secretary  of  the  Institute  who  attended  the  regular  dinner  of 
the  Cotton  Manufacturers,  which  was  held  not  in  Washington 
but  in  Boston. 

One  after  another,  those  who  have  testified  have  declared 
in  response  to  direct  questions  that  in  their  opinion  no 
monopoly  exists  and  that  no  monopoly  can  exist  in  an  in- 
dustry composed  of  so  many  parts.  It  has  been  pointed 
out  that  no  one  concern  can  ever  hope  to  make  more 
than  a  small  percentage  of  the  compounds  needed.  Man 
after  man,  whether  from  the  industry  or  with  other  connec- 
tions, has  stated  his  belief  that  the  limited  or  selective 
embargo,  with  a  tariff  to  assist  in  stopping  embargo  leaks,  is 
the  only  satisfactory  way  to  encourage  the  chemical  industry 
during  the  next  ten  years.  After  that  it  wUl  be  in  a  position 
to  meet  all  competition  mthout  special  assistance,  and  will 
stand  a  fair  chance  of  taking  the  place  in  the  world,  chemically 
speaking,  formerly  occupied  by  Germany. 

As  we  go  to  press  witnesses  continue  to  present  themselves, 
make  theii'  statements  under  oath,  and  endeavor  to  describe 
fully  and  in  detail  the  exact  situation  with  respect  to  the 
chemical  industry  and  the  efforts  which  have  rightfully  been 
made  to  present  a  true  picture  of  that  industry  in  its  many 
relations  to  the  American  public. 

We  arc  interested  in  what  is  to  come  from  the  investigation. 
Will  it  be  possible  to  bring  into  the  open  the  anti-American 
interests  which  are  steadily  at  work,  and  the  real  influences 
Ijehind  the  scenes  which  have  led  to  the  present  situation? 
We  are  not  interested  in  reading  further  volumes  of  Senate 
hearings.  It  would  be  unjust  to  consume  the  time  of  so 
many  executives  and  technical  men  to  no  purpose.  From  this 
hearing  we  hope  there  will  come  a  clear  understanding  of 
industrial  chemistry  in  all  its  relationships.  We  would  have 
Congress  understand  its  meaning  to  our  educational  program, 
our  scientific  research  in  many  fields,  and  our  desire  firmly 
to  establish  the  American  industry.  The  i)robe  will  fall 
short  of  what  is  needed  if  it  fails  to  c^lcar  the  situation  and 
make  it  possible  to  form  a  definife  policy  for  immediate 
application. 


EfBciency  in  the  Chemical  Warfare  Service 

The  treaty  to  abolish  poison  gases  does  not  in  any  way 
abolish  chemical  warfare.  In  fact,  it  is  carefully  brought 
out  in  the  treaty  that  the  nations  do  not  contemplate  giving 
up  research  incident  to  preparedness.  The  Chemical  War- 
fare Ser\'ice  is  just  as  essential  to  the  Army  and  Navy  to- 
day as  it  ever  was.  The  treaty  does  not  prohibit  nontoxic 
gases,  protective  smokes,  and  the  like.  It  does  not  concern 
research,  development,  and  proving,  which  must  be  con- 
tinued. 

The  Chemical  Warfare  Service  requested  an  appropriation 
of  $4,.500,000.  This  was  later  reduced  by  them  to  $1,500,- 
000,  as  the  minimum  scale  for  research,  the  maintenance  of 
the  arsenal  at  Edgewood,  and  the  purchase  of  necessary 
suppUes.  The  present  item  in  the  appropriation  bill  is 
$.500,000,  the  reduction  being  made  in  the  War  Department 
before  the  bill  was  sent  to  Congress.  If  this  amount  is  not 
increased  it  wOl  be  impossible  to  maintain  in  a  stand-by 
condition  the  plant  at  Edgewood,  costing  millions  of  dollars, 
suppUes  must  be  limited,  and  the  organization  must  be  re- 
duced to  not  more  than  three  hundred  men,  who  can  accom- 
plish comparatively  little  upon  the  great  number  of  pressing 
problems  which  should  be  attacked. 

The  American  Chemical  Society  feels  a  peculiar  pride  in 
the  Chemical  Warfare  Service.  It  was  active  in  its  estab- 
lishment.   It  has  a  responsibUity  for  its  future. 


The  Earning  Power  of  Research 

From  among  the  many  samples  of  research  which  has 
paid  not  only  in  money  but  in  direct  benefits  to  mankind 
we  may  cite  research  supported  by  the  American  Telephone 
and  Telegraph  Company,  and  particularly  by  its  subsidiary, 
the  Western  Electric  Company.  Beginning  with  studies  on 
the  radioactivity  of  matter,  the  audion  bulb  has  been  de- 
veloped. To  this  device  we  owe  much.  The  ability  to 
admit,  by  means  of  the  audion,  energy  from  storage  batteries 
to  strengthen  sound  waves  without  altering  their  other 
characteristics  makes  possible  the  present  satisfactory  long 
distance  telephone  message.  Losses  on  the  lines  can  be 
replaced,  and  a  proper  balance  can  be  obtained  under  difficult 
conditions.  It  is  also  vital  to  wireless  telephony  and  has 
apphcations  in  the  field  of  scientific  research  which  are  just 
being  investigated.  Its  use  in  ear  phones  wloich  permit 
anyone  who  can  use  a  telephone  to  hear  conversations  with- 
out the  annoyance  which  is  so  frequently  experienced  with 
other  devices  bids  fair  to  be  a  blessing.  Its  earning  power 
can  best  be  realized  when  it  is  recalled  that  other  lines  of 
research  upon  the  problem  of  increasing  the  useful  radius  of 
telephonic  communication  involved  the  reconstruction  of  all 
telephone  instruments.  This  research  made  it  possible  to 
extend  the  useful  radius  of  every  existing  telephone  more 
than  a  thousand  miles  without  the  large  expenditure  other- 
wise necessary.  From  the  experiences  of  the  industrial 
group  in  question  a  long  list  of  examples  might  be  taken  to 
show  the  earning  power  of  research.  For  it  is  only  through 
the  continual  quest  of  new  scientific  facts  and  their  applica- 
tion to  the  problems  of  communication  that  it  has  been 
possible  to  serve  the  public  efficiently  and  at  reasonable  cost. 


The  first  reply  to  our  request  in  the  February  Journal 
for  data  descriptive  of  the  "Earning  Power  of  Research"  is 
the  article  on  Pyrex,  printed  on  page  330  of  this  issue.  We 
hope  that  tiiis  acceptance  of  our  invitation  will  be  followed 
by  many  others. 
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The  U.   S.   Government  Explosives  Plant, 
Nitro,   West  Virginia" 

I — Some  Phases  of  the  Oi'ganization,  Design,  Construction,  and  Operation 


By  March  F.  Chase^ 

L.  L.  Summers  &  Co.,  140  Nassau  St.,  New  York,  N.  Y. 


AFTER  the  entry  of  the  United  States  into  the  war, 
it  became  evident  that  the  requirements  for  propellent 
powder  would  greatly  exceed  the  production  from 
government  and  private  plants. 

Wliile  large  private  plants  had  been  buUt  in  this  country 
after  the  start  of  the  European  war,  the  undertaking  of 
building  a  government  plant  involving  such  a  highly  techni- 
cal subject  as  smokeless  powder  requu'ed  a  very  careful  and 
intensive  study  of  methods  of  design  and  construction. 
In  the  beginning  there  were  five  essential  requirements: 

1 — That  the  plant  should  be  an  integrated  one  and  be  built  di- 
rectly by  the  War  Department. 

2 — That  it  should  produce  the  quantity  and  quality  of  powder 
specified. 

3 — That  the  construction  proceed  as  rapidly  as  possible. 

4 — That  construction  materials  be  consei-ved  to  the  greatest 
extent  possible. 

5 — That  it  be  designed  to  operate  as  efficiently  as  possible  as 
regards  the  consumption  of  raw  materials. 

It  is  the  object  of  this  paper  to  show  the  general  methods 
used  to  accompUsh  the  above  and  to  give  for  illustrative  pur- 
poses a  detailed  description  of  how  the  poheies  adopted  worked 
out  in  the  design  of  special  units. 

In  the  beginning  one  must  get  clearly  in  mind  that  the  prob- 
lem handed  to  the  director  was  simply  to  build  on  a  selected 
site  a  smokeless  powder  plant  to  produce  62.5,000  pounds  of 
smokeless  powder  per  day  and  to  have  this  production  avail- 
able within  the  shortest  possible  tune. 

An  integrated  smokeless  powder  plant  involves  six  highly 
technical  operations  in  addition  to  the  general  operations 
incident  to  every  industrial  plant: 

1 — Manufacture  of  sulfuric  acid. 

2 — Manufacture  of  nitric  acid. 

3 — Cotton  purification  and  bleaching.  « 

4 — Nitrating  of  cotton. 

5 — Colloiding  of  nitrocellulose. 

6 — Drying  of  smokeless  powder. 

As  a  first  step  there  was  established  a  separate  unit  of 
the  War  Department  designated  United  States  Explosives 
Plants.  Mr.  D.  C.  Jackling  was  appointed  director  and  was 
given  extremely  broad  powers.  With  nothing  but  a  commis- 
sion and  a  plant  site,  Mr.  Jackhng  started  in  December  1917 
to  buOd  the  largest  completely  integrated  smokeless  powder 
plant  ever  attempted  in  this  country.  The  first  manufac- 
turing unit  was  started  in  June  1918  and  the  first  powder  was 
produced  September  14,  1918. 

As  the  first  step  in  developing  his  organization  the  di- 
rector established  three  divisions: 

1 — Director's  staff. 

2 — Contractor's  organization  in  charge  of  field  work. 

3 — Architectural  organization. 

The  director's  staff  was  recruited  from  civil  life  and  in- 
cluded experts  in  every  line  of  activity  involved  in  the  opera- 

'  Received  February  27,   1922. 

2  Consulting  Engineer.     Formerly  Assistant  Director  of  U.  S.  Govern- 
ment Explosives  Plants;  formerly  member  of  War  Industries  Board. 


tion.  This  staff  supplied  the  information  for  the  architects, 
approved  plans  and  specifications,  approved  purchase  con- 
tracts for  the  construction  department,  made  payments  to 
vendors  on  vouchers  from  the  construction  department, 
and  took  charge  of  relations  between  the  U.  S.  Explosives 
Plants  unit  and  other  governmental  Ijureaus.  A  skeleton 
organization  was  soon  formed,  by  appointment,  of  a  number 
of  men  to  the  director's  staff,  of  a  large  contracting  firm  to 
take  charge  of  field  work,  and  a  firm  of  architects  to  direct 
the  preparation  of  the  plans. 

The  personnel  of  these  three  divisions  was  rapidly  aug- 
mented by  the  services  of  men  and  organizations  to  take  over 
certain  special  Unes  of  work,  but  throughout  the  entii-e  con- 
struction work  no  modification  was  made  in  this  plan  of  the 
three  separate  general  divisions. 

It  was  quite  ob\'ious  that  at  the  outset  old  estabUshed 
methods  of  procedure  could  not  be  followed  as  the  time  was 
limited  and  the  construction  work,  design,  statement  of 
requirements,  and  equipment  ordering  all  had  to  proceed  at 
the  same  time.  The  work  was  still  further  complicated  by 
the  fact  that  continual  changes  had  to  be  made  in  design  on 
account  of  rapidly  changing  methods  of  manufacture  and  the 
necessity  of  substitution  of  equipment  because  of  the  lack  of 
time  to  obtain  certain  standard  equipment. 

Starting  wth  the  basic  requirements — cotton,  alcohol, 
sulfuric  and  nitric  acid — there  had  to  be  developed  the  total 
requirements  for  the  complete  plant.  This  was  done  as 
follows : 

A  simple  flow  sheet  was  first  prepared  showing  the  amount 
of  basic  raw  materials.  This  was  then  submitted  to  expert 
engineers,  each  one  preparing  a  rough  flow  sheet  as  to  the 
requirements  in  his  particular  subject.  These  figures  were 
then  put  together  to  estabUsh  a  general  idea  of  the  magnitude 
of  each  operation.  At  the  same  time  the  architects  started 
the  design  of  plant  units;  as  an  example,  the  design  of  one 
sulfuric  acid  unit  was  started,  the  design  of  one  cotton 
purification  building  was  started,  the  design  of  one  powder 
mixing  house  was  started.  At  the  same  time  a  general  plant 
layout  was  prepared  and  arbitrarily  a  site  was  selected  for 
the  first  housing.  This  permitted  the  field  workers  to  start 
work  on  temporary  housing  for  construction  workers. 

The  next  step  was  to  create  a  small  board  or  comtnittee 
within  the  director's  staff,  of  men  who  were  generally  fa- 
miliar with  aU  operations  connected  with  smokeless  powder 
manufacture.  Then  each  operation  was  assigned  to  a  sepa- 
rate engineer  who  was  a  speciaUst  in  his  particular  subject. 
Architects  divided  their  work  in  a  similar  manner  and  each 
expert  of  the  director's  staff  worked  directly  with  the  group 
of  draftsmen  preparing  the  plans  on  the  unit  in  which  the 
expert  was  interested. 

A  brief  general  description  of  the  process  and  plant  follows 
in  order  to  give  a  clear  understanding  of  just  how  the  system 
of  design  and  construction  was  applied. 

Smokeless  powder,  or  colloided  nitrocellulose,  the  most  ex- 
tensively used  propellant  in  the  World  War,  is  manufac- 
tured in  the  United  States  by  nitrating  with  mixed  acid 
(21.5  per  cent  of  100  per  cent  nitric  acid,  63  per  cent  of  100 
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Genkrau  Noths 
Sulfuric  Acid  Plant — Contact  Process 
Nitric  Acid  Plant— Sodium  Nitrate  Distillation  Process 
Spent  Acid  Recuvuky  Plant — Steain  Dcnitration  Process, 

Duriron  Cascndo  System,  Concentration  Process 
Mechanical  Dki-aktmEnt — General   Maintenance  Shops, 

Operating  Tools  and  Supplies 
PownK  Plant — 

Boiler  Houses:  34 — 1043  rated  horse  power  Boik-rs 
Power  House:      3 — 1250  KVA  Turbo-generators 

6 — 1146  cu.  ft.  per  min.  Air  Compressors 
8—6000  gal.  per  min.  Filtered- Water  Pumps 


Power  House:  3 — SflOO  gal.  i>er  min.  Fire  Pumps 

2 — 2600  gal.  per  min.  Booster  Pumps 
RiiFRiGERATiON  Plant — AbsorplioFi  System 

NoTK — Capacities  and  requirements  given  are  for  a  24-hour 
period  except  for  Steam  and  Klectric  Power.  The  quantities 
of  Steam  are  given  in  pounds  per  hour  The  figures  given  for 
Electric  Power  an-  the  pi\)l)aljlf  maximum  riites  of  demand. 

Figures  given  do   not   include    the   requirements  of  pro- 
posed extensions  to  the  Village. 

Quantities  for  Compressed  Air  and  Sewage  arc  not  given 
on  account  of  totals  not  being  available. 
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per  cent  sulfuric  acid,  and  15.5  per  cent  water)  a  thoroughly 
digested  mixture  of  varying  proportions  of  cotton  linters  and 
hull  fiber  after  they  have  been  purified  and  bleached.  The 
spent  acids  are  removed  by  centrifuging  and  the  nitrocellu- 
lose is  then  purified  by  boiling  and  pulping  in  a  manner 
sunilar  to  the  purification  of  wood  pulp.  The  resulting 
nitrocellulose  has  an  N;  content  of  12.50  to  12.70  per  cent. 
To  make  the  smokeless  powder,  the  nitrocellulose  is  col- 
loided  with  ether  containing  diphenylamine,  a  stabilizer, 
after  the  last  trace  of  water  has  been  displaced  by  ethyl  alcohol 
under  hydraulic  pressure.  The  alcohol,  with  the  ether,  also 
acts  as  a  solvent  in  forming  the  colloid.  The  chemically 
finished  powder  is  then  run  through  a  finishing  press 
known  as  a  "macaroni  press"  which  squeezes  it  through 
dies  of  the  required  cross  section.  The  strings  of  powder 
are  then  granulated,  i.  e.,  cut  to  proper  length.  After  the 
excess  solvent  has  been  recovered  and  the  powder  thoroughly 
dried,  it  is  blended  with  other  lots  to  give  uniformity.  It 
is  then  ready  for  packing  and  shipment.  These  various 
processes  require  a  period  of  approximately  .30  days. 

Raw  Materials 

The  raw  materials  necessary  for  the  manufacture  of  smoke- 
less powder  are  cotton,  caustic,  bleach,  nitric  acid,  sulfuric 
acid,  alcohol,  ether,  diphenylamine,  and  water.  Large  quan- 
tities of  steam,  electricity,  and  compressed  air  are'  also  con- 
sumed. 

To  produce  625,000  lbs.  of  smokeless  per  24-hr.  day  dur- 
ing the  war,  when  the  industries  producing  the  raw  materials 
were  already  overtaxed,  it  was  necessary  also  to  manufac- 
ture the  nitric  and  sulfuric  acid  and  the  ether.  Furthermore 
to  produce  this  quantity  of  powder  economically  called  for 
the  recovery  and  restoration  of  the  "black"  caustic  from  the 
cotton  purification,  the  spent  acid  from  the  nitrating,  and  the 
residual  solvent  alcohol  and  ether  from  the  colloiding  parts 
of  the  process. 


The  quantities  of  water,  steam,  gas,  electricity,  and  com- 
pressed air  used  in  the  process  and  the  waste  sewage  re- 
sulting therefrom  necessitated  the  installation  of  all  these 
utihties.  As  it  would  be  manifestly  impossible  to  erect  an 
explosive  plant  in  the  \'icinity  of  a  city  capable  of  housing 
the  employees,  it  was  decided  that  a  complete  town  would 
have  to  be  erected.  It  was  decided  by  the  Government 
that  the  plant  should  be  located  on  the  east  bank  of  the  Great 
Kanawha  River  about  sixteen  miles  west  of  Charleston, 
W.  Va.  A  tract  of  ground  of  sufficient  size,  shape,  and 
topography  suitable  for  the  construction  of  a  plant  of  this 
type,  with  fairly  good  facilities  for  the  transportation  of  the 
raw  materials  and  supplies  by  rail  and  by  water,  with  large 
developed  supplies  of  coal,  oil,  and  natural  gas  nearby,  and 
with  a  city  of  considerable  number  of  employees  during  the 
early  period  of  the  construction  of  the  plant,  and  mth  a 
strategic  location  with  reference  to  the  points  to  which  the 
finished  product  was  to  be  shipped,  were  the  reasons  for 
selecting  this  site. 

The  name  "Nitro"  given  to  the  plant  and  town  is  an  ab- 
breviation of  the  word  "nitrocellulose." 

Plant  Subdivisions 
Tlie  plant  was  divided  into  the  following  areas: 

1 — Plant  Areas: 

B — Sulfuric  acid 

C — Nitric  and  spent  acid  recovery 
E — Cotton  purification  and  bleaching 
F — Nitration  pulping  and  purification 

H — Administrative  box  factory  highway  and  plant  railroad 
J — Mechanical 

K — Power  department  and  power  distribution 
L — Colloiding 
M — Drying 

N — Storage  and  shipping 
U — Proving  ground  and  rifle  range 
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2 — HoDsnio  Arras: 

A — Foreign  and  colored  employees'  quarters 

O — Skilled  mechanics'  quarters  and  recreation  grounds 

P — Skilled  mechanics  and  unskilled  white  Americans 

R — Executive  residences,  skilled  mechanics  and  civic  center 

S — Skilled  mechanics  and  military  guards  and  general  hospital 

To  conform  to  the  general  scheme  of  dividing  the  plant 
into  geographic  areas,  certain  technical  areas  were  created 
which  were  common  to  one  or  more  areas: 

3 — Tbchnical  Arbas: 

D — Plant  railroads  and  equipment 
G — Buildings  and  structures 
Q — Fire  protection  and  safety 
T — Water  works  and  distributions 


V — Sewerage 

W — General  equipment  and  construction 
X — Preparation  of  site 
Y — Chemical  laboratories 
Z — Municipal  organization  and  welfare 
ZZ — Gas  distribution 

The  power  plant,  administration,  and  mechanical  areas 
were  centrally  located,  and  the  processes  were  grouped 
around  these  in  such  a  way  that  tlie  product  would  flow 
naturally  from  one  to  the  other. 

Unit  System  op  Preliminary  Deteruhnation 

In  the  design  there  were  two  kinds  of  requirements  that 
had  to  be  always  kept  in  mind:    those  that  would  be  pro- 
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-I'nit  Svstem  of  Preliminarv  Determination  Based  on  Production 
of  62o'i000  Lbs.  of  Smokeless  Powder  per  24-Hr.  Day 
Raw  Materials 


Unit  Amount 

PER  Lb.  Fin- 

Total 

ished  Smoke- 

Item 

Amount 

Unit 

less  Powder 

Sulfur 

600,000   1 

0.96 

Sodium  nitrate,  ... 

1,3.50.000 

2.16 

Raw  cotton 

550,000 

0.88 

Soda  ash 

34.000 

0.0544 

Lime 

110,000 

)■  Lbs.  per  24  hrs. 

0.176 

Bleach 

12,500 

0.020 

Diphenylaraine...  . 

3,12.5 

0.005 

Ethyl  alcohol 

300,000 

0.480 

Sheet  zinc 

26,000 

0.0416 

Lumber 

79,800 

Bd.  ft.  per  24  hrs. 

UlililUs 

0.1278 

Water- 

Raw 

30.174,000 

Gals,  per  24  hrs. 

48.24 

Filtered 

32,112,000 

Gals,  per  24  hrs. 

51.37 

Total 

62,280,000 

Gals,  per  24  hrs. 

99.61 

Gas 

8,996,000 

Cu.  ft.  per  24  hrs. 

14.38 

Coal 

2,000 

Tons  per  24  hrs. 

0.0032 

Steam 

1,680,308 

Lb.  per  hr. 

2.6881 

Electricity 

19,884 

KVA  max. 

0.0319 

Refrigeration: 

Brine        cooling 

equiv.       melt- 

ing ice 

1,260 

Tons  per  24  hrs. 

0.002 

Ice  making 

50 

Tons  per  24  hrs. 

0.00008 

Compressed  air.  .  . 

10,954 

Cu.  ft.  free  air  per  min. 

0.0175 

Sewers: 

Sanitary 

2.50 

Gals,  per  cap.  per  24  hr. 

Storm 

1 

Inch  rainfall  per  hr. 

vided  from  outside  sources,  and  those  that  would  be  taken 
care  of  by  other  departments  of  the  plant. 

The  flow  sheets,  both  general  and  detailed,  did  not  differ- 
entiate between  these  two  kinds  of  requirements.  They  were 
ordinary  flow  sheets  as  commonly  prepared  in  any  engineer- 
ing undertaking,  the  only  new  features  possibly  being  the 
form  of  the  final  flow  .sheet  which  is  shown  in  Fig,  1,  p.  261. 

To  preserve  at  aU  times  in  the  design  a  perfectly  balanced 
plant,  it  was  necessary  to  devise  an  accurate  and  flexible 
system  of  stating  fuU  requirements  that  were  to  be  provided 
for  any  department  from  general  plant  operations.     This 


was  accomplished  by  gathering  on  charts  the  requirements 
which  a  department  had  to  provide  for  other  departments  and 
reducing  the  totals  to  units  per  pound  of  smokeless  powder. 
For  want  of  a  better  term,  this  system  was  designated  the 
unit  system  of  prehminarj'  determination.  In  all  there  were 
about  twenty  of  these  charts  prepared,  and  none  of  them  were 
fiiiished  until  the  design  and  construction  had  been  practically 
completed.  From  these  charts  the  total  raw  material  re- 
quirements were  tabulated  and  are  shown  in  final  form  in 
Table  I.  Tables  II  and  III  are  copies  of  the  final  chart  pre- 
pared for  the  utilities.  These  charts  were  being  continually 
corrected  and  re^dsed  as  time  went  on.  Any  change  in  proc- 
ess or  in  design  was  immediately  noted  on  these  charts,  and 
each  one  that  was  affected  by  the  change  was  corrected  so  that 
the  board  of  governing  engineers  had  at  any  time  a  complete 
statement  of  the  total  capacities  of  eveiy  kind  to  be  ar- 
ranged for. 

In  addition  to  the  flow  sheets  and  unit  charts  there  were 
prepared  dia.grammatic  process  charts  which  are  illustrated 
in  Sheets  1  to  9,  inclusive.  These  process  charts  were  to 
enable  draftsmen  and  engineers  unacquainted  with  the  proc- 
ess to  get  at  a  glance  the  general  design  and  flow  of  material 
in  a  given  process. 

The  whole  system  of  organization  for  the  design  was  thus 
carried  out  with  little  or  no  confusion  and  a  minimum  chance 
of  error,  and  a  very  short  time  was  required  for  establishing  a 
complete  file  of  data.  It  was  found  that  the  designing  work 
could  proceed  in  all  departments  at  the  same  time  and  if  it 
was  necessarj'  to  change  the  design  in  any  department  its 
effect  on  any  other  department  was  immediately  taken  care 
of  with  practically  no  loss  of  time.  The  engineers  in  charge 
of  the  preparation  of  the  requirement  charts  were  all  experts 
in  their  particular  line  and  they  were  afterwards  used  as 
supervising  engineers  in  the  construction  department. 
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Tahm;  II — Unit  System  of  Preliminary  Determination:    Utilities  by  Areas 
(Based  on  production  625,000  lbs   smokeless  powder  per  24  hrs.) 
Water  in  gals.  24  hrs. 

Amt.2  per  Unit  ^ — Amt.  per  Lb.  Smokbi.ess  Powder — 

Total  Raw  Total  Filtered  Total  Area  ot  Area  Prod.  Raw  Filtered  Total  Area 

Sulfuric  Area 

Absorber  buildings 1,209,600  1.94 

Lead  tower 18,400  .83 

SO'  coolers 1.728,00(1  2.76 

Total 3,456,000  3,456,000  .5,370'  TTEs  5.53 

Nitric  Acid  and  Spent  Acid  Recovery  Area 

Nitric  acid  and  denitration 2,160,000  864,000  3.46  1   38 

Niter-cake  flume 2,448,000  3.92  

Wash  water  filters 2,016,000  .  .  .  .  3 .  23 

Total 4,608,000  2,880,000  7,488,000  13,000=  7.38  4.61  11.99 

Raw  Cotton  Purification  and  Bleaching  Area 

Puri6cation  houses 5,760,000  ....  9.22 

Evaporation  building 10,080,000                        16    10  .... 

Total 10,080,000                5,760,000               15,840,000                    03.300'  lU.IO  9.22                     25.32 

Nitration,  Pulping  and  Purification  Area 

Drowning  sump  houses 6,480,000  10.38 

Pulping  houses 1,800,000  2.88 

Poacher 7,200,000  11.. 'lO 

Total 15,480,000  15,480,000  24.70  24.76  24.76 

Coltoiding  Area 
Ether  and  alcohol  houses 7,200,000  7,200,000  11.50  11.50  11.50 

Drying  Area 

Refrigeration  plant 4,320,000  6.9' 

Water  dry  houses 216,000  0.35 

Total 4,536,000  4,536,000  7.26  7.26  7.26 

Power  Area 

Turbo-generator  and  auxiliary 4,830,000  7.73  .... 

Service  and  cooling  water 2.160,000  6,046,000  .  .  .  .  0.34 

Total 4.830,000  2,160,000  5,046,000  7.73  0.34  8.07 

»  Domestic  and  General  Service  Area 

3,240,000  3,240,000  100<  5.18     .  5.18 

Totals 30,174,000  32,112,000  62,286,000  48.24  51.37  49.61 

'  Based  on  644  tons  100  per  cent  HiS04  per  24  hrs. 
2  Based  on  576  tons  100  per  cent  HNOj  per  24  hrs. 
'  Based  on  250  tons  purified  cotton  per  24  hrs. 
<  Based  on  32,400  inhabitants. 

Genebal  Policy  of  Construction  ttat  the  system  employed  for  directing  the  woik  was  rapidly 

becoming  ineffective.  To  correct  this  difficulty,  an  execu- 
The  operation  of  the  plant  was  undertaken  by  one  of  the  tive  committee  was  formed  composed  of  representatives  of 
large  powder  companies.  It  was  necessary  that  this  com-  the  director,  contractor,  architect,  and  the  operating  com- 
pany start  operations  before  the  construction  of  the  plant  pany.  This  executive  committee  had  final  and  full  juris- 
was  completed.  As  may  be  readily  seen,  this  introduced  diction  over  every  matter  pertaining  to  design,  construction, 
serious  additional  complications.    It  soon  became  evident  and  operation. 
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In  general  the  construction  proceeded  in  the  same  order  as 
the  flow  of  product.  For  the  purpose  of  speedy  construction 
it  was  necessary  to  construct  temporary  sewers,  tracks,  and 
water  lines.  These  were  so  constructed  as  not  to  interfere 
mth  the  permanent  systems  afterward  put  in. 

Team  work,  cooperation  and  harmonious  action  between 
the  various  organizations  were  of  primary  importance.  A 
change  in  design  or  delay  in  construction  not  only  affected 
the  immediate  organization  or  portion  of  the  plant  concerned, 
but  almost  in  every  case  had  a  bearing  on  every  other  part  of 
the  work.  This  effect  was  much  more  serious  in  construc- 
tion than  it  was  in  the  design,  but  the  elimination  of  all 
difficulties  of  this  character  was  accomplished  through  the 
committee  mentioned  above.  This  committee  met  daily  and 
discussed  and  settled  all  questions  involving  priority  of  work, 
change  in  design,  etc.  The  first  order  of  business  of  the  com- 
mittee was  to  report  on  the  progi-ess  of  each  phase  of  the  con- 
struction. Any  construction  which  was  behind  was  reported 
to  the  proper  executive  whose  duty  and  authority  it  was  to 
see  that  sufficient  men  and  materials  were  diverted  to  this 
work  to  enable  it  to  regain  its  place  in  the  general  procession. 
The  second  order  of  business  was  to  report  on  similar  work 
wliich  had  been  assigned  at  a  previous  meeting.  Questions 
of  change  in  design  were  discussed  at  these  meetings  in  the 


same  way.  For  example,  the  construction  manager  and  de- 
signing engineers  might  develop  a  design  which  would  be 
excellent  from  the  construction  standpoint  but  which  in  the 
experience  of  the  operators  might  be  unworkable  or  which 
might  change  the  requirements  of  one  of  the  utilities  for  a 
particular   section. 

In  this  committee  the  effect  of  the  change  was  considered 
from  each  standpoint  and  the  resultant  design  thus  embodied 
all  viewpoints  capable  of  support  by  sound  reasoning.  Fur- 
thermore, any  change  in  the  unit  requirements  was  immedi- 
ately apparent  and  the  interested  departments  received 
instant  notification. 

It  is  worthy  of  note  not  only  that  the  executive  com- 
mittee immediately  corrected  the  difficulties  that  had  arisen 
by  reason  of  the  injection  of  the  operating  organization,  but 
also  that  such  a  complete  change  in  method  of  control  of  a 
big  engineering  undertaking  could  be  made  practically  over 
night  without  in  any  way  disrupting  the  organizations  con- 
cerned. While  the  director  of  course  had  authority  to 
make  final  decisions  in  any  case,  never  once  after  the  forma- 
tion of  the  executive  committee  was  he  called  upon  to  ren- 
der a  decision  by  reason  of  the  inability  of  the  committee 
to  agree. 

The  duties  of  the  director's  staff  were  to  supply  all  the 


Table  III — Unit  System  o?  PreliminaryIDetermination:    Utilities  by  Areas 
(Based  on  production  625,000  lbs.  smokele.ss  powder  per  24  hrs.) 


Sulfuric  area 

Nitric  acid  and  spent  recovery 

^ Steam  in  Lbs. 

Per  Unit  of 
Total         Area  Prod. 
2,840               4.37' 

41,446             71.802 

305,120         1220. 0> 

621,000               0.994 
88,355               0.141 
245,000               0.393 
280,000 
7,060 

89,487               2.8* 
1,680,308                ...;. 

II. 

t 

ating  plants 

Hr. . 

Per  Lb. 

Smokeless 

0.0046 

0.0662 

0.4870 

0.9940 
0.1410 
0.3930 
0.4480 
0.0113 

0.1430 
2.6881 

' — Electricity  in  KVA  Max. — n 

Per  Unit  of       Per  Lb. 
Total             Area  Prod.      Smokeless 
2,215                 3.40'               0.0036 

806                 1.4=                0.0013 

2,459                 9.8"                0.0039 

4,410                0.0071            0.0071 

4,946                 0.0079           0.0079 

1,374                  0.0022            0.0022 

282                 0.0005           0.0005 

325                  0.0005            0.0005 

3,067                  0.095<             0.0049 
19,884                    ....              0.0319 

. Gas 

Total 
3,660,000 

3,836,000 

1,500.000 
8,996,000 

IN  Cu.  FT.  24 

Per  Unit  of 

Area  Prod. 

5,680' 

6,660" 
46.3' 

Hrs. . 

Per  Lb 

Smokeless 
5.85 

6.13 

Raw     cotton     purification     and 

Nitration  pulping  and  purifica- 

Domestic    and    general    service 

2.40 

14.38 

1.  «.  ',  <  See  footnotes.  Table 

'    6,920  lbs.  from  boiler  plar 

S2,.'i67  lbs.  from  isolated  he 

),487  lbs. 
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technical  information  necessary  for  the  design.  This  was 
done  by  dividing  the  work  into  about  twenty  subdivisions; 
the  work  of  each  subdivision  was  correlated  by  a  small  grouj) 
of^men  in  the  director's  staff.  The  same  subdivisions  were 
used  in  the  contractor's  division  and  in  the  architect's  division. 


Each  subdivision  of  all  the  general  divisions  was  in  charge 
of  an  experienced  man.  There  were  created  small  coni- 
inittei's  of  four  men  each,  representing  all  of  the  activities  of 
any  department,  and  the  work  of  these  men  was  finally  cor- 
related through  the  main  executive  committee. 
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The  above  is  a  very  general  outline  of  the  organization 
used  to  build  the  plant  and  the  methods  by  which  the  work 
was  accomplished.  The  magnitude  of  the  problem  and  the 
success  which  attended  its  solution  can  best  be  attested  by  a 
brief  summary  of  what  was  accomplished. 

The  plant  site  occupies  1772.10  acres  of  which  1209.57 
acres  or  68  per  cent  were  available  for  plant  buildings  or  hous- 
ing. 

In  designing  and  constructing  the  plant  4325  draviings 
were  made  and  4235  specifications  prepared.  Over  20,000 
purchase  orders  were  placed,  covering  items  of  plant  equip- 
ment and  material,  and  37,236  cars  of  material  were  received 
at  the  plant.  The  accounting  department  handled  over 
58,000  invoices  under  20,600  vouchers,  paid  45,000  freight, 
express,  steamboat,  and  demurrage  bills,  made  4000  adjust- 
ment claims,  and  sent  out  over  45,000  letters  and  communi- 
cations. 

The  principal  materials  used  in  the  construction  of  the 
plant  were  as  follows: 


Units 


2852 

2225 

Bbls. 

1532 

Tons 

4269 

Tons 

1.531 

[  Tons  ) 
Feet  ( 

1060 

2006 

Bd.  ft. 

4339 

M.^TERiAL  Quantity 

Ballast 

Brick  (all  kinds) 30.000,000 

Cement 335,448 

Stone 435,067 

Sand 123.504 

Iron  pipe:  c.i 9,938, 

screw 4,486,087 

Houses,  portable 

Lumber 110.152,000 

Lath 4,170,900 


A  total  of  86,547  men  were  enrolled.  The  average  field 
force  employed  was  9048.  The  average  turnover  was  9.56 
or  74  per  cent  per  month,  and  the  average  length  of  service 
was  40  days.  The  maximum  number  on  the  payroU  was 
18,828,  and  the  payroll  for  that  week  was  $852,343.83.  All 
labor  on  an  hourly  basis  wa.s  paid  time  and  one-half  for  over- 


time and  double  time  for  Sundays.  The  working  day  was 
10  hrs.,  but  the  men  were  paid  on  an  8-hr.  basis,  or  for  11  hrs. 
The  labor  was  divided  into  9233  skilled,  5959  unskilled, 
and  3536  all  others.  On  November  11,  1918,  the  operating 
force  numbered  4550  of  which  250  were  women. 


Fatal  Explosion  and  Fire 

A  fatal  explosion  and  fire  occurred  at  the  plant  of  E.  L.  Gowdy 
Co.,  Brockton,  Mass.,  January  19,  1922.  The  business  of  the 
company  consists  of  impregnating  wool  felt  with  shellac  and 
rosin  dissolved  in  denatured  alcohol.  The  felt  thus  treated  is 
dried  by  heat  and  cut  into  pieces  for  use  in  the  box  toes  of  shoes. 

In  the  process,  the  felt  is  fed  over  dehydrating  cylinders 
into  the  saturating  solution,  in  which  it  is  completely  immersed, 
then  through  a  wringer  into  the  main  oven,  built  of  galvanized 
iron.  In  the  oven  it  passes  over  a  stack  of  four  unheated  gal- 
vanized sheet  iron  cylinders,  through  a  partition  into  a  second 
compartment,  over  eight  steam-heated  cylinders,  and  out  over 
eighteen  heated  cylinders  at  the  rear  of  the  oven,  to  a  beach 
where  it  is  cut  into  sheets.  Exhaust  fans  attached  to  the  oven 
remove  the  alcohol  vapors,  which  are  recovered  by  passing 
through  an  outside  condenser.  The  oven  cylinders  and  those 
at  the  rear  are  wrapped  in  paper  to  prevent  the  solution  from 
sticking  to  the  iron.  This  paper  gradually  becomes  coated  with 
dried  shellac  and  rosin,  and  is  removed  every  few  days. 

The  explosion  occurred  in  the  second  compartment  of  the 
oven.  In  the  opinion  of  Mr.  Walter  L.  Wedger,  the  State  official 
who  investigated  the  explosion,  it  was  caused  by  a  spark  of 
static  electricity,  generated  in  dangerous  intensity  on  the  shellac- 
coated  paper  on  the  cylinders  in  the  second  compartment  of  the 
oven,  caused  by  the  passage  of  the  felt  over  the  shellac-coated 
sm^ace.  Regardless  of  the  fact  that  the  iron  work  of  the  oven 
was  groimded  electrically,  it  will  be  seen  that  the  shellac-coated 
paper  formed  an  insulated  reservoir  or  gap,  across  which  the 
generated  current  had  to  jump  before  it  could  reach  the  grounded 
iron  work,  rendering  such  grounding  useless. 

In  the  opinion  of  Mr.  Wedger,  the  solution  of  the  difficulty 
lies  in  the  exclusive  use  of  a  noniuflammable  solvent  for  saturat- 
ing the  felt. 
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A  New  Method  of  Color  Measurement  for  Oils' 


By  Leon  W.  Parsons'  and  Robert  E.  Wilson'' 


Research  Laboratory  of  Applied  Chemistry,  Massachusetts  Institute  of  Technouooy,  Cambridge,  Massachusetts 


This  article  discusses  the  need  for  and  the  development  of  a  new 
and  consistent  method  for  the  rapid  and  accurate  measurement  of 
the  true  color  of  practically  all  petroleum  oils,  from  the  lightest  to 
the  darkest.  By  true  color  is  meant  a  figure  proportional  to  the 
amount  of  coloring  matter  present  in  the  oil. 

The  Lovibond  method  is  shown  to  be  very  unsatisfactory,  chiefly 
for  the  following  reasons:  (a)  As  a  result  of  the  wide  separation 
of  the  light  squares  in  the  instrument  and  the  "off"  tint  for  certain 
colors  it  is  impossible  to  obtain  an  accurate  and  reproducible  measure 
of  the  color;  ib)  it  necessitates  the  use  of  kerosene  solutions  in 
order  to  match  any  oil  above  500  color.  This  process  is  time-con- 
suming and  necessitates  an  entirely  different  color  scale  bearing 
no  simple  relationship  to  the  original  Lovibond  scale:  (c)  the 
most  serious  objection  to  the  method  is  that  the  Lovibond  scale  is 
not  **true"  i.  e.,  its  colors  are  not  additive:  hence  the  Lovibond  color 
is  not  proportional  to  the  actual  amount  of  coloring  matter  in  the 
oil,  and  hence  the  Lovibond  colors  of  mixed  oils  are  not  additive. 

The  fundamental  laws  of  color  measurement  are  presented  in 
detail,  with  data  regarding  their  application  to  the  problem  in  hand. 

The  reasons  for  the  development  of  each  step  in  the  new  method 
are  described  in  detail. 

The  new  method  gives  a  rapid  and  accurate  procedure  for  de- 
termining the  true  color  of  practically  the  whole  range  of  petroleum 
oils  from  I  to  5000  color,  by  making  use  of  a  single  standard.  The 
Duboscq  colorimeter  is  used  and  the  depth  of  standard  color  solution 
necessary  to  match  a  given  layer  of  the  unknown  oil  is  determined. 
The  thickness  of  the  unknown  oil  varies  from  a  very  thin,  accurately 


measured  film  for  the  darkest  oils  to  a  lO-cm.  layer  for  the  lightest 
oils. 

The  advantages  of  a  true  color  scale  are: 

(a) — //  makes  possible  the  determination  of  the  actual  amount 
of  coloring  matter  removed  by  fuller's  earth  under  definite  condi- 
tions, a  quantity  absolutely  fundamental  in  an  investigation  of  oil 
decolorizalion. 

(t) — By  a  study  of  the  effluent  color  curve  {Plate  X)  it  is  possible 
to  determine  the  average  color  of  a  batch  of  filtered  oil  from  the  effluent 
color  at  any  given  time  and  the  weight  of  oil  filtered  up  to  that  time, 

(c) — The  true  color  of  mixed  diluted  oils  may  be  predicted  accu- 
rately from  the  true  color  of  the  original  oils  used,  information  which 
is  of  fundamental  importance  in  oil  blending. 

A  plot  is  presented  {Plate  VIII)  showing  the  deviations  of  the 
Lovibond  from  the  true  color  scale.  By  means  of  this  plot  it  is 
possible  to  concert  Lovibond  color  to  true  color  readings  and  thus 
secure  the  above-mentioned  advantages  of  a  true  color  scale,  even 
if  the  Lovibond  system  should  remain  the  basis  for  routine  work' 

In  view  of  the  many  advantages  of  the  new  method,  and  its  success- 
ful use  for  over  a  year  in  this  laboratory,  it  is  recommended  for 
adoption  not  only  for  research  where  it  is  absolutely  indispensable, 
but  also  for  plant  control.  Specific  directions  are  given  for  its  use 
in  the  laboratory. 

By  a  modification  of  the  standard  used,  this  method  has  been  ap- 
plied with  quite  satisfactory  results  in  the  investigation  of  other  prob- 
lems, for  example,  the  colors  of  sugar  solutions,  of  certain  vegetable 
oils,  of  dyestuff  solutions,  and  of  black  liquor  from  soda  cooks. 


Scope  of  Investigation 

THIS  article  describes  the  results  of  an  extensive  in- 
vestigation of  practical  methods  of  color  measure- 
ment for  petroleum  oils,  which  was  carried  out  in 
preparation  for  a  fundamental  study  of  decolorization  proc- 
esses. The  work  was  financed  by  the  Vacuum  Oil  Company, 
and  was  carried  out  in  cooperation  with  their  Rochester 
laboratory.     It  is  published  with  their  kind  permission. 

While  practically  all  the  fundamental  experimental  work 
has  been  carried  out  on  petroleum  oils,  the  same  principles 
have  been  applied  with  quite  satisfactory  results  in  certain 
other  fields  of  investigation  in  this  Laboratory,  notably, 
the  colors  of  sugar  solutions,  of  certain  vegetable  oils,  of 
dyestuff  solutions,  and  of  black  liquor  from  soda  cooks. 
It  should,  therefore,  be  of  considerable  interest  outside  the 
field  of  petroleum  oils. 

There  are  at  the  present  time  three  generally  recognized 
methods  of  measuring  the  color  of  petroleum  oils — the 
National  Petroleum  Association  method,  the  Saybolt  chromom- 
eter,  and  the  Lovibond  method.  The  National  Petroleum 
Association  method  consists  of  viewing  the  oil  in  a  4-oz. 
bottle  and  comparing  it  with  a  set  of  six  or  seven  arbitrarilj' 
chosen  colors.  With  the  Saybolt  chromometer,  a  rough 
comparison  is  made  through  two  vertical  glass  tubes,  match- 
ing the  color  of  an  unknown  oil  with  that  of  a  colored  disk, 

1  Presented  in  abstract  before  the  .Section  of  Petroleum  Chemistry  at 
tile  Gist  Meeting  of  the  American  Chemical  Society,  Rochester.  N.  Y., 
April  2fi  to  29,    1921. 

3  l*nl)lished  as  Contribution  No.  4'.i  from  the  Research  Laboratory  of 
Applied  Chemistry,   Massachusetts  Institute  of  'rechnoloyy. 

'  Assistant    Director,   Research    i.ahoriitory  of   Applied   Chemistry. 

*  Director,  Research  Laboratory  of  Api;lied   Chemistry. 


the  color  standard  being  comparable  to  the  color  of  potassium 
dichromate  solutions.  While  both  of  these  methods  are 
adequate  for  many  trade  purposes,  they  are  obviously  of 
little  value  for  accurate  measurements  or  for  research  work 
on  decolorization  problems. 

The  Lovibond  method  is  a  much  more  ambitious  attempt 
to  establish  a  color  scale  suitable  for  accurate  measurements. 
It  consists  essentially  in  comparing  the  color  of  a  ceU  (usually 
0.25  in.  thick)  of  the  oil  with  successive  members  of  a  series 
of  colored  glasses  which  have  been  made  to  conform  to  an 
arbitrary  color  standard.  In  making  these  comparisons 
the  general  practice  in  the  petroleum  industry  is  to  use  a 
series  of  amber-colored  glasses,  although  occasionally  use 
is  made  of  other  members  of  the  complete  series  of  glasses, 
which  includes  the  following  colors — yellow,  amber,  red, 
and  blue — matching  the  color  as  closely  as  possilile  by  the 
most  suitable  combination  of  the.se  four.  The  (comparison 
with  the  oil  in  the  cell  is  made  in  a  rather  crude  manner  by 
adding  or  taking  away  glasses  until  the  two  squares  of  color 
which  are  separated  by  a  wide  black  partition  appear  to 
match. 

It  was  the  intention  of  this  Laboratory  to  adopt  the  Lovi- 
bond color  scale  in  their  investigations  on  the  decolorization 
of  oils,  but  a  few  weeks'  experience  with  the  method  indicated 
that  it  was  very  ]ioorly  adapted  for  the  purpose  in  hantl, 
especially  for  measuring  the  color  of  the  unfiltered  or  partially 
decolorized  cyliiuler  stocks. 

The  prinuii)al  defects  in  the  Lovibond  method  are  as  follows: 

1 — It  is  clifTictilt,  especially  for  an  inexperienced  operator, 
to  get  acctirnte  nmtchcs  even  in  the  best  part  of  the  scale  because 
of  the  wi(k'  scpariition  of  the  two  scitiarcs  of  lij,'lit.  This  tlifll- 
culty  could  of  cour.se  be  obviated  by  a  suitable  optical  device 
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so  arranged  as  to  give  a  split  field  with  no  marked  line  of  division 
between  the  two  color  areas. 

2 — While  the  glasses  match  the  color  of  the  oils  fairly  well 
for  colors  between  3  or  4  and  200,  they  give  a  distinctly  "off" 
tint  for  colors  below  or  above  this  range,  and  especially  for  colors 
above  400°,  where  it  is  almost  impossible  to  get  a  satisfactory 
match.  Readings  in  this  vicinity  frequently  vary  by  as  much 
as  25°  for  the  same  observer  on  the  same  oil. 

3 — For  colors  above  400°  Lovibond  it  is  customary  to  use 
5  per  cent  solutions  of  the  oil  in  kerosene.  This  requires  more 
time  and  necessitates  an  entirely  different  color  scale  which 
bears  no  simple  relationship  to  the  original  Lovibond  scale. 
Furthermore,  it  is  applicable  only  to  oils  whose  original  color 
does  not  exceed  2000,  and  it  cannot  be  employed  successfully 
for  the  unfiltered  cj'linder  stocks.  If  higher  dilutions  are  used 
it  is  difficult  and  time-consuming  to  make  them  accurately. 

4 — The  most  serious  objection  to  the  Lovibond  method  is 
"that  its  scale  is  not  "true,"  t.  e.,  its  colors  are  not  additive.  For 
example,  a  10  per  cent  solution  of  a  400°  oil  in  kerosene  does 
not  give  a  40  color,  as  might  be  expected,  but  instead  a  color  in 
the  neighborhood  of  78.  Similarly  a  mixture  of  50  parts  of  a 
100°  oil  and  .50  of  a  400°  oil  gives  approximately  a  color  of  283° 
instead  of  250°  as  would  be  the  case  if  a  true  color  scale  were 
used.  It  is  obvious  from  this  that  the  Lovibond  color,  as  meas- 
ured by  the  standard  glasses,  is  not  proportional  to  the  amount 
of  coloring  matter  in  the  oil,  on  account  of  a  faulty  scale  used 
in  making  the  standard  glasses.  This  fact  is  an  almost  insuper- 
able objection  to  the  use  of  such  a  scale  in  any  fundamental  in- 
vestigation of  the  laws  governing  decolorization. 

In  view  of  the  unsatisfactory  nature  of  the  existing  tech- 
nical methods  of  color  measurement  it  soon  appeared  neces- 
sary to  develop  a  new  and  consistent  method  of  color  measure- 
ment which  would  cover  the  whole  range  of  lubricating  oils 
from  the  original  very  dark  oils  down  to  the  lightest  filtrates, 
and,  if  possible,  give  a  "true"  or  strictly  additive  color  scale 
over  this  range.  It  was  furthermore  essential  that  the 
method  be  both  rapid  and  accurate,  in  view  of  the  number 
of  determinations  which  must  be  made,  and  the  importance 
of  the  conclusions  to  be  drawn. 

Several  modified  or  new  procedures  were  later  tried  out, 
but  eventually  the  one  hereinafter  described  was  found  to 
be  the  most  satisfactory  for  the  whole  range  of  darker  oils 
in  which  this  Laboratory  was  especially  interested. 

Fundamental  Principles  of  Color  Measurement 

Before  proceeding  to  any  detailed  discussion  of  the  best 
methods  for  determining  the  color  of  oils,  it  is  necessary  to 
discuss  briefly  the  fundamental  physical  principles  which 
are  appUcable  to  the  problem.  To  the  human  eye  there 
appears  to  be  no  evidence  of  any  simple  law  indicating  how 
the  color  of  a  solution  changes  with  increased  thickness; 
even  a  casual  observer  realizes  that  certain  light  yellow  solu- 
tions when  viewed  through  a  deep  layer  may  give  simply 
a  darker  but  very  pure  yellow,  whereas  others  quickly  shift 
to  orange  and  red  on  the  one  hand,  or  green  on  the  other, 
merely  by  increasing  the  depth  through  which  the  white 
light  passes  before  reaching  the  eye.  This  apparently  com- 
plicated phenomenon  is  due  merely  to  the  fact  that  the  eye 
is  not  able  to  distinguish  separately  light  of  different  wave 
lengths,  but  integrates  the  effect  of  the  spectrum  as  a  whole 
in  such  a  way  as  to  give  a  single  sensation. 

When,  however,  absorption  of  monochromatic  light,  or 
light  of  a  single  wave  length,  is  studied,  a  very  simple  law 
is  found  to  hold,  namely,  that  the  amount  of  Ught  absorbed 
in  passing  through  a  given  thickness  of  a  homogeneous  ma- 
terial is  a  constant  percentage  of  the  light  which  enters  that 
section.  Thus,  if  one  centimeter  of  a  given  oil  absorbs  20 
per  cent  of  a  certain  wave  length  of  blue  light,  the  second 
centimeter  wiU  absorb,  not  an  equal  amount,  but  20  per  cent 
of  the  80  per  cent  which  enters  it;  in  other  words,  16  per 
cent  of  the  original  light.  Similarly,  the  third  centimeter 
will  absorb  20  per  cent  of  64  per  cent,  or  12.8  per  cent  of  this 
particular  color.  The  mathematical  expression  of  this  fact 
is  that  log  x  =  kl,  where  x  is  the  fraction  of  light  remaining 


unabsorbed  after  passing  through  thickness  I,  k  being  a 
constant  depending  upon  the  properties  of  the  original  ma- 
terial. 
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It  is  not  possible,  of  course,  to  predict  how  much  of  any 
other  color,  such  as  yellow  or  red,  would  be  absorbed  by  one 
centimeter  thickness,  since  this  depends  entirely  upon  its 
individual  characteristics.  The  important  thing  is,  however, 
that  if  the  complete  Ught  absorption  curve  is  known  for 
any  one  thickness  of  the  liquid,  the  curve  for  any  other  thick- 
ness can  be  calculated  readily  and  accurately. 

In  the  case  of  colored  solutions,  the  effect  of  the  concen- 
tration of  the  coloring  matter  on  the  absorption  of  light  is 
not  known  with  any  such  mathematical  certainty.  Beer's 
Law  states  that  the  effect  of  doubling  the  concentration  of 
coloring  matter  is  the  same  as  that  of  doubUng  the  thick- 
ness. Most  of  the  literature  on  the  subject,  however,  is 
devoted  to  showing  that,  as  a  matter  of  fact,  Beer's  Law 
does  not  hold  at  all  accurately  for  most  cases  of  colored 
solutions.  A  perusal  of  this  literature  indicates,  however, 
that  the  deviations  from  Beer's  Law  are  usually  not  large 
except  in  the  case  of  aqueous  solutions  of  ionized  materials, 
where  factors  such  as  the  hydration  of  the  ions  and  the  degree 
of  ionization  unquestionably  have  a  serious  disturbing  in- 
fluence. In  the  case  of  organic  coloring  matter  in  organic 
solvents,  it  is  fairly  weU  estabUshed  that  Beer's  Law  holds 
with  reasonable  degree  of  accuracy  in  most  cases,  though 
this  cannot  be  assumed  safely  in  the  absence  of  definite 
data,  however  convenient  it  might  be  in  working  out  a  satis- 
factory method  of  color  measurement.  It  is  obvious,  there- 
fore, that  as  a  foundation  for  the  work  in  hand  it  is  neces- 
sary to  determine  the  type  of  light  absorption  curve  for 
lubricating  oils,  and  to  find  out  whether  or  not  Beer's  Law 
apphes  over  the  range  of  concentrations  which  would  be 
encountered  in  practice. 

Determination  op  Fundamental  Properties  of  Color- 
ing Matter  in  Lubricating  Oils 

In  undertaking  a  preliminary  investigation  of  the  coloring 
matter  present  in  oils,  the  first  and  most  important  character- 
istic which  was  discovered  was  that  practically  all  paraffin 
base  oils  from  very  pale  yellow  spindle  oils  down  to  extremely 


April,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


271 


dark-colored,  unfiltered,  cylinder  stocks  had  essentially  the 
same  light  absorption  curve,  providing  the  heavier  oils  were 
diluted  do\vii  or  viewed  through  films  which  were  sufficiently 
thin.  Even  dark  oils  which  tliffered  markedly  in  their  general 
appearance  and  appeared  a  fluorescent  purple,  green,  or 
red,  when  viewed  by  reflected  light,  gave  almost  identical 
colors  when  viewed  through  sufficiently  thin  films  or  in  dilute 
solutions,  and  it  was  possible  to  secure  very  satisfactory 
color  matches  by  such  means  between  widely  varying  original 
oils. 

Plate  I,  Curve  ad,  represents  a  rough  approximation  of 
the  light  absorption  curve  for  a  1-mni.  thickness  of  a  fairly 
Ught-colored  lubricating  oil.  It  is  realized  that  if  extremely 
accurate  absorption  spectra  were  obtained — for  example, 
with  a  spectrophotometer — these  curves  would  show  some 
irregularities,  but  in  general  the  curves  which  are  plotted 
represent  the  type  of  absorption  spectrum  obtained  with  a 
good  spectroscope.  It  will  be  noted  that  the  absorption 
in  the  red  is  extremely  small,  while  the  absorption  in  the 
blue  and  violet  is  very  high.  Using  the  above-mentioned 
law  it  is  possible  to  calculate  the  light  absorption  curve  for' 
other  thicknesses  of  the  oUs  as  indicated  on  Plate  I.  Curve 
eg,  for  example,  indicates  the  light  absorbed  by  a  30-mm. 
layer  of  the  same  oO,  but  since  all  oils  give  the  same  general 
type  of  hght  absorption  curve,  if  used  in  fairly  thin  layers, 
it  also  represents  approximately  the  light  absorption  curve 
for  1-mm.  thickness  of  an  oil  which  contains  roughly  (or 
exactly  if  Beer's  Law  holds)  thirty  times  as  much  coloring 
matter  per  unit  volume.  By  inspection  of  this  interesting 
series  of  curves,  it  is  possible  to  obtain  a  clear  picture  of  the 
series  of  changes  which  occur  in  the  apparent  color  of  the 
oil  as  seen  by  the  eye. 

Taking  an  absorption  curve  for  1-mm.  thickness,  it  will 
be  noted  that  the  light  represented  by  the  area  below  the 
horizontal  Une  bd  contains  all  the  components  of  light  in 
the  correct  proportion  to  give  white  light.  But  the  part 
above  the  Une  and  below  the  absorption  curve  ad  contains 
a  considerable  deficiency  in  the  blue  end  of  the  spectrum. 
The  center  of  gravity  of  this  area  is,  therefore,  in  the  greenish 
yellow  part  of  the  curve,  and  the  eye,  which  must  average 
up  the  combined  effect  of  80  per  cent  white  light  plus  20  per 
cent  colored,  records  the  sensation  of  a  pale,  slightly  greenish 
yellow  color.  As  the  thickness  of  the  layer  (or  concentra- 
tion of  color)  increases  and  we  proceed  to  lower  and  lower 
absorption  curves,  it  is  obvious  that  less  and  less  white  hght 
is  coming  through.  This  makes  the  colors  appear  much 
darker  and  furthermore  the  absorption  curves  are  becoming 
steeper  and  the  center  of  gravity  is  more  and  more  displaced 
towards  the  orange-red  end  of  the  spectrum.  The  visual 
sensation  given  by  a  line  such  as  eg  would,  therefore,  be  a 
very  dark  orange-red  color.  Intermediate  absorption  curves 
will,  of  course,  give  an  intermediate  sensation. 

It  will  be  seen  thus  that  starting  with  a  single  light  ab- 
sorption curve  it  is  possible  to  account  for  all  the  observed 
colors,  ranging  from  the  very  pale  lemon-yellow  to  a  very 
dark  orange-red  or  red-brown.  The  green  or  purple  tinges 
which  show  up  by  reflected  light  are  not  apparent  when  viewed 
by  transmitted  hght. 

It  is  furthermore  obvious  from  an  inspection  of  the  curves 
that  the  best  matches  and  the  most  accurate  color  measure- 
ments can  be  obtained  in  an  intermediate  range  only.  The 
colors  of  very  light  oils  cannot  be  measured  accurately  be- 
cause there  is  so  much  white  light  coming  through,  while 
the  sensitivity  of  any  match  drojis  off  very  rapidly  as  the 
absorption  curves  ai)proach  the  bottom  of  Plate  I,  as  may 
be  observed  by  noting  the  much  closer  spacing  of  lines  for  a 
given  increase  in  color.  Small  differences  in  the  shape  of 
the  curves  also  make  trouble  in  thick  layers.  Any  satis- 
factory system  of  color  measurement  must,  therefore,  plan 


to  bring  the  heavier  oils  to  this  range  of  color  where  accurate 
measurement  is  possible,  either  by  dilution  with  a  solvent 
or  by  using  varying  thicknesses  of  layer  down  to  a  very  thin 
Init  accurately  measured  film  for  the  heavier  oils. 

It  was  also  necessary  to  determine  the  validity  of  Beer's 
Law  for  the  coloring  matter  in  oils.  This  was  done  by  two 
different  methods  in  two  widely  different  ranges  of  color.  In 
the  first  case  a  standard  10  per  cent  solution  of  dark-colored 
heavy  oil  in  kerosene  was  made  up.  This  solution  was  care- 
fully diluted  further  with  kerosene  to  give  concentrations 
of  heavy  oil  varying  from  1  to  4  per  cent,  and  a  constant 
depth  (15  mm.)  of  these  solutions  was  compared  with  a  single 
standard  solution  (containing  2  per  cent  oU)  whose  depth 
was  varied  as  necessary  to  get  a  precise  color  match.  This 
depth  was  measured  accurately  in  a  Duboscq  colorimeter, 
operated  as  described  later.  The  results  obtained  on  this 
series  of  samples  are  shown  graphically  on  Plate  II,  where 
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it  may  be  noted  that,  as  Beer's  Law  would  require,  the  depth 
of  standard  solution  required  to  match  the  constant  depth 
of  variable  solutions  was  directly  proportional  (within  the 
limit  of  error)  to  the  concentration  of  oil  in  the  variable  solu- 
tions. 

When  the  film  method  of  measuring  heavy  oils  was  finally 
perfected,  another  verification  of  Beer's  Law  was  obtained 
by  working  with  very  dark-colored  oils.  The  procedure 
was  as  follows:  Heavy  oil.  A,  would  be  compared  in  a  thin 
film,  whose  thickness  was  accurately  known,  and  matched 
against  a  certain  depth  of  standard  solution;  Oil  B,  with 
a  widely  differing  color,  would  also  be  matched  in  the  same 
way.  These  two  oils  would  then  be  mixed  together  in  exactly 
equal  proportion.  If  Beer's  Law  holds,  the  depth  of  standard 
required  to  match  this  mixture  should  be  the  arithmetic 
mean  of  the  two  previous  readings,  and  this  was  found  to 
be  the  case  within  the  limit  of  experimental  error.  Repeated 
verification  of  Beer's  Law  has  been  obtained  in  the  laboratory 
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by  comparing  colors  of  mixed  oils  on  a  small  scale,  and  in 
the  plant  by  blending  larger  quantities  of  oils,  in  some  cases 
as  high  as  8000  gal. 


a" 

.^■' 

1 

1 

^^:^ 

•^ " 

-^— 

■e- 

rr> 

i 

^.^i7\Tasaji/»  c/ 


4zz: 


i'/WJ^/^^>Jf^^^>^^^ 


Calculated 
True  Color 
of  Mixture 

Measured 
True  Color 
of  Mixture 

1595 

1550 

1910 

1900 

2300 

2280 

1390 

1400 

775 

780 

1700 

1725 

Plate  III — DETAn.  of  Film  Spacers 

Table  1  indicates  results  obtained  on  comparing  the  color 
of  mixed  oils  with  the  calculated  value  as  obtained  from  the 
true  color''  of  the  separate  oOs  used  and  the  weight  of  oil 
taken.  It  will  be  observed  that  there  is  a  very  close  agree- 
ment between  calculated  and  determined  color. 

Table  1 — Calculated  and  Determined  Color  of  Mixed  Oils 

True  Color  and  Per  cent 
by  Weight  of  Oils 
Used 
50%  of  oil  (T.  C.  =  17901 
50%  of  oil   (T,  C.  =  1400) 
50%  of  oil   (T.  C.=2420) 
50%  of  oil   (T.  C.  =  1400) 
50%  of  oil   (T.  C.  =  3200) 
50%  of  oil  (T.  C.  =  1400) 
28.8%  of  oil  (T.  C.=490) 
71.2%  of  oil  (T.  C.  =  1760) 
55%  of  oil  (T.  C.  =  240) 
45%  of  oil  (T.  C.  =  1430) 
49.4%  of  oil    (T.  C,  =3200) 
50.6%  of  oil   (T.  C.=    240) 

The  validity  of  the  above  relationship  is,  therefore,  clearly 
established. 

Beer's  Law  has  thus  been  shown  to  hold  with  surprising 
accuracy  both  for  fairlj'  Ught-colored  kerosene  solutions  and 
very  dark-colored  heavy  oils.  It  will  be  noted  that  in  ob- 
taining the  foregoing  results,  the  nature  of  the  color  solvent 
was  not  varied  in  the  dilution  experiments — in  the  first  case 
the  solution  was  more  than  96  per  cent  kerosene  in  all  cases, 
and  in  the  other  it  was  always  practically  100  per  cent  heavy 
oil.  Neither  these  results  nor  Beer's  Law  mil  throw  any 
light,  however,  upon  the  effect  of  diluting  heavy  oil  with  a 
widelj'  different  organic  solvent  such  as  benzene  or  chloroform, 
or  possibly  even  kerosene.  In  order  to  obtain  some  data 
upon  this  point,  a  series  of  solutions  of  heavy  oil  was  made 
up  to  a  concentration  of  exactly  2  per  cent  in  different  sol- 
vents, and  the  color  observed. 

In  this  comparison,  the  standard  of  reference  was  a  2  per 
■cent  solution  of  heavy  oO  in  kerosene.  The  solution  thus 
chosen  was  identical  in  nature  with  the  regular  light  stand- 
ard, L.  S.  (hereafter  mentioned),   used  in  all  of  our  colori- 

•  The  derivation  of  the  scale  used  is  discussed  later. 


Depth  of  Standard  Used 
Mm. 


rnetric  work,  differing  only  slightly  in  concentration  from  it. 
Measurements  were  made  in  the  Duboscq  instrument  by 
placing  the  kerosene  solution  in  one  cup,  and  the  solutions 
in  the  other.  Various  settings  of  the  plunger  were  made 
and  straight  line  relationships  obtained  between  the  readings 
of  the  standard  plotted  as  abscissae  and  the  readings  of  the 
other  solutions  plotted  as  ordinates.  A  summary  of  the 
readings  of  the  various  solutions  matching  a  lO-inni.  layer 
of  the  standard  is  given  in  Table  2.  The  deviation  of 
these  readings  from  10  mm.  is  proportional  to  the  variation 
in  color  due  to  the  use  of  different  solvents. 

Table  2 — Colorimeter  Readings  for  Solutions  of  Mineral  Oil  in 

Various  Solvents 

Depth  of  Solution  S 

for  Match 

Mm.  Nature  of  Solvent  in  S 

10                                       13.6  CHClj 

10                                       12.4  ecu 

10                                       11.2  CsHc 

10                                        9.6  Gasoline 

The  depths  of  the  colors  in  solvents  widely  differing  in  chemical 
nature  from  the  oil  are  shown  to  be,  in  most  cases,  lower  than 
those  obtained  in  solvents  similar  to  the  heavy  oil,  such  as 
kerosene  and  gasoline.  Furthermore,  the  absorption  curve 
in  the  chlormated  solvents  was  different  from  that  of  the 
original  oil  making  it  difficult  to  obtain  accurate  matches. 
It  must,  therefore,  be  concluded  that,  although  the  dilution 
law  holds  accurately  as  long  as  the  solvent  is  not  changed, 
it  will  not  hold  where  the  relative  proportions  of  two  dis- 
similar solvents  are  varied.  One  series  of  experiments  were 
made  by  diluting  heavy  oil  accurately  with  kerosene  which 
indicated  that,  in  this  case,  the  dilution  law  held  within 
5  per  cent,  but  by  no  means  as  accurately  as  Beer's  Law 
itself,  where  the  solvent  is  kept  substantially  constant. 

Factors  Involved  in  Selection  of  Method 

A  discussion  of  the  various  phases  in  the  development  of 
a  satisfactory  method  for  measuring  the  color  of  oils  is  indi- 
cated below. 

COLOR  STANDARD — The  best  color  standard  appeared  to 
be  a  kerosene  solution  of  heavy  oil,  since  this  gave  exactly 
the  same  type  of  absorption  spectrum  as  the  oils  themselves. 
This  is  a  great  advantage,  for  while  it  is  possible  to  obtain 
fair  matches  with  standards  such  as  the  Lovibond  glasses, 
which  have  a  distinctly  different  type  of  absorption  curve, 
the  depth  of  oil  required  to  match  a  given  glass  is  dependent 
to  a  very  marked  extent  on  the  sensitivity  of  the  eye  of  the 
observer  to  different  colors  and  to  the  source  of  light.  On 
the  other  hand,  using  a  standard  with,  the  same  type  of  ab- 
sorption curve,  it  has  been  found  experimentally  that  neither 
the  observer  (pro^ddiug  he  has  had  a  httle  experience)  nor 
the  source  of  Ught  has  any  appreciable  influence  on  the  read- 
ings obtained. 

It  has  also  been  found  that  a  single  kerosene  solution  of 
dark  oil  matches  all  the  lubricating  oUs  from  the  very  lightest 
to  the  dark  cylinder  stocks,  providing  a  proper  thickness 
of  the  oils  is  selected.  The  "grayness"  which  is,  in  the  case 
of  some  oils,  superimposed  on  their  regular  color,  gives  prac- 
tically no  trouble  whatever  when  the  color  measurement  is 
made  in  very  thin  films.  In  some  cases,  however,  it  is  more 
satisfactory  to  use  a  shghtly  different  standard  for  oils  v/hich 
have  a  tendency  toward  cloudiness  or  grayness.  This  is 
referred  to  as  the  dark  standard,  D.  S.,  and  it  is  designed 
to  have  exactly  the  same  color  value  as  the  ordinary  or  light 
standard,  L.  S. 

Details  of  operation  are  given  later  under  "Laboratory 
Directions."  "The  standard  solutions  are  diluted  to  approxi- 
mately 35  Lovibond  color  and  then  standardized  exactly 
by  comparison  in  the  colorimeter  with  a  50  color  Lovibond 
glass.     The  latter  is  selected  as  the  standard  because  up  to 
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this  point  there  is  no  deviation  between  the  Lovibond  and 
True  Color  curve.  Mixtures  of  different  oils  were  examined 
at  the  Rochester  laboratory  in  order  to  determine,  first, 
whether  they  were  more  suitable  for  color  standards,  and 
second,  their  relative  stability.  In  general  it  has  been  found 
that  there  is  no  advantage  of  these  over  the  regular  L.  S. 
standard  either  regarding  accuracy  of  matching  or  stability 
of  sample. 

Both  L.  S.  and  D.  S.  standard  solutions  have  been  found 
to  be  fairly  stable  over  a  period  of  several  weeks.  Any 
■change  which  does  take  place,  however,  is  usually  a  sMght 
increase  in  color  and  occurs  within  the  fii'st  2  or  3  days  after 
preparation  of  the  solution;  consequently,  it  is  recommended 
that  the  solutions  be  allowed  to  stand  from  1  to  3  days  in 
order  to  come  to  equiUbrium  before  the  final  color  value  is 
determined.  They  should  be  protected  from  exposure  to 
Ught  and  should  be  measured  at  intervals  against  the  50 
color  Lovibond  glass  in  order  to  check  the  color  value.  This 
single  Lovibond  glass  (which  may  Ijc  sejiarately  standard- 
ized) therefore  becomes  the  permanent  reference  standard, 
while  the  solution  is  used  in  all  measurements  on  oils. 

MEASURING  INSTRUMENT — The  most  Suitable  measuring 
instrument  appeared  to  be  the  Duboscq  type  of  colorimeter, 
since  this  brings  the  two  fields  in  very  close  juxtaposition 
(two  semicircles  divided  by  a  hair  lino),  and  permits  the  depth 
of  the  standard  solution  in  one  of  the  cups  to  be  varied  at 
will  and  measured  accurately.  The  match  can  be  approached 
slowly  from  both  sides  without  interruption  of  light  or  step- 
wise adjustments  such  as  are  necessitated  by  the  use  of  Lovi- 
bond glasses.  A  distinct  advantage  of  the  Duboscq  over 
the  Lovibond  is  that  the  former  is  easily  adaptable  to  measur- 


ing colors  of  widely  different  types  of  colored  solutions  by 
merely  changing  the  nature  of  a  single  standard.  It  has 
given  extremely  satisfactory  results  in  several  laboratories. 

DEVELOPMENT  OF  THIN  CELLS  FOR  DARK  OILS — The  re- 
maining question  to  be  determined  is  the  best  method  of 
bringing  heaxder  oils  into  the  proper  color  range  for  accurate 
matching.  As  pointed  out  previously,^  this  can  be  done 
either  by  diluting  the  oil  with  a  solvent  such  as  kerosene 
or  by  viewing  it  through  very  thin  films.  The  former  method 
appeared  more  feasible  at  fii'st  sight  and  because  it  was  not 
thought  practicable  to  measure  very  thin  films  -with  sufficient 
accuracy,  considerable  work  was  accordingly  done  along  these 
lines.  It  was  found,  however,  very  difficult  and  time-con- 
suming to  measure  the  heavy  oil  accurately  by  diluting  it 
with  a  known  amount  of  kerosene.  The  method,  further- 
more, suffered  from  the  uncertainty  due  to  the  use  of  a  sol- 
vent different  from  the  original  oil. 

Attention  was  therefore  turned  to  the  possibility  of  se- 
curing very  thin  films  of  oil  of  accurately  known  thickness. 
After  several  attempts  the  demountable  type  of  cell  shown 
in  Plate  III  was  developed,  and  with  this  it  was  found  possible 
to  reproduce  thicknesses  of  0.1  mm.  within  1  jier  cent.  The 
cell  is  made  from  two  carefully  i)re|)ared  iiarallel  glass  [ilates 
of  optical  glass.  On  the  iipjier  surface  of  one  jilal  e  are  fastened, 
bj'  means  of  Canada  balsam,  two  small  sections  of  micro- 
scope slides  of  a  definite  thickness,  leaving  a  space  in  the 
middle  of  the  plate  to  hold  the  film  of  oil.  The  cells  may 
be  made  of  any  desired  thickness. 

It  is,  therefore,  possible  to  use  a  single  standard  solution 
and  by  merely  varying  the  thickness  of  the  layer  of  the  un- 
known oil  and  measuring  it  accurately  under  all  circumstances. 
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to  determine  the  true  color  of  any  oil  between  No.  1  Lovi- 
bond  and  very  dark  unfiltered  cylinder  stocks  which  run 
above  4500  on  the  true  color  scale. 
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PROCEDURE     FOR     MEASURING     COLOR — Fig.     1     shoWS     the 

Duboscq  colorimeter  with  a  cup  in  position  ready  to  deter- 
mine the  color  of  an  oil.  By  moving  the  glass  plunger  the 
depth  of  liquid  in  the  field  of  vision  can  be  varied  at  will. 
A  determination  of  the  level  is  made  by  the  aid  of  the  ver- 
niers on  the  instrument  to  0.1  mm.  Using  always  the  same 
standard,  L.  S.,  the  thickness  of  the  unknown  oil  layer  may 
be  varied  at  will  in  order  to  require  a  depth  of  standard 
sufficient  to  give  accurate  readings  and  yet  not  too  deep 
to  give  a  sharp  match.  A  range  of  from  4  to  15  mm.  of 
standard  may  be  used  in  comparisons,  but  the  best  accuracy 
is  obtained  by  adjusting  the  thickness  of  the  unknown  oil 
layer  so  as  to  keep  the  L.  S.  reading  between  4  and  12. 

In  an  actual  measurement  the  plunger  dipping  into  L.  S. 
is  brought  very  quickly  to  a  point  where  the  two  fields  ob- 
served in  the  eyepiece  indicate  an  exact  match  between  the 
layer  of  L.  S.  and  the  definite  layer  of  unknown.  This  read- 
ing of  the  standard  may  be  approached  from  both  the  light 
or  dark  side  and  a  match  in  shade  and  intensity  obtained 
very  quickly  and  accurately.  Two  check  readings,  one 
from  each  side,  are  ordinarily  sufficient,  but  for  inexperi- 
enced observers  five  or  six  may  well  be  taken  and  averaged, 
the  total  time  necessary  being  very  short. 

For  oOs  of  true  color  between  3  and  200  the  usual  50-mm. 
cups  may  be  used  for  the  unknown,  the  plunger  ordinarily 
being  set  at  5,  10,  20,  or  40  mm.,  depending  on  the  depth  of 
the  color  of  the  unknown  oil.  For  oils  of  a  true  color  less 
than  3,  it  is  desirable  to  unscrew  the  plunger  entirely  and 
put  the  oil  in  a  special  cell  100  mm.  deep,  equipped  with  a 
glass  cover  which  fits  evenly  on  the  top  and  squeezes  out 
any  excess  oU.  With  this  cup  it  is  possible  with  the  single 
standard  to  measure  the  color  of  oils  down  to  1°  without 
any  difficulty. 

OOs  having  a  color  range  from  200  to  4500  obviously  must 
be  measured  in  one  of  a  series  of  thin  cells  such  as  those  de- 
scribed above.  The  following  three  thicknesses  are  sufficient 
to  cover  the  entire  range  of  true  color  from  200  to  4500,  the 
latter  figure  representing  the  color  of  the  darkest  oU  investi- 
gated. 


Cell  No. 

For  Oils  in  True  Color  Range 

Thickness  of  Cell 

1 
2 
3 

120  to    400 
400  to  1100 
1100  to  4500 

1.10    mm.  ±  5% 
0.380  mm.  +  5% 
0.140  mm.  ±  5% 

These  limits  and  a  conversion  chart  are  shown  graphically 
in  Plate  IV.     This  chart  applies  only  to  the  exact  dimen- 


sions of  the  cell.s  as  indicated  above  and  to  a  standard  with 
a  true  color  value  of  35.  Special  charts  may  be  very  easily 
constructed  by  individual  laboratories  to  correspond  to  the 
cells  and  standard  chosen. 

These  cells  can  be  made  readily  by  any  expert  optical 
worker.  The  exact  thickness  is  determined  by  very  accurate 
micrometric  measurements  on  the  two  parallel  plates  and 
the  assembled  cells.  By  placing  several  drops  of  oil  in  the 
space  between  the  film  spacers,  squeezing  out  the  excess 
by  pressing  down  the  top  plate,  and  clamping  the  two  plates 
together,  a  film  of  definite  thickness  is  obtained.  It  is 
found  that  the  presence  of  oil  on  the  spacers  has  no  measur- 
able effect  upon  the  readings  obtained.  It  was  feared  at 
the  outset  of  the  work  that  the  use  of  very  thin  films  could 
not  be  reUed  upon  to  give  accurate  results,  but  this  has 
been  definitely  disproved,  providing  the  precautions  men- 
tioned later  in  the  "Laboratory  Directions"  are  observed. 
Even  with  the  thinnest  cells  the  readings  are  found  to  be 
reproducible  within  1  or  2  per  cent  in  the  hands  of  an  e.x- 
perienced  operator. 

These  films  merely  replace  the  50-mm.  cups  in  the  Duboscq, 
the  matches  being  obtained  as  before  by  varying  the  depth 
of  standard.  If  the  reading  does  not  come  between  4  to 
15  mm.  the  wTong  cell  has  been  selected  for  the  oil.  An 
experienced  observer  can  very  quickly  tell  in  which  cell  a 
given  unknown  oil  should  be  placed. 

CALCULATION  OF  RESULTS — From  the  foregoing  discussion 
of  the  laws  of  Ught  absorption,  it  is  obvious  that  the  true 
color  (a  figure  proportional  to  the  amount  of  coloring  matter 
present)  of  an  unknown  oil  can  be  calculated  by  the  simple 
formula: 

Color  of  unknown  _  Depth  of  standard  required  for  match 
Color  of  standard  Depth  of  layer  of  the  unknown  oil 

Experimental  Results 

From  a  large  number  of  data  on  color  measurement  ob- 
tained at  the  Rochester  plant  of  the  Vacuum  Oil  Company 
and  in  this  Laboratory,  the  fundamental  results  have  been 
collected  and  are  iUustrated  graphically  in  the  accompanying 
plates.  Reference  to  these  plates,  rather  than  to  a  detailed 
record  of  various  col- 
orimeter readings, 
shows  more  clearly 
the  relation  of  the 
Lovibond  system  to 
the  true  color  scale 
and  also  the  scope 
and  advantages  of 
the  new  method  of 
color  measurement. 

validity  and 
scope  of  true  color 
scale — The  readings 
of  L.  S.  for  several 
depths  of  oil  solutions 
for  several  light  oils 
are  shown  in  Plate  V. 
It  is  evident  that  a 
direct  proportionality 
exLsts  between  the 
depth  of  standard 
and  the  depth  of  a 
given  oil  necessary 
for  a  color  match. 
This  is  true  both  for 

Ught  oils  and  for  kerosene  solutions  of  heavy  oils,  and 
follows  necessarily  from  the  above-mentioned  law  of  light 
absorption  as  a  function   of  thickness.     Such  a  complete 


Fig.  1 — Duboscq  Colorimeter 
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series  of  points  can,  of  course,  only  be  conveniently  obtained 
when  tlio  unknown  oil  is  in  the  neighborhood  of  10  to  60 
color  and  hence  is  in  one  of  the  regular  cups  so  that  its  thick- 
ness can  be  varied  by  small  stages  and  matched  by  similar 
variations  in  the  depth  of  the  standard. 
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tory^  regarding  the  Lovibond  color  readings  on  a  number 
of  oils  and  their  solutions  in  kerosene.  On  merely  looking 
at  the  Lovibond  color  values  there  was  no  consistent  relation 
between  the  values  obtained,  but  when  the  values  were  con- 
verted to  the  tnie  color  scale  they  approximated  fairly 
closely  the  expected  dilution  laws. 

By  means  of  Plate  VIII,  from  any  Lovibond  color  up  to 
400  there  may  be  found  the  corresponding  "true"  color. 
Owing  to  the  impossibility  of  obtaining  satisfactory  Lovibond 
readings  above  400,  the  upper  part  of  the  curve  cannot  be 
determined  with  very  great  accuracy.  The  variation  of 
the  curve  from  the  45°  dotted  line  indicates  the  variation 
of  the  Lovibond  from  a  "true"  color  series.  It  is  evident 
that  for  the  lighter  oils,  up  to  about  50°  Lovibond,  the  two 
scales  are  identical,  but  from  this  point  on  the  deviation 
gradually  increases. 

For  oils  above  500  color  the  Lovibond  system  required 
the  use  of  a  still  different  scale,  based  on  the  color  of  5  per 
cent  solutions  which  bore  no  simple  relationship  to  the  other 
scale.  Using  the  new  method  the  scale  is  a  continuous 
straight  line  up  to  the  highest  colors  measured. 

Table  3  indicates  the  relationship  for  light  oils  between 
our  true  color  scale  and  other  colors  such  as  the  National 
Petroleum  Association  number  and  the  Lovibond  (Series 
500),  the  latter  having  been  obtained  from  a  chart  sub- 
mitted to  the  laboratory. 


Table  3 — Relation  between  True  Color  and  Other  Color 
Standards 


No. 


A  =  Association  number.      B  =  Association  name. 

C  =  Lovibond  color  (Series  500)   of  oil  matching  corresponding  Asso- 
ciation number  in  Column  A  taken  in  the  Association  apparatus 
D=  True  color. 


A 

B 

C 

D 

1 

Prime  white 

0.5° 

0  5 

1-1/2 

Cream  white 

0.9° 

0  9 

2 

Extra  pale 

7.0° 

7.0 

3 

Lemon  pale 

16.0° 

16.0 

4 

Orange  pale 

35.5° 

35.5 

5 

Light  red 

68.0° 

7.^ 

6 

Red 

100° 

120 

From  data  such  as  are  recorded  in  Plate  II  for  various 
oUs,  it  is  also  evident  that  a  direct  proportionality  exists 
between  the  depth  of  standard  and  the  concentration  of  color 
in  a  diluted  sample  of  oil.  This  indicates  definitely  that 
a  "true"  color  scale  is  obtained  by  this  method,  thanks  to 
the  fact  that  Beer's  Law  holds  for  the  case  in  question. 
In  Plates  VI  and  VII  the  readings  for  L.  S.  to  match  differ- 
ent hea\'y  oils  in  two  different  film  spacers  show  that  the 
L.  S.  readings  bear  a  constant  ratio  to  one  another  regard- 
less of  the  color  of  the  oil  tested.  This  ratio  checked  within 
1  per  cent  with  the  relative  thicknesses  of  the  cells  as  deter- 
mined with  a  micrometer,  which  again  shows  the  value  of 
using  a  single  color  standard  and  merely  varying  its  depth. 

RELATION  BETWEEN  LOVIBOND  COLOR  AND  "tRUE"  COLOR — 

Plates  VIII  and  IX  show  the  fundamental  relationship  be- 
tween Lovibond  color  and  "true"  color.  Plate  IX  is  an 
enlarged  section  of  Plate  VIII  which  shows  the  region  cover- 
ing the  lighter  oils  of  Lovibond  color  up  to  150°. 

In  establishing  this  relation  a  large  volume  of  data  had 
to  be  accumulated.  The  Rochester  laboratory  furnished  a 
large  number  of  samples  of  oil  on  which  the  Lovibond  color 
had  been  determined  as  accurately  as  possible.  These  were 
matched  against  the  new  color  standard  in  the  Duboscq 
colorimeter  and  their  true  color  determined,  thus  giving  the 
relationship  between  the  two  color  scales,  based,  of  course, 
upon  the  assumption  of  the  Ijovibond  scale  from  0  to  50  as 
the  starting  point  of  the  true  color  scale. 

As  is  indicated  on  Plates  VIII  and  IX  the  points  of  all 
fall  on  a  fairly  smooth  curve.  The  curve  was  further  checked 
by  comparison  with  data  furnished  by  the  Rochester  labora- 
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PREDICTION   OF   THE   COLOR   OF  MIXED    OR   DILUTED    OILS — 

Much  difficulty  has  been  experienced  at  the  plant  in  attempt- 
ing to  blend  various  oils,  particularly  the  heavy  oils,  and 
predict  the  final  color  by  using  the  Lovdbond  scale.  If 
the  true  color  value  be  substituted  for  the  Lovibond  the  ac- 
curate determination  of  the  color  of  mixed  oils  becomes 
very  simple  since  the  colors  are  merely  the  weighted  average 
of  the  colors  of  the  original  oils  used. 

Even  if  the  new  eolorimetric  method  should  not  be  adopted, 
the  relationship  showii  in  Plates  \'III  and  IX  between  Lovi- 
bond and  true  color  will  be  of  great  value  in  enabling  one  to 
predict  the  Lovibond  color  of  a  mixed  or  diluted  oil,  knowing 
the  amounts  and  the  Lo\abond  color  of  the  original  oils. 
This  is  done  by  finding  the  true  color  values  corresponding 
to  each  Ijovibond  value,  calculating  by  simple  proportion- 
ality the  true  color  of  the  final  mixture  and  then  again  re- 
ferring to  the  chart  to  find  the  corresponding  Lovdbond  color. 
Such  results  will  not,  of  course,  be  as  reliable  as  if  the  new 
method  had  been  used  throughout,  because  of  the  other 
inaccuracies  of  the  Lo\dboud  method,  but  the  approximation 
will  be  reasonably  good  and  should  prove  a  great  improve- 
ment over  the  present  conditions  where  it  is  impossible  to 
tell  anything  about  these  relationships 

The  dotted  Unes  on  Plate  VIII  show  how  to  make  the 
above-mentioned  calculations  for  one  case,  using  the  Lovi- 
bond colors  as  a  starting  point.  If  it  is  desired  to  make  such 
calculations  on  the  basis  of  the  5  per  cent  solutions  used  in 
the  Lovibond,  it  is  merely  necessary  to  keep  in  mind  the 
fact  that  the  true  color  of  the  original  oil  would  be  very  nearly 
20  times  the  true  color  of  the  5  per  cent  solution,  as  indicated 
by  the  double  scale  of  abscissae  on  Plate  IX. 

RELATION  BETWEEN  TOT.^L  COLOR  OF  BATCH  AND  EFFLUENT 

COLOR — Plate  X  shows  a  tj^pical  curve  such  as  is  obtained 


during  the  filtration  of  oil  through  fuUer's  earth.  Here  is 
plotted  the  true  color  against  the  weight  of  oil  obtained  from 
a  filter,  or,  in  other  words,  the  color  of  successive  samples 
of  oil  taken  from  the  effluent  stream  from  the  filter  as  the 
filtration  progresses.  This  curve  shows  graphically  how 
much  color  is  being  left  in,  and  removed  from,  the  oil  at  any 
given  moment.  From  this  amount  it  is  possible  to  form 
conclusions  with  regard  to  the  efficiency  of  filtration.  Such 
a  plot,  using  Lovibond  color  values,  would  not  give  informa- 
tion about  the  per  cent  of  color  removed,  which  factor  is 
necessary  for  comparing  accurately  decolorizing  efficiencies 
under  widely  different  conditions. 

Furthermore,  by  using  the  new  color  scale,  where  the  colors 
are  additive,  it  is  possible  to  calculate  the  color  of  the  total 
batch  up  to  any  given  time,  or  between  any  given  times, 
merely  by  determining  the  effluent  color  and  the  weight  of 
the  batch  at  various  times  during  the  run. 

The  precise  method  of  making  the  foregoing  computation 
is  illustrated  in  Plate  X,  as  follows: 

The  line  AB  represents  the  total  color  of  the  batch  at  the 
end  of  z  hours  when  the  weight  is  ED  grams.  To  determine 
this  batch  color  in  practice  from  the  effluent  color  curve, 
the  area  EFCD  is  obtained  with  the  aid  of  a  planimeter  and 
divided  by  the  total  weight  at  the  particular  time.  This 
gives  directly  the  batch  color.  The  effluent  color  curve  and 
the  weight  of  oil  from  the  fflter  enable  one  to  predict  the  total 
batch  color  at  any  given  time.  This  has  been  repeatedly 
verified  both  in  the  Laboratory  and  on  a  plant  scale  and  is 
of  great  help  in  plant  control.  Such  a  calculation  is  not 
possible  if  the  Lovibond  scale  is  used. 

RESULTS    BE.mlNG     ON    NATURE     OF    COLORING    MATTER — 

One  interesting  point  may  be  mentioned  in  passing,  with 
regard  to  the  bearing  of  the  results  obtained  on  the  probable- 
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nature  of  the  coloring  matter  in  the  oils.  It  has  frequently 
been  suggested  that  there  might  be  several  different  coloring 
materials  present  in  the  oil,  each  of  which  was  adsorbed  to 
a  different  extent  and  gave  a  different  kind  of  color  to  the 
oil.  This  might  seem  plausible  in  view  of  the  very  great 
difference  in  color  between  an  original  oil  and  a  decolorized 
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oil.  In  view  of  the  fact,  however,  that  a  solution  of  the 
original  oil  can  by  mere  dilution  be  made  to  match  the  same 
oil  after  it  has  been  decolorized  to  any  given  extent,  it  is 
apparent  that  if  there  are  two  coloring  matters  in  the  oil 
they  either  have  almost  identically  the  same  color  absorption 
in  different  parts  of  the  spectrum,  which  is  improbable,  or 
else  they  are  adsorbed  to  the  same  relative  extent  by  the 
fuUer'.s  earth.  In  the  latter  case  the  coloring  matter  might 
as  well  for  all  practical  purposes  be  considered  as  one  single 
material. 

The  only  possible  exception  to  this  statement  is  in  the  case 
of  the  so-called  "grayness"  observed  in  the  darker  oils  which 
is,  however,  at  best  a  small  factor  and  is  probably  due  to 
partly  solidified  paraffin  or  to  fairly  large  colloidal  particles 
of  carbonaceous  material.  Certain  oils  from  special  dis- 
tricts have  a  purplish  or  other  unusual  tint  when  viewed  in 
thick  layers,  but  inspection  of  their  dilute  solutions  or  thin 
films  shows  that  in  even  these  the  essential  coloring  matter 
is  the  same  as  in  the  other  oils,  but  there  is  superimposed 
a  smaU  amount  of  material  which  has  different  color  absorp- 
tion and  shows  up  quite  differently  in  the  thicker  layers. 

Further  work  is  now  under  way  to  determine  any  special 
characteristics  which  may  be  associated  with  the  color  of 
crude  oils  from  different  sources. 

Laboratory  Directions 

APPARATUS — The  necessary  apparatus  is  as  follows; 

1 — Duboscq  colorimeter  with  two  SO-mm.  cups  and  one  100- 
mm.  cup  (with  glass  cover). 

2 — Three  film  spacers  as  follows  (see  Note  1  for  caliliration) : 
No.  1  =  1.10    mm.  thick  ±  5  per  cent 
No.  2  =  0.380  mm.  thick  ±  .5  per  cent 
No.  .S  =  0,  140  mm.  thick   ±  .5  per  cent 
.3 — A  standard  solution  of  oil  for  comparison,  of  ahoiil   .35° 
Lovibond  color  (see  Note  2  for  calibration). 

METHOD  OF  PROCEDURE — Let  the  standard  be  designated 
by  L.  S.  and  the  unknown  oil  by  X.  The  division  of  the 
oils  into  the  following  classes  is  m.ade  in  order  to  require 
a  depth  of  standard  of  4  to  12  mm. 

Oils  of  True  Color  Range  from  9  to  120  -Obtain  a  uniform 
sample  of  X  and  pour  it  into  the  Duboscq  cup,  placing  the 
cup  on  the  right  hand  side  of  the  instrument,  L.  S.  being  in 
the  left  hand  cup.  Use  the  regular  5()-mm.  cup  for  oils  of 
a  true  color  between  15  and  120,  and  the  100-mm.  cup  for 


oils  lighter  than  3  (Note  3).  Adjust  the  plunger  quickly 
on  the  nearest  mm.  reading  in  X  so  as  to  obtain  a  5  to  20 
mm.  reading  of  L.  S.  Then  move  the  L.  S.  plunger  carefully 
until  a  color  match  is  obtained,  approaching  a  match  from 
both  the  light  and  dark  side  (Note  4).  One  reading  is  suffi- 
cient, but  three  may  be  very  quickly  made  and  a  check 
thereby  obtained.  Record  as  data  the  reading  in  mm.,  a, 
of  L.  S.  necessary  to  match  a  definite  layer,  h  mm.,  of  oil  X. 
Oils  of  True  Color  Range  from  120  to  /f^OO— Stir  X  carefully 
to  obtain  uniformity  and  deliver  a  sample  of  several  drops 
on  the  middle  of  the  glass  film  plate  which  has  the  suitable 
spacers,  as  indicated  in  Plate  IV.  The  film  plates  must  be 
very  clean  and  free  from  dust  particles.  Press  down  the 
top  plate  over  the  sample,  squeezing  out  any  excess  of  oil 
through  the  sides,  and  clamp  the  plates  with  suitable  fasteners 
(Note  5).  Clean  the  top  and  bottom  surfaces  and  insert 
the  film  of  oil  beneath  the  plunger  on  the  right  hand  side 
of  the  colorimeter,  lowering  the  plunger  until  it  rests  lightly 
on  the  surface  of  the  top  plate,  entirely  covering  the  oil  film. 
Move  the  L.  S.  plunger  to  obtain  a  match  as  before  and 
record  as  data  the  reading  in  mm.,  a,  of  L.  S.  necessary  to 
match  the  layer  h  (the  thickness  of  film  used)  of  X. 

CALCULATION  OP  TRUE  COLOR  VALUE— 

At  match;  a  mm.  =  reading  of  L.  S.  for  reading  of  b  mm.  of  X  oil. 

For  1  to  120  T.  C.  range,  o  =  layer  of  X  oil  in  cup. 

For  120  to  4500  T.  C.  range,  6  =  thickness  of  oil  film  in  spacers. 


Then  let   C, 


=  unknown  color,  and  3.5 


=  color  of  L.  S. 


and 


35 


=    -    or  C.  =   -(35). 
b  ^        b 


If  a  is  chosen  arbitrarily  at  5  or  10  mm.  then 
Cx-   = 


175       330  .     , 

or  ,   respectively. 

6  b 


When  the  film  spacers  are  used  the  true  color  may  be  ob- 
tained easily  from  Plate  IV,  which  gives  true  color  readings 
for  L.  S.  readings  matching  the  films.  If  desired,  simple 
charts  or  tables  may  be  prepared  to  record  the  true  color 
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readings  corresponding  to  different  levels  of  the  L.  S.  plunger 
and  the  different  films  used,  thus  simplifying  the  calculation 
for  plant  use. 

Notes 

1 — Film  spacers  are  selected  as  previously  outlined,  namely: 

For  oils  of  T.  C.  range  from     120-  400  =  No.  1 

For  oils  of  T.  C.  range  from    400-1100  =  No.  2 

For  oils  of  T.  C.  range  from  1 100-4500  =  No.  3 

The  thickness  is  accurately  determined  by  measuring  with  a 
micrometer  to  0.0001  in.,  obtaining  the  thickness  of  each  plate  separately 
and  then  the  over-all  measurement.  A  proper  selection  of  microscope 
slides  is  made  and  the  spacers  assembled  according  to  Plate  III.  Film 
plates  should  be  marked  and  always  kept  in  pairs. 

2 — To  prepare  L.  S.  make  up  the  following  solutions: 

Solution  A — XJnfiltered  cylinder  stock  dissolved  in  water-white 
kerosene  and  approximately  matching  a  350  Lovibond  oil. 

Solution  B — Filtered  oil  dissolved  in  kerosene  to  match  approxi- 
mately a  350  oil. 

Mix  approximately  in  the  proportion  A  :  B  ::  20  :  80  by  volume  to 
obtain  L.  S.  and  in  the  reverse  proportion  to  obtain  the  special  dark  standard 
D.  S.  Dilute  L.  S.  and  D.  S.  with  kerosene  until  both  give  a  reading  of 
9.1  mm.  when  matched  against  a  50°  Lovibond  color  glass  (oil  series).  This 
50°  Lovibond  glass  should  be  carefully  checked  against  two  25°  glasses  or 
other  combination  to  avert  any  error  due  to  an  irregularity  in  the  50°  glass. 
If  any  difficulty  is  experienced  in  matching  colors  from  1500  to  4500  use  the 
D.  S.  (dark  standard) .  Other  standards  may  be  made  if  necessary  for  special 
work  and  the  true  color  value  obtained  by  comparison  with  L.  S.  or  D.  S. 
Both  L.  S.  and  D.  .S.  are  exactly  equivalent  in  color  value,  D.  S.  merely 
possessing  a  slightly  grayer  tint  than  L.  S.  which  makes  it  easier  to  get  a 
good  match  in  some  cases.  For  experienced  observers  a  single  standard 
L.  S.  is  sufficient  to  cover  the  whole  range  of  color  determinations. 

3 — For  oils  of  T.  C.  between  3  and  200  the  50-mm.  cup  is  used,  the 


plunger  being  set  at  5,  10,  20,  or  40  mm.,  according  to  the  unknown  oil  color. 
For  oils  lighter  than  3,  as  previously  stated,  the  plunger  is  unscrewed  and 
the  oil  placed  in  a  special  cell  100  mm.  deep,  equipped  with  a  glass  cover 
which  fits  evenly  on  the  top  and  squeezes  out  any  excess  oil. 

4 — It  is  more  convenient  to  adjust  L.  .S.  rather  than  X,  since  in  the 
very  light  oils  the  plunger  is  very  near  the  siu'face  of  X  and  permits  of  only 
a  slight  variation  in  depth.  With  oils  where  the  film  spacers  are  used  L. 
S.  is  always  varied;  for  the  sake  of  uniformity,  this  procedure  is  recom- 
mended throughout  the  whole  range.  Calculation  may  also  be  somewhat 
simplified  as  indicated  above  if  definite  thicknesses  of  the  unknown  are 
always  used.  If  any  bubbles  adhere  to  the  bottom  of  plunger  they  should 
be  removed  by  tapping  or  by  raising  and  lowering  the  plunger  slightly, 
as  these  air  bubbles  cause  errors  in  the  color  determination. 

5 — Any  type  of  fastener  exerting  uniform  pressure  on  the  spacers  may 
be  used.  Small  sized  paper  clips  are  very  satisfactory.  Even  very  moderate 
pressure  is  sufficient  to  reduce  the  oil  film  on  the  spacers  to  an  inappreciable 
thickness.  A  special  type  of  metal  holder  for  the  film  spacers  has  been 
devised  which  may  be  used  with  the  colorimeter.  By  washing  with  gasoline 
the  residual  oil  is  very  thoroughly  and  quickly  removed. 

SouKCE  OF  Light — Use  ordinary  daylight  or  the  special  daylight  lamp. 
By  using  either  the  mirror  or  milked  glass  side  of  the  Duboscq  reflector  at 
different  angles  the  intensity  of  the  light  may  be  varied  at  will,  without 
any  effect  on  the  color  values  obtained.  There  is,  however,  a  certain  range 
in  amount  of  light  which  gives  the  best  matches  without  eye  strain,  and 
care  should  be  taken  not  to  get  too  much  or  too  little  light. 
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Simple  Hydrogen  Generator  for  Use  in 
Making  Hydrogen-Ion  Concen- 
tration Measurements 

By  Paul  H.  Cathcart' 

RESE.^RCH    L.4BORATORIES,     NATIONAL    CanNERS'    ASSOCIATION, 

Washington,  D.  C. 

THE  principle  involved  is  that  of  a  beU  jar  inverted  in 
a  cylinder  containing  a  10  per  cent  sodium  hydrox- 
ide solution.  Two  electrodes  on  a  llO-volt  D.  C. 
circuit  are  introduced,  the  cathode  within  the  bell  jar  and 
the  anode  outside  and  at  a  higher  level.  The  outer  vessel, 
A,  consists  of  a  large  glass  precipitating  jar  about  15  in. 
high,  while  the  hydrogen  reservoir  is  a  large  percolator,  B, 
of  about  the  same  height,  inverted  and  placed  inside  the 
precipitating  jar  and  held  about  an  inch  from  the  bottom 
by  means  of  glass  or  porcelain  blocks  or  a  porcelain  acid 
dish,  D. 

This  slight  elevation  Ls  to  allow  the  cathode  H,  wliich  is 
on  a  wire  introduced  through  the  rubber  stopper  C  sealed 
in  the  top  of  the  percolator,  to  dip  slightly  below  the  rim  of 
the  reservoir.  To  keep  the  reservoir  from  rising  when  full 
of  hydrogen  it  is  held  down  by  rubber  covered  wires,  E, 
fastened  around  the  neck  and  running  at  four  places  down 
the  outside  of  the  precipitating  jar  and  under  its  bottom, 
where  they  are  laced  together  in  such  a  way  that  they  cannot 
slip  off. 

A  glass  tube,  G,  vnth  a  stopcock  passes  through  the  rubber 
stopper  at  the  top  and  leads  the  collected  hydrogen  through 
the  purifying  train  to  the  hydrogen  electrode  cells.  The 
electrodes  and  wdres  which  are  in  contact  with  the  caustic 
solution  are  of  iron  and  have  given  perfect  satisfaction. 
The  electrodes,  each  of  about  4  sq.  in.  area,  were  stamped 
out  of  ordinary  tin  plate  and  stripped  of  tin  ■5\dth  a  solution 
of  sodium  plumbate  (lead  acetate  plus  an  excess  of  sodium 
hydroxide).    The  cathode  H  is  adjusted  within  the  reservoir 

*  Received  December  1,  1921. 


so  that  it  projects  just  below  its  rim,  and  the  anode  0  is 
adjusted  near  the  inside  wall  of  the  precipitating  jar  at  such 
a  height  that  it  just  reaches  the  solution  when  all  the  gas 
has  been  drawn  out  of  the  reservoir  through  the  outlet  tube. 
Care  must  be  taken  that  the  quantity  of  solution  is  not  suffi- 
cient to  overflow  the  outer  vessel  when  the  gas  reservoir 
is  fuU  and  large  bubbles  of  excess  hydrogen  rise  in  the  space 
between  the  two  vessels.  M  represents  the  approximate 
level  of  NaOH  solution  when  aU  the  gas  has  been  drawn 
out  of  the  reservoir,  and  N  the  approximate  working  level  of 
NaOH  solution  when  the 
reservoir  is  full  of  gas. 

The  generator  is  kept 
in  a  sink  as  a  matter  of 
convenience  in  case  of 
overflow  or  breakage. 
An  ample  supply  of  hy- 
drogen has  been  main- 
tained at  all  times  by 
having  a  lamp  bank 
drawing  a  current  of 
about  4  amp.  connected 
in  series  with  the  elec- 
trodes. Wiienever  the 
reservoir  becomes  fuU 
and  overflows  a  smtch 
in  the  circuit  is  opened 
and  the  generation  of 
gas  is  stopped  until  again 
needed. 

The  lamps  on  the  bank 
are  arranged  in  parallel 
and  fastened  on  a  board 
which  is  inverted  over  a 
small  sink  so  that  about 
hah  of  the  bulbs  are  immersed  in  flowing  water  the  height 
of  which  is  regulated  by  an  overflow  tube.  This  gets  rid 
of  both  the  glaring  light  and  the  heat  from  the  lamps. 
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Changes  in  Some  Varnish  Resins  on  Heating 

By  F.  H.  Rhodes-  and  H.  F.  Johnson 

Department  op  Chemistry,  Coknuxl  University.  Ithaca,  New  York 


In  varnish  manufacture  resins  are  rendered  soluble  in  oil  by  a 
preliminary  heating  (^"running")  at  325°  to  350°  C.  The  present 
paper  deals  with  the  nature  and  extent  of  changes  in  the  acid  and 
iodine  numbers  of  resins  on  heating.  Determinations  were  made  on 
Congo  copal.  East  India  copal.  Manila  copal.  Ponlianak,,  and 
kauri,  on  the  original  resins  and  on  samples  which  had  been  heated 
to  300°,  350°,  and  390°  C. 

In  every  instance  heating  caused  a  decrease  in  acid  value,  the 
extent  varying  with  different  resins.  The  iodine  number  of  Congo 
copal  decreased  upon  healing,  and  that  of  East  India  copal  increased. 
For  the  other  resins,  the  value  increased  slightly  when  they  were  healed 
to  300  C.  but  decreased  at  higher  temperatures.  There  is  no  ap- 
parent relation  between  the  change  in  iodine  number,  acid  value, 
and  loss  in  weight  on  healing. 

AS  is  well  Icnown,  ordinary  oleoresinous  varnishes 
consist  essentially  of  solutions  of  "varnish  resins" 
in  drying  oils  Among  the  resins  which  are  most 
commonly  used  in  varnish-making  are  various  natural 
resins  of  fossil  or  semifossU  origin — Congo,  East  India, 
Manila,  and  Pontianak  copals,  and  kauri.  These  resins 
are  not,  in  general,  directly  and  completely  soluble  in  oU, 
but  may  be  rendered  soluble  by  heating  to  fusion  and  partial 
decompositi6n.  In  actual  practice,  this  preliminary  heating 
or  "running"  of  the  resin  is  effected  by  heating  it  to  a  tem- 
perature of  approximately  325°  to  350°  C. 

When  the  resin  is  thus  heated  a  certain  amount  of  de- 
composition takes  place,  volatOe  products  are  given  oif, 
and  the  residue  becomes  more  soluble  in  oil  or  other  solvents 
than  was  the  original  resin.  Very  httle  work  has  been  done 
to  determine  the  actual  chemical  changes  which  take  place 
in  the  resins  on  heating,  and  little  or  nothing  is  known  as 
to  the  exact  nature  of  the  chemical  reactions  which  occur 
in  "running"  the  varnish  resins. 

A  number  of  investigators  have  determined  the  analytical 
constants  of  the  various  fossil  and  semifossil  resins.  Wor- 
stall'  determined  the  acid  numbers  and  the  iodine  values 
(Hubl)  of  a  rather  large  number  of  samples  of  Manila, 
Pontianak,  South  African,  West  African,  Sierra  Leone  and 
Brazilian  copals,  kauri,  and  dammar.  He  also  showed  that 
some  of  these  fossil  resins,  when  finely  ground  and  exposed 
to  air  for  4  mo.,  showed  an  increase  in  the  acid  number  and 
a  decrease  in  iodine  value.  These  changes  he  attributed 
to  the  oxidation  of  the  resin. 

Williams'*  determined  the  "KOH  absorption"  and  the 
iodine  value  of  a  kauri  and  copal,  both  before  and  after 
"running."  He  examined,  however,  only  one  sample  of 
each  type  of  resin,  and  gives  no  information  as  to  the  type 
or  source  of  the  copal  which  he  used.  Moreover,  he  does 
not  state  the  temperature  to  which  the  resin  was  heated 
during  "running." 

Lewkowitsch'  determined  the  analytical  constants  of 
a  number  of  varnish  resins,  both  Ijcfore  heating  and  after 
heating  to  300°  C.  The  results  ol)taincd  with  the  original 
resins  differ  markedly  from  Worstall's  results  for  the  same 
constants  of  sunilar  types  of  resins.  Moreover,  in  "running" 
his  resins,  Lewkowitsch  heated  the  rosins  to  a  temperature 
of  300°  C.  only,  whereas  in  the  actual  manufacture  of  var- 
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nishes  the  resins  are  usually  heated  to  temperatures  ap- 
preciably higher  than  this. 

The  work  described  in  this  present  article  was  done  for 
the  purpose  of  determining  the  nature  and  extent  of  the 
changes  in  the  acid  numbers  and  the  iodine  numbers  of  the 
varnish  resins  when  these  resins  are  heated  to  various  tem- 
peratures. It  was  hoped  that  the  results  thus  obtained  would 
afford  some  information  as  to  the  nature  of  the  chemical 
changes  which  occur  in  the  "running"  of  varnish  resins. 

Materials  and  Method 

The  following  resins  were  used: 

Congo  Copai,,  bold  amber,  donated  by  S.  C.  Johnson  &  Son  Co. 
Kahei,  Grade  No.  1,  donated  by  S.  C.  Johnson  &  Son  Co. 
East  India  Copal,  nubs,  donated  by  S.  C.  Johnson  &  Son  Co. 
Pontianak  Copai,,  selected  fine,  donated  by  A.  Klipstein  &  Co. 
Manila  Copal,  bright  amber,  from  Patterson,  Boardman,  Knapp  Co. 

In  all  cases,  the  iodine  numbers  of  the  resins  were  deter- 
mined by  the  Hubl  method,  following  the  exact  procedure 
described  in  Lewkowitsch's  "Chemical  Technology  and 
Analysis  of  Oils,  Fats 
and  Waxes. "°  The  acid 
numbers  were  deter- 
mined by  the  indirect 
method  used  and  de- 
scribed by  Worstall.' 
To  1  g.  of  the  finely 
powdered  resin 
weighed  out  in  a  glass- 
stoppered  bottle,  15  cc. 
of  benzene,  5  cc.  of 
alcohol,  and  15  cc.  of 
0.2  A'^alcohoUc  potash 
solution  were  added. 
After  18  hrs.,  25  cc.  of 
alcohol  and  a  few 
drops  of  phenolphtha- 
lein  were  added  and 
the  excess  of  alkali  was 
titrated  with  0.2  N 
sulfuric  acid.  The 
number  of  milligrams 
of  potassium  hydroxide 
neutralized  by  the 
gram  of  resin  was 
taken  as  the  acid  value 
of  the  resin. 

This  method  would, 
of  course,  give  incor- 
rect results  if  the 
resins  contained  esters 
as  well  as  free  acid  or 
acid    anhydrides,    but 

Worstall  lias  shown  that  esters  are  not  normally  present  in 
these  fossil  or  semifossil  resins. 

When  the  original  Manila  and  Pontianak  copals  were 
analyzed  by  this  method,  the  resins  dissolved  completely 
in  the  mixed  solvent.  The  original  East  India  and  Congo 
copals  and  kauri  rosin,  however,  did  not  dissolve  completely 
even  on  long  standing,  and  therefore  the  acid  values  ob- 
tained for  these  results  are  possibly  lower  than  the  true 
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acid  values.  All  of  the  resins  which  had  been  heated  to 
fusion  dissolved  readUy  and  completely  in  the  mi.xture  of 
alcohol  and  benzene,  and  gave  results  which  are  presumably 
correct. 

App.\k-\tus 

The  apparatus  used  in  these  experiments  is  shown  in 
the  accompanying  figure.  The  resin  was  contained  in  a 
large  test  tube  (1  in.  X  8  in.).  This  tube  extended,  through 
a  piece  of  asbestos  board,  into  a  hemispherical  iron  pot  which 
was  heated  by  a  Meker  burner  and  served  as  an  air  bath 
to  secure  uniform  heating  of  the  resin  in  the  tube.  An 
a,ccurate  thermometer  was  used  to  indicate  the  temperature 
of  the  resin  in  the  tube,  while  a  second  thermometer  placed 
beside  the  tube  served  to  indicate  the  temperature  of  the 
air  bath. 

A  weighed  amount  (usually  about  10  g.)  of  the  resin 
was  heated  in  the  apparatus  until  melted.  The  heating  was 
then  continued  at  the  rate  of  3°  C.  per  min.  until  the  de- 
sired final  temperature  was  attained.  The  resin  was  kept 
at  the  final  temperature  for  5  min.  The  melted  resin  was 
stirred  from  time  to  time  to  insure  uniform  heating.  Tube 
and  resin  were  removed  from  the  air  bath  and  cooled  rapidly 
by  holding  in  a  blast  of  air  and  finally  by  immersing  in  cold 
water.     The  final  product  was  weighed  and  analyzed. 

Results 

The  results  obtained  in  these  experiments  are  shown 
by  Tables  I,  II,  and  III. 

Table  I — Change  in  .\cid  Numbers 

Acid  Value  after  Heating  to 
Original     300°  C.      350°  C.        390°  C. 

Congo  copal 176              136              104  98 

Kauri 129              100                90  72 

East  Indian  copal 56                 45                 36  24 

Manila  copal 169               156               137  132 

Pontianak 176               132               115  101 

Table  II — Change  in  Iodine  Values 

Iodine   Number    (Hubl)    after 
Heating  to 

Original     300°  C.      3.50°  C.  390°  C. 

Congo  copal 126               109                 97  96 

Kauri 112              115              104  104 

East  Indian  copal 75                78                90  100 

Manila  copal 117              122              122  116 

Pontianak  copal 120              124              122  96 

T.4BLE  III — Loss  IN  Weight 

Percentage  Loss  after  Heating  to 

300°  C.  350°  C.  390°  C. 

Congo  copal 3.8  9.5  48.6 

Kauri 22.2  22.4  28.4 

East  Indian  copal 6.05  8.5  22.6 

Manila  copal 4.9  10.6  22.5 

Pontianak  copal 7.6  9.3  23. 0 

It  wiU  be  observed  that  in  every  case  the  heating  of  the 
resin  results  in  a  marked  decrease  in  the  acid  value.  This 
is  presumably  due  to  the  sphtting  off  of  carboxyl  groups 
and  the  evolution  of  water  and  carbon  dioxide.  This  hy- 
pothesis is  supported  by  the  observation  that  water  and  car- 
bon dioxide  are  evolved  during  the  "running"  of  varnish 
resins.  With  Congo  and  ManUa  copals  the  decrease  in 
acid  value  is  substantially  complete  at  350°  C,  whUe  kauri 
and  Pontianak  copal  show  further  marked  decrease  in  acid 
value   with  increased  temperatures  of  heating. 

The  different  resins  gave  markedly  different  results  for 
the  change  in  iodine  value  on  heating.  With  Pontianak  and 
Manila  copals  the  iodine  value  increased  somewhat  at  300°  C, 
showed  little  further  change  at  350°  C,  and  decreased  again 
at  390°  C.  Kauri,  after  heating  to  300°  C,  showed  an  in- 
creased iodine  value,  but  further  heating  resulted  in  a  de- 
crease to  below  that  of  the  original  resin.  The  iodine  value 
of  Congo  copal  decreased  as  the  temperature  increased, 
while  that  of  East  India  copal  increased  progressively  with 
the  temperature. 


These  changes  may  be  assumed  to  be  due  to  several  dif- 
ferent types  of  reaction  which  may  occur  simultaneously 
in  the  heated  resins.  Either  polymerization  or  absorption 
of  oxygen  at  the  unsaturated  groups  would  decrease  the 
iodine  number;  while  cracking  or  depolymerization  would 
increase  the  absorption  of  iodine.  Worstall  has  sho^vn 
that  when  finely  powdered  copals  are  allowed  to  stand  in 
the  air,  oxygen  is  absorbed  and  the  iodine  values  decrease. 
This  absorption  would  presumably  take  place  more  rapidly 
at  elevated  temperatures,  and  would  account  partly  for  some 
of  the  observed  changes.  On  the  other  hand,  the  volatile 
products  formed  during  the  "running"  of  varnish  resins 
contain  relatively  large  amounts  of  hydrocarbons  which 
are  obviously  produced  by  the  cracking  or  partial  depolym- 
erization of  the  resin  substance. 

Apparently  the  direction  and  the  extent  of  the  change 
in  iodine  value  are  determined  by  the  relative  extent  to 
which  these  various  reactions — oxidation,  polymerization, 
cracking,  and  depolymerization — occur  in  the  heated  resin; 
this,  in  turn,  will  depend  on  the  nature  of  the  resin  and  upon 
the  temperature  to  which  it  has  been  heated. 

There  is  no  apparent  relation  between  the  loss  in  weight 
on  heating  and  the  change  in  iodine  number  or  the  change 
in  acid  value. 


Fat  Extraction  Set' 

By  R.  D.  Scott 
St.\te  Department  of  Health,  Columbus,  Ohio 

The  fat  extraction  set  described  has  proved  very  satis- 
factory for  stock  feed  and  other  routine  analyses.  The 
cabinet  and  condensing  tank  were  made  up  by  a  local  tin- 
smith from  16-oz.  tinned  copper.  The  cabinet  is  48  X  18  X 
4.5  in.,  and  the  condensing  tani,  47.5  X  4  X  4  in.  The  twelve 
condenser  tubes  are  of  Vs-in.  block  tin,  each  30  in.  long, 
and  he  in  the  position  A-A. 

Heat  is  proxaded  not  by  hot  plates,  but  by  "space  heaters," 
heating  strips  obtainable  at  electrical  supply  houses  at  about 
one-tenth  of  the  cost  of  an  electric  hot  plate.  The  two  used 
are  rated  at  125  volts,  4  amperes,  and  when  connected  in 
series  give  the  proper  heat  to  boU  ether,  the  bottom  of  the 
flasks  being  2  in.  above  the  heaters. 


The  flasks,  thimbles,  and  outer  glass  tubes  form  the  con- 
ventional Vivian  type  fat  extractor,  but  porous  clay  thimbles 
are  used  instead  of  glass  tube  thimbles  covered  at  the  bottom 
wth  a  filter  paper  supported  by  mushn. 

1  Received  December  9,  1921. 
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Recrystallization  of  Niter  Cake  at  12^' 

By   Blair   Saxton^ 

Department  of  Chemistry,  Yale  University,  New  Haven,  Conn. 


In  the  following  paper  equations  and  curves  have  been  developed 
by  means  of  which  the  crystallization  at  12°  of  the  various  solid 
phases  of  the  system  NoiSOi-H^SOi-H-JD  can  be  followed. 

Calculations  have  been  made  showing  the  extent  of  separation 
into  solution  and  solid,  especially  as  Na-iSOi.  IOH2O,  which  can 
be  effected  at  12°. 

IN  a  previous  article,'  the  possibility  was  considered  of 
separating  niter  cake  into  its  components  by  recrystal- 
lization at  25°.  Since  that  time,  solubility  results 
have  been  obtained  by  Foote''  at  12°  for  the  system  Na^SOj- 
H2SO4-H2O,  so  that  the  possible  separations  at  the  latter 
temperature  can  now  be  determined.  This  system  has  also 
Iseen  studied  recently  by  Pascal  and  Ero'^  and  by  Dawson^  at 
a  number  of  temperatures.  Dawson  has  also  given  results 
showing  the  amounts  of  Glauber's  salt  which  can  be  crystal- 
lized at  various  temperatures. 

The  results,  as  given  by  Foote,  expressed  in  per  cent  by 
weight,  are  given  in  Table  I. 

Table  I 

Solution 

Solid  Phases                                  HiSOi  NaiSOi  H20' 

Na2SOi.l0H2O 0.00  9.49  90.51 

6.47  12.87  80.66 

12.90  18.02  69.08 

NajSOi.l0H.O:?*Na2SO4.NaHSO4 16. S2  32.93  50.55 

NajSOi.NaHSOi 21.95  29.59  48.46 

Na!SOj.NaHSOi52:NaHS04.HiO 27.96  25.42  46.62 

NaHSO.HaO 33.89  15.15  50.96 

36.69  11.82  51.49 

58.79  4.33  36.88 
Composition  of  Salts 

Na2SO4.10H2O 0.00  44.10  55.90 

NajSOi.NaHSOi 18.70  81.30  0.00 

NaHSOi.HiO 35.50  51.46  13.04 

'  By  difference. 

The  results  are  plotted  in  Fig.  1,  with  per  cents  of  acid 
in  solution  as  abscissae,  and  per  cents  of  sodium  sulfate 
as  ordinates.  A  diagonal  is  drawii  across  the  diagram. 
This  diagonal  is  then  the  hypothenuse  of  a  right-angled 
triangle,  each  leg  of  which  represents  70  per  cent  of  acid 
and  sodium  sulfate,  respectively.  The  per  cent  of  water 
in  solution  is  then  represented  by  either  the  vertical  or  the 
horizontal  distance  of  any  point  from  the  hypothenuse 
plus  30.  The  lines  radiating  from  the  origin  represent  the 
compositions  of  niter  cakes  of  20,  25,  30,  and  35  per  cent 
acid,  together  with  a  line  for  Na2S04.NaHS04  and  a  line 
tangent  to  the  curve  AB.  This  latter  line,  as  will  be  explained 
later,  gives  a  graphical  method  of  determining  from  what 
concentration  of  solution  the  maximum  amount  of  Glauber's 
salt  will  crystallize  at  12°.  The  intersection  of  any  of  the 
other  lines  from  the  origin  with  the  solubility  curve  gives 
the  composition  of  solution  which  first  becomes  saturated 
with  the  solid  represented  by  that  branch  of  the  solubility 
curve  intersected. 

Starting  from  the  solubility  of  pure  Glauber's  salt  there 
are  two  univariant  points,  at  each  of  which  two  solids  are 
in  equilibrium.  The  curves  correspond  to  divarinnt  sys- 
tems with  one  solid  jihase  in  each.  The  phase  Na-S04 
which  is  present  at  25°  drops  out  at  12°.  The  branches 
of  the  curve  are  not  straight  lines,  except  in  the  case  of  BC. 
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In  our  former  paper,'  because  of  lack  of  data,  the  lines  were 
assumed  to  be  straight  between  the  univariant  points. 
Previous  calculations  of  this  kind  have,  in  general,  been 
made  on  similar  assumptions.  Dawson"  has  used  the  actual 
curves.  He  has  recognized  that  at  a  certain  acidity,  which 
he  has  called  "the  optimum  acidity,"  a  maximum  jdeld  of 
Glauber's  salt  is  obtained.  Our  identical  conclusion  (see 
below)  was  reached  entirely  independently.  When  the  actual 
curves  are  considered  some  interesting  results  at  once  appear, 
especially  in  the  case  of  the  branch  of  the  curve  representing 
the  solubOity  of  Glauber's  salt. 


9bHj50j  in  ioluhon 
Fig.  1 

The  Crystallization  of  Na2SO4.10H2O 

The  solubility  of  this  solid  is  represented  by  the  curve 

AB  in  Fig.  1.     If  we  designate  the  concentrations  of  sodium 

sulfate  and  sulfuric  acid  in  a  water  solution  saturated  \\ith 

Glauber's  salt  by  x  and  y,  respectively,  we  obtain  the  following 

empirical  equation  for  the  curve:' 

86.6 
X  -  5.58  4-  19  69_y 

The  average  deviation  of  values  of  x  calculated  by  means  of 
this  equation  from  the  values  determined  is  ±0.40.  If 
we  represent  the  weights  of  Na2S04  and  H2SO4  in  solution 
before  crystallization  by  n  and  s  and  the  weight  of  Na2S04.- 
IOH2O  separating  from  solution  by  z,  then  at  any  point 
along  AB  the  following  relation  must  exist: 

,         5.58  -f        ^'^■'5 


«- 0.44 103 


19.69  -  y 


and,  solving  for  z, 

'  The  curve  is  very  neurly  a  section  of  an  equilateral  hyperbola,  the 

» 

equation  of  which  can  be  written  x  ••  a  ■\ .    The  values  o(  a,  6,  and 

C—y 

c  were  evaluated  by  the  method  of  least  squares.  The  equation  so  derived 
represents  the  experimental  facts  better  than  any  other  simple  equation, 
whether  quadratic,  loRarithmic  or  exponential,  which  the  author  has  tried. 


282 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  4 


z    =2.268 


(.-!)  = 


2.268 


s_f  86.6     > 

y  1^5.58  +  19  e9_j,^ 


Examination  of  this  equation  shows  that  as  —  decreases, 

the  value  of  z  increases  for  fixed  values  of  n  and  s.  In  other 
words,  the  amount  of  NaoSOi.lOHjO  separating  reaches 
a  maximum  when  the  concentration  of  Na2S04  divided 
by  the  concentration  of  HjSO^  in  the  saturated  solution  is 
a  minimum.  This  condition  is  represented  graphically 
as  the  point  at  which  a  line  from  the  origin  becomes  tangent 

to  AB.    The  slope  of  this  Una  is  —  and  no  other  line  from 

y 

the  origin  can  intersect  or  touch  AB  and  have  a  lesser 
slope.  This  point  of  maximum  crystaUization  may  be  cal- 
culated by  solving 

5.58  +  _§6^ 
X  _  19.69-y 

y  y 


for  minimum  value  of 


z  =  2.268 


or  the  equation 
86.6 


5.58  + 


19.69-3- 


for  maximum  value  of  z.  Either  of  these  methods  gives 
y  =  11.83,  which  is  checked  by  the  graphical  method. 
This  value  of  y  is  independent  of  the  values  of  n  and  s; 
hence  it  is  the  same  for  any  niter  cake.  Obviously  it  is  the 
point  on  AB  at  which  to  stop  crystallization.  If  we  sub- 
stitute this  value  of  y  in  the  general  equation  for  z,  we  ob- 
tain 

z    =    2.268M-3.181S, 

or,  for  100  parts  of  niter  cake, 

z   =   226.8-5.449i. 

In  this  case  s  represents  the  per  cent  of  acid  in  the  niter  cake. 
The  weight,  w,  of  water  in  the  solution  at  crystallization 
is  obviously  given  by  the  equation 

w_^    100- (3;  -I-  y)_ 

s  y 

Substituting  the  value  of  x,  in  the  terms  of  y,  this  becomes 
1773- 94. 4y 


(19.69-^)3'  ~V^' 
For  the  maximum  value  of  z,  when  y  is  11.83,  we  find 
w  =  6.052s. 

The  weight,  w',  of  water  with  which  the  niter  cake  must 
be  leached  is 

■w'  =  w  +  0.559Z  =  1.268W  +  4.274i. 
The  total  weight,  W,  at  crystallization  is 

W  =  IV  +  0.559Z  +  n  +  s  =  2.268»  4-  5.274s. 
For  100  parts  of  niter  cake 

w'  =  126.8  -I-  3.006s  and  W  =  226.8  +  3.006i. 

The  maximum  point  may  better  be  recognized  by  the  titer 
of  the  solution,  which  should  show  11.83  per  cent  acid,  or 
by  its  density.  In  speaking  of  crystallizing  Glauber's 
salt  we  refer  to  crystallizing  the  hydrate  to  this  maximum 
point. 

A  niter  cake  containing  more  than  41.6  per  cent  of  acid 
wiU  not  deposit  Glauber's  salt  from  solution  at  12°,  but  rather 
the  double  salt  Na2S04.NaHS04.  This  can  be  calculated 
from  the  values  of  x  and  y  at  the  point  of  maximum  crystal- 
lization.   The  percentage  acidity  of  the  solute  is  obviously 

— ; — ■  Since  y  at  this  point  is  11 .83,  x,  calculated  from  the 
x  +  y 


equation  of  the  line  AB,  becomes  16.60.  These  values 
of  X  and  y  give  41 , 6  as  the  per  cent  of  acid  in  the  solute  or 
dissolved  niter  cake. 

The  Grtstalliz.^tion  op  Na2S04 . NaHSOi 

The  solubility  of  this  phase  is  represented  by  the  line 
BC,  the  equation  of  which  is 

X  =  43.79-0.6576y. 
Starting  with  this  and  the  equation 
W-0.8130Z  _  jv 
i-0. 18702    ~  y  ' 

equations  similar  to  those  given  for  Na2SO4.10H2O  can  be 
developed.  For  any  point  on  the  line  BC  and  for  any. weight 
of  niter  cake  we  have: 

_  (43. 79-0 .6576^)5  -  vy 


w={. 


8.19-0.936V 
C56.21 


/■56.21  \ 

i-0.1870z)   (  — :;—  -  0  3424 j 


The  maximum  value  of  z  is  reached  at   C,  for  here  —  is 

y 

X 

at  its  lowest  value.     That  z  increases  as  —  decreases  can 

y 

be  seen  by  solving  the  original  equation  for  z  and  arranging 
in  the  following  form: 

4.35s-n 


z  =  5.35s  + 


0.187-- 0.813 

y 


For  all  niter  cakes  which  wiU  saturate  water  solution  di- 
rectly mth  Na2S04.NaHS04,  the  numerator  of  this  fraction 
is  positive,  while  at  any  point  on  the  line  BC  the  denomi- 
nation is  negative.     The  fraction,  therefore,  becomes  smaller 

X 

and  z  becomes  larger  as  -^    decreases.      At  the  point  C, 
at  which  2/  =  27.96, 


y 


z  =  1.555n-1.414j 
w  =  2.  llOi- 0.4852?!. 

Or,  if  100  parts  of  niter  cake  are  considered, 

z    =  155.5-2.969i 

■w   =  w'  =  2.595s  -  48.51 

W  =  w  +  100  =  2.595s  +  51.49. 

At  this  point,  C,  the  solution  should  show  27.96  per  cent 
of  acid.  This  is  the  point  to  which  we  have  calculated  all 
crystallizations'  of  this  double  salt. 

Only  a  niter  cake  containing  at  least  33 . 4  per  cent  of  acid 
can  directly  saturate  water  at  12°  -nith  this  double  salt. 
This  can  be  calculated  from  the  values  of  x  and  y  for  point 
B  in  Fig.  1.  If  the  water  solution  of  a  niter  cake  containing 
less  than  this  per  cent  of  acid  were  crystallized  at  12°  so 
that  the  solution  would  contain  more  than  16.52  per  cent 
of  acid,  corresponding  to  point  B  in  Fig.  1,  Glauber's  salt 
would  first  crystallize  until  point  B  had  been  reached,  then 
the  double  salt  would  separate.  If  equihbrium  were  reached, 
the  soUd  phase  would  be  double  salt  only  until  the  concen- 
tration had  been  carried  so  far  that  the  acidity  of  the  so- 
lution in  equilibrium  with  the  solid  had  reached  that  corre- 
sponding to  point  C  in  Fig.  1,  namely,  27.96  per  cent. 

The  Crystallization  of  NaHS04.H20 

The  solubility  of  this  phase  is  represented  by  the  curve 
CD,  which,  as  far  as  it  has  been  carried,  foOows  the  equation 


X  =  35.15 


^Jy(n5.5-  y)  -2360. 

This  is  the  equation  for  a  circle  the  center  of  which  is  only 
slightly  to  the  right  of  D  and  a  little  above  C  in  Fig.  1. 
For  points  beyond  D  the  equation  is  useless,  but  for  the 
curve  as  determined  it  serves  very  well.    The  point  D, 
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furthermore,  cannot  be  far  from  the  univariant  point  at 
which  NaHS04  and  its  inonohydrate  coexist,  so  in  con- 
sidering CD  as  a  regular  curve  we  cannot  be  far  wTong. 
From  this  equation  and  the  relation 

W-0.5146Z  ^  X 
i-0.3550z  ~  y' 

Values  for  z  and  iv  as  follows  are  obtained 


if  we  consider  100  parts  of  the  original  cake,  containing 
s  parts  of  acid,  the  weight  of  Na2S04.NaHS04  which  will 
separate  after  Glauber's  salt  has  been  removed  is  0.767s. 
This  hnear  relation  between  the  amount  of  acid  sulfate  and 
the  acid  in  the  original  cake  is  plotted  in  Fig.  2.    The  amount 


g 


i[35.15-Vy(115.5-j')-2360]-wv 
0.3550  [35.15-Vy(115.5-y)-2360]-0.51463' 
w  =  (5-0.3550.)  (64.85 +  Vy(115.5-y)-2360  _^) 

These  calculations  are  not  so  laborious  as  they  appear,  since 
the  value  of  the  radical  is  easily  simphfied  for  a  given  value 
of  2/. 

This  solid  phase  contains  35 .  50  per  cent  of  acid  and  only 
a  niter  cake  containing  at  least  52 . 4  per  cent  of  acid  can  di- 
rectly saturate  water  with  this  solid  at  12°. 

If,  however,  Na2S04.NaHS04  has  been  crystallized  from 
the  solution  of  a  cake  which  originally  contained  less  than 
52.4  per  cent  of  acid,  and  the  per  cent  of  acid  in  the  solute 
has  thereby  been  increased,  NaHS04.H2O  may  be  separated 
from  solution.  Any  de.sired  acid  concentration  along  CD 
may  then  be  reached. 

"  Processes 

PBOCESS  A — Remove  Na2SO4.10H2O  from  solution  by 
using  the  proper  amount  of  water  to  reach  but  not  exceed 
the  point  of  maximum  yield;  or  completely  leach  with  the 
correct  amount  of  water.  A  method  of  calculating  this 
amount  has  been  given.  The  sohd  if  properly  washed 
will  be  fairly  pure  Glauber's  salt.  Per  100  parts  of  niter 
cake  the  maximum  amount,  z,  of  Glauber's  salt  which  can 
be  obtained  in  this  way  is  (226 . 8  -  5 .  449s) .  This  expression 
is  linear  with  respect  to  s;  in  Fig.  2  z  has  been  plotted  against 
s.  From  this  plot  one  can  read  at  once  the  maximum  yield 
of  the  decahydrate  obtainable  from  100  parts  of  a  cake  which 
is  s  per  cent  acid.  The  weight  of  water,  iv',  with  which 
the  cake  should  be  leached  is  also  a  linear  function  of  s, 
as  can  be  seen  from  Fig.  3.  No  advantage  would  be  gained 
by  adding  fresh  niter  cake  and  water  to  the  residual  solution 
from  this  process.  One  would  accomplish  nothing  except 
the  adding  of  the  solution  residues  as  each  crystallization 
or  leaching  is  carried  out. 

PROCESS  c' — Remove  Na2S04.NaHS04  from  solution 
by  concentrating  to  the  point  C  in  Fig.  1.  The  solution 
will  contain  28.0  per  cent  of  acid.  The  water  required 
for  complete  leaching  has  been  discussed.  The  solid  has 
18.7  per  cent  of  acid,  and,  unlike  Glauber's  salt,  has  httle 
apparent  value.  It  is  simply  an  added  batch  of  18.7  per 
cent  niter  cake.  There  are  two  reasons,  however,  for  its 
removal  from  solution.  First,  it  permits  concentration 
of  acid  in  the  residual  solution  up  to  28  per  cent.  Second, 
it  may  be  put  through  Process  A  either  alone  or  with  a  new 
lot  of  niter  cake  and  more  Glauber's  salt  removed.  Both 
z  and  w'  are  linear  functions  of  s,  and  are  plotted  in  Figs. 
2  and  3.  The  equations  relating  to  these  values  have  been 
given. 

PROCESS  AC — Process  C  may  follow  A;  that  is,  Na2S04.- 
IOH2O  may  be  first  removed  and  then  Na2S04.NaHS04 
nwy  be  separated  from  the  filtrate.  One  hundred  grams 
of  solute,  after  Glauber'.s  salt  has  been  removed  from  the 
solution  of  any  niter  cake,  will  contain  58.37  g.  of  Na2S04 
and  41.63  g.  of  II2S04.  On  concentrating  to  160  g.  or  to 
the  appropriate  titer,  31.9  g.  of  Na2S04.NaIIS04,  composed 
of  25.9  g.  of  Na2S04  and  6.0  g.  of  acid,  will  separate.    Or, 

*  Process  B  was  used  in  our  previous  paper  to  designate  the  separation 
of  NaiS04  which  is  here  absent. 


'?  acid  in  on  q I  no  I  cake 

Fio.  2 


%ocid  in  original  cake 
Fio.  3 


of  water  in  solution  after  the  acid  sulfate  has  been  removed 
is  also  a  linear  function  of  s  and  is  plotted  in  Fig.  3. 

PROCESS  D — Recrystallize  the  Na2S04.NaHS04  from  C. 
If  Glauber's  salt  only  is  desired,  the  above  acid  sulfate 
can  be  put  through  Process  A.  One  hundred  grams  of 
Na2S04.NaHS04  so  treated  will  give  124.9  g.  of  the  dec- 
ahydrate, of  which  55 . 1  g.  are  Na2S04,  by  evaporating  to 
283.0  g.,  or  by  leaching  with  183.0  g.  of  water.  The  titer 
of  the  solution  by  which  this  operation  may  be  followed 
has  been  given.  In  this  way  67.8  per  cent  of  the  Na2S04 
in  the  acid  sulfate  may  be  recovered  as  Glauber's  salt. 

PROCESS  d' — If  it  is  desired  to  concentrate  the  solution  in 
sulfuric  acid,  Na2S04 .  NaHS04  may  be  crystallized  from  the 
solution  from  D  by  using  Process  C.  The  weight  of  solute 
after  124 . 9  g.  of  Glauber's  salt  have  been  removed  is  44 .  92 
g.,  of  which  26.22  g.  are  sodium  sulfate  and  18.70  g.  are 
sulfuric  acid.  From  the  solution  14.33  g  of  Na2S04.Na- 
HSO4,  containing  1 1 .  65  g.  of  NajSOi  and  2 .  68  g.  of  H2SO4,  can 
be  removed.  By  these  two  operations  82. 1  \wt  cent  of  the 
sodium  sulfate  in  the  original  acid  sulfate  as  Na2S04 .  NaHS04, 
67.8  per  cent  as  Na2S04,  and  14.3  per  cent  as  Na2S04.Na- 
HSO4,  will  have  been  removed  from  solution  and  85.7  per 
cent  of  the  acid  will  be  left  in  solution.  Naturally  this  cycle 
could  be  repeated  as  many  times  as  desired,  each  time  ro- 
crystallizing  the  Na2S04 .  NaHS04.  In  this  way  practically 
all  of  the  acid  sulfate  could  be  worked  into  Glauber's  salt, 
but  the  number  of  operations  necessary  makes  such  a  cycle 
seem  impracticable.     However,  these  operations  could  be  run 
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continuously,  new  niter  cake  being  added  and  the  sodium 
nearly  entirely  separated  as  Glauber's  salt. 

PROCESS  ACD — Glauber's  salt  has  been  removed  from  so- 
lution, then  Na2S04 .  NaHS04,  and  this  has  been  recrystal- 
lized  by  Method  D.  This  combined  process  gives  nothing 
but  decahydrate,  but  leaves  two  solutions,  one  after  C, 
containing  28  per  cent  of  acid,  the  other  after  D,  containing 
only  11  8  per  cent  of  acid.  Again  considering  100  parts 
of  niter  cake,  the  total  amount  of  decahydrate  obtained 
by  this  method  is  226.8— 4.491s  and  hence  is  a  linear 
function  of  s.  This  and  the  water  in  the  solution  after  the 
last  step  are  plotted  in  Figs.  2  and  3. 

PROCESS  CD — Na;S04 .  NaHS04  has  been  crystalhzed  from 
the  solution  of  the  original  niter  cake  and  then  the  acid 
sulfate  has  been  recrystaUized  by  Process  D.  The  amount 
of  Glauber's  salt  obtainable  in  this  way  from  100  parts  of 
niter  cake  containing  s  per  cent  of  acid  is  given  by  the  equa- 
tion 2  =  194.2— 3.708s.  This  and  the  quantity  of  water 
necessary  for  the  recrystallization  is  a  linear  function  of  s. 
The  lines  showing  these  relations  are  in  Figs.  2  and  3,  re- 
spectively. 

PROCESS  acd' — If  this  process  were  used,  from  100  parts 
of  niter  cake  which  was  s  per  cent  acid,  the  total  amount 
of  Glauber's  salt  obtained  would  be  226.8— 4.491s  and  the 
Na2S04.NaHS04  crystallized  would  be  0.1099s. 

process  e — Remove  NaHS04.H20  from  solution.  As 
has  been  stated,  this  cannot  be  done  dii'ectly  except  in  the 
case  of  a  niter  cake  or  solute  high  in  acid.  This  process  may, 
however,  follow  C,  although  the  number  of  operations  is 
such  that  it  is  practically  excluded.  If  a  solution  high  in 
acid  were  desired  even  at  the  expense  of  a  compUcated  proc- 
ess and  the  loss  of  some  acid  in  the  solute,  E  might  be 
resorted  to.  Solutions  from  28  per  cent  to  at  least  59  per 
cent  acid  could  be  obtained.  One  hundred  grams  of  solute 
from  C  will  contain  47.6  g.  of  Na2S04  and  52.4  g.  of  H2SO4. 
The  results  which  can  be  obtained  from  such  a  solute  can 
be  calculated  by  means  of  the  general  equation  for  this  acid 
sulfate. 

Results 

The  results  which  can  be  obtained  by  the  use  of  these  vari- 
ous processes  are  given  in  Table  II  and  plotted  in  Fig.  2. 


Table  II 

HiSOi 

HiSO. 

in 

Wt.of 

Acid- 

Recov- 

Na2S04 

Niter 

No  of  Water 

Wt.of  Solid.    a  = 

ity  of 

ered  in 

Removed 

Cake 

Treat- 

Opera-   to 

Na!SO..10H2O.c  = 

Solution   Solution 

as  Solid 

Percent 

ment 

tions  Leach 

NaiSOi.NaHSO. 

Per  cent 

Percent 

Per  cent 

20 

A 

1 

187.0 

0  =  117.8 

11.8 

100.0 

64.9 

C     . 

1 

3.4 

c=    96.1 

28.0 

10.2 

97.7 

AC 

2 

2S,6 

a  =  117.8;<:=15.3 

28.0 

So. 7 

80.5 

ACD 

3 

28.0 

a=137.0 

28.0;11.S 

100.0 

75.5 

CD 

2 

4.4 

a  =  120.0 

28.0;11.8 

100.0 

66.2 

25 

A 

1 

202.0 

0=   90.6 

11.8 

100. 0 

53.3 

C 

1 

16.4 

c=   81.3 

28.0 

39.2 

88.1 

AC 

2 

35. S 

a=    90.6;c=19.2 

28.0 

85. 7 

74.0 

ACD 

3 

35.1 

0  =  114.5 

28.0,11.8 

100.0 

67.3 

CD 

2 

21.2 

0  =  101.5 

28.0;11.S 

100.0 

59.7 

30 

A 

1 

217.0 

0=    63.3 

11.8 

100.0 

39.9 

C 

1 

29.3 

c=    66.4 

28.0 

58.6 

77.1 

AC 

2 

42.9 

<j=    63.3;c  =  23.0 

28.0 

85.7 

66.6 

ACD 

3 

42.1 

0=   92.1 

28.0;11.S 

100.0 

58.0 

CD 

2 

38.0 

0=   83.0 

2S.0;11.8 

100.0 

52.2 

35 

A 

1 

232.0 

0=   36.1 

11.8 

100.0 

24.4 

C 

1 

42.3 

<;=    51.6 

28.0 

72.4 

64.5 

AC 

2 

50.0 

0=    36.1;c  =  26.8 

28.0 

85.7 

58.0 

ACD 

3 

49.1 

0=   69.6 

28.0;11.8 

100.0 

47.1 

CD 

2 

54.8 

a=   64.4 

28.0^11.8 

100.0 

43.7 

An  examination  of  Table  II  and  Fig.  2  shows  that  for 
the  Processes  A,  C,  ACD,  and  CD  the  yield  of  crystals 
decreases  as  the  per  cent  of  acid  in  the  niter  cake  increases. 
Only  in  one  case,  that  of  AC,  is  the  reverse  true  for  one  of 
the  soUds,  Na2S04 .  NaHS04.  Since  Process  A  has  preceded 
C  in  this  combined  process  and  the  yield  of  Glauber's  salt 
decreases  in  A  much  faster  than  that  of  the  acid  sulfate 
increases  in  C,  the  result  is  that  the  total  weight  of  sodium 


sulfate,  calculated  as  Na2S04,  falls  off  as  the  per  cent  of 
acid  in  the  original  niter  cake  increases. 

A  comparison  of  the  methods  for  producing  Na2S04 .  IOH2O 
shows  that,  of  those  here  outUned,  ACD  is  the  most  effective 
for  a  niter  cake  of  less  than  41.6  per  cent  acid,  while  CD, 
invohdng  one  less  operation,  is  most  effective  when  the  origi- 
nal cake  has  more  than  that  amount  of  acid.  The  differ- 
ence in  the  yield  of  Glauber's  salt  is  probably  not  great  enough 
to  warrant  the  extra  operation  required  by  Process  ACD 
even  with  niter  cakes  low  in  acid.  The  other  method,  A, 
is  the  simplest.  The  yield  of  Glauber's  salt,  however,  is  the 
poorest.  If  the  niter  cake  is  comparatively  low  in  acid, 
saj',  between  20  and  30  per  cent,  this  process  compares  quite 
favorably  with  CD  and  is  less  expensive.  We  would  recom- 
mend it  for  such  niter  cakes.  The  relations  between  the 
yields  obtained  by  these  three  processes  can  be  seen  by  a 
study  of  Table  II,  or  by  a  glance  at  Fig.  2. 

If  it  is  desii-ed  to  crystallize  Na2S04 .  NaHS04,  the  amount 
which  can  be  separated  can  be  found  in  the  table  or  read  from 
the  figure. 

In  order  to  test  these  calculations,  crystallization  experi- 
ments were  carried  out  with  synthetic  30  per  cent  niter  cake 
so  that  in  the  one  case  Glauber's  salt  was  separated  near  the 
point  of  maximum  yield,  and  in  the  other  case  Na2S04.- 
NaHS04  was  crystallized. 

In  the  first  experiment  70.03  g.  of  anhydrous  sodium 
sulfate  were  treated  with  31 .35  g.  of  95.6  per  cent  pure  acid. 
The  cake,  therefore,  weighed  100.00  g.  and  contained  29.97 
per  cent  of  acid.  To  this  were  added  217.74  g.  of  water 
which,  with  that  in  the  acid,  made  the  total  water  219.12 
g.  On  warming  slightly  all  sodium  sulfate  dissolved  and 
Glauber's  salt  only  crystallized  at  12°  after  the  solution 
was  inoculated.  This  solution,  in  a  stoppered  Erlenmeyer 
flask,  was  left  in  a  thermostat  at  12°  for  4  days  during  which 
it  was  frequently  shaken.  At  the  end  of  that  time  the  Glau- 
ber's salt  was  filtered  through  a  suction  filter  and  quickly 
pressed  between  filter  paper  until  it  was  dry.  The  yield 
was  60.2  g.  The  solution,  on  analysis,  proved  to  contain 
11.62  per  cent  of  acid.  The  yield  of  Glauber's  salt  cal- 
culated is  63.4  g.  The  agreement  is  satisfactory,  con- 
sidering the  roughness  of  the  experiment. 

In  the  second  experiment  100.34  g.  of  synthetic  niter 
cake,  containing  30.01  per  cent  of  acid,  were  dissolved  in 
56.73  g.  of  water.  After  warming  until  the  sodium  sulfate 
had  dissolved,  the  solution  was  treated  as  in  the  previous 
experiment.  The  crystals  were  quickly  filtered,  washed 
twice  with  small  portion  of  D'Ans'  solution  (5  volumes  of 
water,  1  volume  of  concentrated  sulfuric  acid,  and  7.5 
volumes  of  ethyl  alcohol),  then  with  a  little  absolute  alcohol, 
and  finally  with  ether.  After  being  air-dried,  it  weighed 
40.4  g.  Its  analysis  gave  18.56  per  cent  of  acid,  while  the 
calculated  per  cent  for  Na2S04 .  NaHS04  is  IS .  70.  From  the 
total  weight  at  crystaUization  and  equations  previously 
given  the  calculated  per  cent  of  acid  in  the  solution  was 
19.32.  That  found  was  19.44.  For  this  acidity  and  for 
the  weight  of  niter  cake  taken  the  estimated  yield  of  acid 
salt  is  43.2  g.,  which  is  in  satisfactory  agreement  with  the 
weight  found. 

Butler  and  DunnicUff'  have  apparently  questioned  the 
conclusion  in  the  previous  paper'  that  we  obtained  Na2S04.- 
NaHS04  in  confirmation  of  calculations  there  developed. 
Their  criticism  is  directed  at  the  method  of  washing  the  acid 
sulfate  as  recommended  by  D'Ans.  This  consists  in  washing 
first  with  a  mixture  of  alcohol  and  dilute  suKurio  acid,  then 
with  alcohol,  and  finally  with  ether.  They  have  shown 
that  an  acid  sulfate  such  as  NaHS04.H20  on  prolonged 
extraction  with  moist  ethyl  alcohol  will  lose  water  and  acid, 

•  J.  Chem.  Soc,  117  (1920),  649. 
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forming  NajSOi .  NaHSO,  and  finally  Na^SOj.  We  do  not 
question  this  conclusion.  We  do  maintain,  however,  that 
their  implication  that  we  might  not  have  had  NajSOi.Na- 
HSO4  but  a  salt  higher  in  acid  which  several  washings  with 
95  per  cent  alcohol  had  changed  into  this  double  salt  is  not 
justified.  It  is  rather  improbable  that  one  could  transform 
108.2  g.  of  NaHSOj.HoO  into  68.5  g.  of  NajSOi . NaHSO, 
by  a  few  washings  of  well-defined  large  crystals  with  95 
per  cent  alcohol.  Further,  108.2  g.  of  the  monohydrate, 
which  is  the  amount  required  to  give  68.5  g.  of  the  double 
salt,  contain  38 . 4  g.  of  acid,  which  is  more  than  the  amount 
present  in  the  solution  from  which  the  crystals  separated. 
We  claim  our  calculations  have  been  confirmed.  Further, 
the  fact  that  not  only  the  yield  of  Na:S04.NaHS04,  but 
that  of  NaoS04,  which,  aside  from  its  small  solubility,  is  not 
affected  by  D'Ans'  solution,  corresponds  to  the  calculated 
value  argues  in  favor  of  our  conclusion. 

The  criticism  cited  would  also  refer  to  the  solubility  de- 
terminations of  Foote''  on  which  the  present  calculations 
are  based.  Foote,  however,  had  no  difficulty  in  identifying 
the  acid  sulfates  Na2S04 . NaHS04  and  NaHS04.H20  even 
though  he  used  D'Ans'  solution  for  removing  mother  liquor. 

The  experiment  on  crystaUizing  Na;S04 .  NaHS04  cited 
in  the  present  paper  would  likewise  be  open  to  their  criti- 


cism. Yet  the  double  salt  obtained  is  homogeneous  and 
forms  in  well-defined  crystals.  Four  different  5-g.  samples 
gave  18.55,  18.55,  18.56,  and  18.58  per  cent  of  acid,  which 
is  rather  better  than  one  would  expect  from  crystals  of  a 
higher  acid  salt  which  had  been  altered  on  the  surface  during 
the  process  of  washing. 

In  conclusion,  we  wish  to  emphasize  a  statement  in  a  pre- 
vious paper^  that  our  results  and  those  of  others'"  point 
to  the  conclusion  that  the  separation  of  Glauber's  salt  is 
the  better  the  lower  the  temperature.  The  lower  tempera- 
ture limit  is  the  cryohydric  temperature  for  the  particular 
niter  cake  in  question.  This  fact  has  been  used  to  advantage 
in  several  patented  processes.  E.  Hart"  obtains  granular 
sodium  sulfate  by  dissolving  niter  cake  in  water  and  cooling 
the  solution  to  —40°.  H.  M.  Dawson"^  carries  out  the  sepa- 
ration at  —21°.  At  this  temperature  the  residual  so- 
lution is  said  to  contain  only  2 . 8  per  cent  sodium  sulfate. 
From  10  tons  of  a  30  per  cent  acid  niter  cake  he  obtains 
15  tons  of  Glauber's  salt.  If,  however,  the  operation  is 
carried  out  at  0°,  14  tons  of  this  salt  are  obtained,  while  at 
-f- 10°  the  yield  is  only  6.4  tons. 

"Pascal,  Compl.  rend.,  164  (1917),  628;    Bull.   soc.    chim.,  25    (1919), 
35. 

"  U.    S.    Patent  1,258,895  (1918). 


Contributions  to  Chemistry  of  Wood  Cellulose' 


I — Acetolysis  of  Spruce  Pulp 
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The  work  recorded  in  this  paper  is  the  beginning  of  an  inoestiga- 
iion  of  the  chemical  properties  of  wood  cellulose  as  compared  with 
those  of  cotton  cellulose.  This  part  of  the  work  was  done  on  spruce 
sulfite  pulp,  which  yields  appreciable  amounts  of  cellobiose  octace- 
tate  on  acetolysis,  as  does  cotton.  Experimental  evidence  is  pre- 
sented that  normal  cellulose  is  the  precursor  of  cellobiose  octacetate, 
and  normal  spruce  cellulose  yields  the  same  amount  of  the  octacetate 
as  does  normal  cotton  cellulose  under  identical  conditions  of  acetoly- 
sis. The  authors  therefore  consider  that  Hibbert's  formula  may 
represent  the  constitution  of  normal  spruce  cellulose  as  well  as 
that  of  normal  cotton  cellulose,  and  that  their  experiments  present 
additional  eoidence  that  cellulose  from  the  "lignocellulose"  of 
wood  and  cotton  cellulose  may  be  identical. 

NOTWITHSTANDING  the  recent  important  contri- 
butions to  the  ohemistry  of  cotton  ceOulose,^  the 
general  term  "cellulose"  as  appUed  to  woods,  straw, 
etc.,  remains  a  very  vague  one.  The  desirabiUty  of  an  exact 
definition  of  "wood  cellulose"  was  recently  pointed  out  by 
Dore''  who  states  that  the  cellulose  of  woods  "has  been  com- 
monly accepted  as  a  group  designation,  signifying  a  residue 
remaining  after  successive  treatments  with  chlorine  and 
dilute  sodium  sulfite  solution,  until  free  from  lignin  deriva- 
tives." A  very  similar  definition  has  been  assigned  to  wood 
cellulose  by  Schorger.' 
AVhereas  this  type  of  definition  may  act  as  a  convenient 

'  Presented  before  the  Section  of  Cellulose  Clicmistry,  at  the  62nd  Meet- 
ing of  the  American  Chemical  Society,  New  York,  N.  Y.,  September  6  to 
10,  1921. 

'  Professor  of  Forest   Chemistry. 

'  Ilibbert,  This  Journal,  IS  (1921),  334. 

'  This  Journai,,  IS!  (1920),  266. 

^Ibid.,  9  (1917),  607. 


stop-gap,  and  stimulate  certain  types  of  practical  research, 
it  seems  to  us  to  retard  fundamental  progress  in  the  cellulose 
field.  It  is  further  open  to  the  following  very  serious  objec- 
tions: 

1 — It  defines  as  cellulose  a  mixture  of  varying  compo.sitioni  isolated  by  a 
convenient  but  arbitrary  analytical  procedure. 

2 — It  is  not  based  on  any  comparison  of  the  chemical  properties  of  the 
substance  in  question  with  those  of  a  standard  cotton  cellulose. 

3 — It  makes  for  confusion  in  the  general  usage  of  the  term  "cellulose." 

Schorger*  has  sho^vn  in  his  vety  important  series  of  analyses 
of  some  American  woods,  that  there  are  wide  variations  in 
l)ento.?an  content  in  the  so-called  "wood  cellulose."  It  is 
quite  evident  that  if  the  above  definition  of  the  cellulose  of 
woods  is  accepted,  we  face  the  unpleasant  possibOity  of  a 
different  cellulose  for  every  species  of  wood,  and  that  even 
in  the  same  species  of  wood  the  composition  of  the  cellulose 
(always  accepting  the  above  definition)  may  depend  on  the 
period  of  growth,  on  slight  modifications  in  the  methods  of 
isolation  used,  and  even  on  the  skill  and  experience  of  the 
analyst.  When  factors  of  this  type  enter  into  consideration, 
a  definition  becomes  of  verj'  questionable  scientific  value. 

It  might  be  urged  that  wood  cellulose  would  be  better  de- 
fined as  a  residue  obtained  by  some  such  iirocedure  as  the 
one  mentioned  by  Dore — with  a  correction  applied  for  the 
pentosan  and  methyl  pentosan  content  of  such  a  residue.  In 
fact  this  apjicars  to  be  the  commonly  accepted  European 
liractioe.  Such  a  procedure,  however,  furnishes  no  experi- 
mental data  that  would  throw  light  on  the  similarity  or  dissim- 
ilaritj'  between  the  chemical  constitution  of  wood  cellulose 
and  cotton  cellulose.  Without  such  experimental  evidence 
it  would  be  quite  futile  to  attempt  a  redefinition  of  "wood 
cellulose." 
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The  preliminary  report  of  Herzog  and  Jancke^  has  a  very 
important  bearing  on  this  subject.  These  investigators 
appUed  the  Debye  and  Scherrer  Rontgen  spectrographic 
method  to  a  study  of  purified  cotton,  wood  cellulose,  and 
ramie  fiber.  In  all  cases,  the  celluloses  showed  interference 
bands  corresponding  to  a  rhombic  system  of  crystals,  and  the 
same  axial  ratio  was  noted  in  all  cases. 

The  work  of  Heuser  and  Boedeker'  is  in  substantial  agree- 
ment with  the  hypothesis  that  normal  wood  and  normal 
cotton  cellulose  are  chemically  identical.  Wood  cellulose, 
which  had  been  purified  by  means  of  17  per  cent  sodium 
hydroxide,  was  hydrolyzed  with  fuming  hydrochloric  acid 
by  WiUstatter  and  Zechmeister's*  method.  A  control  ex- 
periment was  carried  out  with  cotton  cellulose.  In  both 
cases,  the  rate  of  hydrolysis  to  glucose  was  very  nearly  the 
same,  and  the  maximum  yield  of  glucose  was  reached  16.5 
hrs.  after  peptization  of  the  cellulose. 

The  object  of  our  investigation  was  to  obtain,  if  possible, 
further  data  that  would  indicate  similarity  or  dissimilarity 
of  the  constitution  of  cotton  and  wood  cellulose.  Many 
recent  fundamental  investigations  on  cellulose  serve  to  em- 
phasize the  importance  of  the  acetolysis  reaction  when  appHed 
to  cotton  cellulose.  The  formation  of  cellobiose  octacetate, 
while  far  from  quantitative,  has  apparently  a  diagnostic 
value  in  indicating  the  presence  of  cellulose.  As  far  as  we 
know,  cellobiose  has  not  been  obtained  by  the  hydrolysis  or 
acetolysis  of  polysaccharides  other  than  cellulose.'  Ost'" 
has  shown  that,  under  conditions  of  protracted  acetol3''sis, 
cotton  yields  up  to  37  per  cent  of  cellobiose  octacetate. 
Madsen"  showed  that  30  to  32  per  cent  of  the  ceOobiose 
octacetate  could  be  obtained  in  a  short  time  period.  This 
yield  could  be  iacreased  up  to  43  per  cent  of  the  theoretical 
yield  by  the  saponification  and  subsequent  re-acetolysis  of 
the  so-caUed  dextrin  acetates  formed  in  the  reaction.  The 
recent  investigations  of  Freudenberg'^  indicate  that  at  least 
61  per  cent  of  the  cotton  cellulose  molecule  is  composed  of 
cellobiose  residues. 

Although  the  cellobiose  octacetate  reaction,  as  appUed  to 
cotton,  has  been  rather  carefully  studied,  and  has  been 
apphed  to  filter  paper  of  uncertain  history,  it  has  hitherto 
apparently  never  been  apphed  to  a  cellulose  isolated  from 
wood  in  a  comparative  study.  We  have,  therefore,  used 
this  reaction  in  our  preMminary  study  of  wood  cellulose  and 
have  appUed  it  primarily  to  spruce  sulfite  pulp,  as  the  first 
step  in  an  investigation  of  the  chemical  properties  of  wood 
cellulose  as  compared  with  those  of  cotton.  Our  experi- 
ments are  being  continued  with  cellulose  isolated  from  other 
coniferous  woods  and  from  certain  hardwoods. 

Experimental  Part 

The  method  of  acetolysis  used  in  our  work  was  essentially 
that  of  Klein"  as  modified  by  Madsen."  The  material  used 
was  spruce  sulfite  pulp  taken  from  a  shipment  sent  to  us 
through  the  courtesy  of  the  Riordon  Company,  Ltd.  Com- 
parative experiments  were  made  with  surgical  cotton,  snipped 
into  short  threads.  The  pulp  was  shredded  on  a  grater  and 
screened  through  a  20-mesh  sieve.  Only  those  particles 
passing  the  sieve  were  used.  The  moisture  content  of  the 
air-dried  cotton  was  5.3  per  cent ;  that  of  the  pulp  7.2  per  cent. 

In  the  acetolysis  reactions,  5  g.  of  air-dried  sample  were 
very  gradually  incorporated  into  a  cold  mixture  of  20  g.  of 

«  Ber.,  63  (1920),  2162;   through  C.  A.,  16  (1921),  1311. 
'  Z.  angew.  Chem.  (Aufsatzteil).  34  (1921),  461. 
'Ber..  46  (1913),  2401. 

9  The  "tunicin"  of  the  tests  of  the  ascidians  (marine  animals)  yields 
cellobiose  and  is  commonly  accepted  as  being  cellulose. 

10  ylBK.,  398  (1913),  337. 

11  Dissertation,  Hannover,  1917,  16. 
"  Ber.,  64  (1921),  767. 

IS  Z.  angew.  Chem..  24  (1911),  1127. 


redistilled  acetic  anhydride  (b.  p.  135°  to  137°  C.)  and  5  g. 
of  concentrated  sulfuric  acid,  the  mixture  ha\'ing  been  ini- 
tially prepared  at  a  temperature  well  below  10°.  The  eleva- 
tion of  temperature  owing  to  the  addition  of  the  cellulose  was 
also  carefully  controlled.  The  maximum  temperature  re- 
corded in  any  of  our  experiments  was  55°,  but  in  this  case 
the  reaction  mixture  was  immediately  cooled  to  below  30°. 
In  other  cases,  the  highest  temperature  was  40°  to  50°  C, 
and  here  again  cooUng  was  resorted  to.  After  Hquefaction 
of  the  reaction  mi.xture  had  set  in,  the  solution  was  allowed 
to  stand  at  25°  to  27°  C.  for  6  to  7  days.  CrystaUization 
normally  began  after  3  days,  and  at  the  end  of  the  6-day  pe- 
riod, both  the  cotton  and  the  spruce  pulp  had  been  converted 
into  a  stiff  crystaUine  paste.  The  latter  was  treated  with 
30  cc.  of  glacial  acetic  acid,  warmed  to  50°,  and  immediately 
poured  into  700  cc.  of  ice  water.  The  white  flocculent  pre- 
cipitate thus  obtained,  after  standing  for  0.5  hr.,  was  filtered 
off  on  a  Biichner  funnel,  washed  with  water  until  free  from 
sulfates,  and  dried  at  90°  to  100°.  It  was  then  extracted 
with  chloroform,  the  exi.ract  evaporated,  and  the  residue 
dissolved  in  the  minimum  amount  of  boiling  95  per  cent 
alcohol.  The  alcoholic  solution  in  the  case  of  the  product 
derived  from  cotton  was  always  clear.  That  derived  from 
spruce,  however,  invariably  yielded  an  opalescent  solution  at 
this  point.  In  either  case  the  alcoholic  solution  was  treated 
■with  a  small  amount  of  boneblack,  and  the  solution  filtered 
through  a  hot  water  funnel  (with  water  heated  to  about  S0°). 

Table  I — Analytical  Data  on  Materials  Used  (Dry  basis) 

Per  cent  Cotton  Spruce  Pulp 

"Total  cellulose"  after  single 

chlorination 98.1  •  96.2 

"Total    cellulose'*    after   four 

chlorinations 96.9  94.7 

"Normal  cfellulose"  after  treat- 
ment of  original  sample  with 
NaOH  (17.5%) 97.2  80.8 

"Normal  cellulose"  after  one 

chlorination 91.8  76.2 

"Normal  cellulose"  after  four 

chlorinations 83 . 5  68 . 7 

The  filtrates  were  allowed  to  crystalUze  in  an  ice  bath.  The 
crystals,  which  appeared  homogeneous  under  the  microscope, 
were  filtered  off,  and  the  filtrates  evaporated  to  50  to  75  cc. 
Small  amounts  of  crystalline  material  could  usually  be  re- 
covered under  these  conditions.  Further  evaporation,  how- 
ever, caused  the  separation  of  a  taffy-Uke  resinous  substance — 
no  doubt  the  acetylated  dextrins  studied  by  Madsen.  Melt- 
ing-point determinations  indicated  that  the  crystaUine 
product  obtained  from  spruce  was  identical  with  that  ob- 
tained from  cotton.  Both  melted  at  225.5°  (uncorr.).  In 
a  preliminary  experiment,  cellobiose  octacetate  was  prepared 
from  filter  paper  by  the  method  outlined  by  Haworth  and 
Hirst.'*  In  this  case  the  substance  also  melted  at  225.5° 
(uncorr.),  and  the  melting  point  of  this  material  mixed  with 
that  prepared  from  spruce  pulp  showed  no  depression. 
Madsen  gives  the  melting  point  of  ceUobiose  octacetate  as 
22S°  (corr.) .  The  product  obtained  from  spruce  is  thus  shown 
to  be  ceUobiose  octacetate. 

In  several  of  our  experiments,  the  yields  of  cellobiose 
octacetate  from  cotton  and  from  spruce  pulp  were  determined 
as  carefuUy  as  possible.  Madsen's"  highest  yields  of  ceUo- 
biose octacetate  were  5.8  to  6.2  g.  from  10.0  g.  of  air-dried 
cotton.  In  our  case  the  yield  was  2.94  g.  of  the  octacetate 
from  5  g.  of  air-dried  cotton.  In  aU  cases,  the  yields  of  the 
octacetate  from  air-dried  spruce  pulp  were  appreciably  lower 
than  those  from  the  same  weight  of  air-dried  cotton.  These 
differences  can  best  be  discussed  by  reference  to  Table  I, 

1'  J.  Chem.  Soc.  119  (1921),  197. 

IS  We  refer  to  Madsen's  highest  yields,  excluding  those  experiments  in 
which  further  treatment  was  applied  to  the  "dextrin  acetates"  formed  in  the 
reaction. 


April,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


287 


which  gives  some  analytical  data  on  the  materials  used,  and 
to  Table  II,  which  gives  yields  of  cellobiose  octacetate. 

Table  II — Comparison  oh  Yields  op  Cellobiose  Octacetate  Obtained 
PROM  Cotton  and  from  Spruce  Pulp 


Cotton 

Spruce  Pulp 

Anhydrous    material    used    in 

acetolysi?.  grams 

4.74 

4  64 

''Normal  cellulose"  after  treat- 

ment of  original  sample  with 

17.5%  NaOH,  grams 

4.60 

3.74 

Cellobiose       octacetate       ob- 

tained, grams 

2.942 

2.149 

Percentage  of  theoretical  yield 

of      octacetate      calculated 

from   normal  cellulose  con- 

tent  

30.5 

27.4 

In  the  case  of  cotton  the  so-called  "total  cellulose"  was 
determined  by  Sieber  and  Walters'  method'^  (as  outlined  by 
Dore*).  This  involved  four  chlorinations  and  the  results 
were  somewhat,  but  not  appreciably,  lower  than  the  amounts 
of  "total  cellulose"  that  could  be  obtained  when  only  one 
chlorination  (followed  by  the  usual  sodium  sulfite  treatment) 
was  used.  It  is  interesting  to  note,  however,  that  the  suc- 
cessive chlorinations  seriously  affect  the  amount  of  so-called 
normal  (or  a-)  cellulose  in  the  cotton  (when  determined  by 
the  Cross  and  Bevan  mercerization  test).  The  normal 
cellulose  content  is  appreciably  lowered  by  repeated  chlorina- 
tion— which  might  reasonably  be  expected  in  the  case  of 
a  gradual  oxidation  of  cellulose  with  the  formation  of  aUcaU- 
soluble  products.  A  very  similar  picture  is  presented  in  the 
case  of  the  spruce  pulp.  The  differences  between  the  "total 
cellulose"  in  the  case  of  cotton  and  spruce  pulp  are  not  very 
great  (approximately  2  per  cent).  On  the  other  hand, 
whereas  very  Uttle  of  the  original  cotton  is  soluble  in  alkali, 
the  original  spruce  pulp  loses  nearly  20  per  cent  when  treated 
with  17.5  per  cent  NaOH,  as  shown  in  Row  3  of  Table  I. 

It  is  evident  that  the  "total  cellulose"  determination,  while 
it  gives  a  good  index  of  the  amount  of  cellulose  that  was 
present  in  the  original  sample  (provided  always  this  sample 
had  not  been  subjected  to  oxidation  prior  to  the  analysis), 
does  not  necessarily  indicate  the  actual  amount  of  cellulose 
at  the  end  of  such  an  analysis.  It  certainly  does  not  give  a 
true  index  of  the  cellulose  content  of  material,  the  previous 
history  of  which  would  indicate  that  it  had  been  subjected  to 
vigorous  oxidation.  These  facts  have  been  considered  in 
calculating  the  percentage  yield  of  cellobiose  octacetate. 
Theoretically  1  g.  of  "pure"  cellulose  would  yield  (if  complete 
conversion  could  take  place)  2.09  g.  of  cellobiose  octacetate. 
It  would  be  obviously  incorrect  to  assume  that  the  original 
pulp  and  cotton  were  "pure"  cellulose,  and  it  would  be  un- 
justifiable to  base  our  yield  on  the  "total  cellulose"  deter- 
minations on  the  two  samples.  The  so-called  total  cellulose 
would  contain  some  material  in  which  (assuming  Hibbert's 
formula)  the  alcohohc  hydroxyl  groups  had  been  oxidized, 
and  such  material  would  not  yield  cellobiose  octacetate  on 
acetolysis.  Since  the  object  of  our  experiments  was  that  of 
a  comparative  study,  it  appeared  best  to  have  our  yields 
based  on  the  "normal"  cellulose  content  of  both  the  cotton 
and  the  spruce  pulp.  In  formulating  a  working  hypothesis 
we  considered  as  normal  cellulose  that  residue  which  re- 
mained after  treatment  with  17.5  per  cent  alkali  without 
previous  chlorination  or  sulfite  digestion.  Although  tliis 
might  appear  to  be  an  arbitrary  assumption,  it  is  more  logical 
than  one  which  takes  as  normal  cellulose  a  residue  obtained 
after  one  or  more  successive  chlorinations.  The  assumption 
appeared  justified,  since  the  original  cotton  sample  after 
chlorination  gave  no  coloration  with  sodium  sulfite,  and  since 
the  coloration  in  the  case  of  spruce  pulp  was  very  slight. 
This  would  indicate  the  presence  of  only  small  amounts  of 
lignin.     Assuming  that  the  normal   cellulose  was  in    each 

"  PapUr-Fabr.,  11  (1913),  1179. 


case  the  precursor  of  cellobiose  octacetate,  it  appears  from 
Table  II  that  the  yields  of  octacetate  from  normal  spruce 
cellulose  and  from  normal  cotton  cellulose  are  not  so  very 
different. 

EXPERIMENTS  ON  NORMAL  CELLULOSE — A  series  of  experi- 
ments were  then  undertaken  with  a  view  toward  testing  our 
working  hypothesis.  "Normal  cellulose"  from  cotton  and 
spruce  pulp  was  actually  prepared  and  acetolyzed.  Snipped 
surgical  cotton  and  grated  spruce  pulp  were  treated  with  a 
17.5  per  cent  solution  of  sodium  hydroxide,  allowed  to  stand 
0.5  hr.,  and  subsequently  washed  with  successive  portions  of 
water  and  dilute  acetic  acid,  and  finally  washed  until  the 
rinsings  were  no  longer  acid.  Each  sample  was  then  allowed 
to  dry  in  air.  The  moisture  content  of  the  normal  cotton 
cellulose  thus  obtained  was  7.5  per  cent;  that  of  the  normal 
wood  cellulose  was  7.8  per  cent.  The  normal  cotton  cellulose 
contained  1.18  per  cent  pentosans;  the  normal  spruce  cellulose 
contained  1.25  per  cent  pentosans. 

Five-gram  portions  of  the  normal  cellulose  (from  cotton  or 
wood)  were  acetolyzed  by  the  method  already  outUned,  with 
but  few  modifications.  In  one  set  of  experiments  (  A,  Table 
III)  the  acetolysis  mixtures  were  heated  for  2  hrs.  at  40° 
to  50°,  and  were  allowed  to  stand  8  days  at  15°  to  20°.  The 
other  acetolysis  mixtures  (B,  Table  III)  were  similarly  heated, 
but  were  allowed  to  stand  at  room  temperature  for  17  days. 

Table  III — Yields  op  Cellobiose  Octacetate  from  Normal  Cotton 
AND  Normal  Spruce  Cellulose.  Corrected  for  Pentosan  Content 
Normal  Cotton  Normal     Spruce 

Cellulose  Cellulose 

Set  A  Set  B  Set  A  Set  B 

Anhydrous  normal  cellulose 
(corrected  for  pentosan  con- 
tent), grams 4.571  4.571  4.552  4.552 

Cellobiose     octacetate     yield, 

grams 2.6976         2.7340  2.6634  2.7290 

Cellobiose  octacetate  based  on 
the  theoretical  yield,  per 
cent 28.2  28.6  28. 0  28.7 

Melting  points  of  samples  of 
cellobiose  octacetate  iso- 
lated   (uncorr.) 226°  226°  227.5°         227° 

The  crude  octacetate  was  crystallized  from  95  per  cent  ethyl 
alcohol,  without  preliminary  extraction  with  chloroform. 
The  yields  given  in  Table  III  refer  to  the  crystalline  product 
thus  obtained.  Emphasis  should  be  placed  on  the  fact  that 
very  nearly  identical  conditions  were  maintained  in  each  set 
of  acetolysis  experiments.  While  the  maximum  yield  of  cello- 
biose octacetate  was  never  reached,  the  results  in  each  set 
are  strictly  comparable. 

It  is  evident  from  these  experiments  that    the  grouping 


CHpOH 

I 

CH    -   CH    -   0    -    CK 

CHOH-CH(m:.CH — 


CHOH-CHOH 

CII 

CK-C-- 
Clio  OH 


occurs  not  only  in  cotton  but  also  in  the  cellulose  of  spruce 
wood,  and  there  is  every  evidence  that  the  amounts  of  cello- 
I)iosc  that  may  be  obtained  by  using  a  definite  procedure  in 
the  acetolysis  of  either  normal  cotton  or  normal  spruce  cellu- 
lose are  very  nearly  the  same.  It  is,  therefore,  highly  prob- 
able that  Hibbert's  formula'  for  cellulose  applies  equally 
as  well  to  the  normal  cellulose  obtained  from  spruce  wood 
as  it  does  to  cotton  cellulose. 
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Iodine  and  Bromine  Values  of  Petroleum  Products' 


By  E.  M.  Johansen- 
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In  view  of  the  results  of  the  work,  described  in  this  paper  il  may 
be  concluded  that  iodine  values  obtained  with  Hanus.  IViJs,  or 
Hubl  solutions  are  not  indicative  of  the  comparative  unsaturation 
of  petroleum  products,  because  they  represent  not  only  the  halogen 
which  is  added  to  the  double  bond  but  also  that  which  substitutes 
in  the  hydrocarbons.  This  paper  records  iodine  and  bromine 
values  of  a  number  of  petroleum  products,  as  well  as  the  relative 
quantities  of  halogen  substituted  and  added.  When  two  reactions 
take  place  simultaneously,  low  results  are  obtained.  Changes  in 
bromine  and  iodine  value  which  occur  when  the  ratio  of  sample 
to  halogen  is  changed,  or  when  time  or  temperature  of  reaction 
is  varied,  are  largely  due  to  changes  in  the  substitution  reaction. 

No  fixed  relation  has  been  found  between  bromine  end  iodine 
values  of  petroleum  products.  Although  the  bromine-iodine  solu- 
tion keeps  its  strength  better  and  is  more  convenient  to  handle  than 
the  bromine  solution,  the  latter  is  recommended  for  general  use. 
The  bromine-iodine  solution  often  gives  uncontrollable  reactions 
during  titration  which  produce  misleading  results. 

A  bibliography  of  the  literature  dealing  with  the  iodine  and 
bromine  values  of  petroleum  products  is  appended. 

WHEN  tlie  iodine  or  bromine  absorption  values  of 
petroleum  products  are  determined,  hydrogen 
halide  is  often  liberated  as  the  result  of 
sulistitution  reactions.  Few  investigators  have  taken  this 
phase  of  the  reaction  into  account.  In  the  majoritj'  of  the 
cases,  the  total  amount  of  combined  halogen  has  been  used 
for  the  calculation  of  the  absorption  numbers,  and  these  have 
been  used  as  indications  of  the  relative  "unsaturation" 
of  the  materials  examined. 

The  present  work  was  undertaken  with  a  ^iew  to  ascer- 
taining what  correction  should  be  made  in  the  ordinary- 
iodine  and  bromine  absorption  numbers  to  allow  for  the 
substituted  halogen.  This  involved  the  determination  of 
the  amount  of  hydrogen  haUde  formed  during  the  reactions. 
Since  the  ordinary  Hanus  and  Wijs  solutions  do  not  per- 
mit these  determinations,  a  carbon  tetrachloride  solution 
was  used.  This  contained  the  same  amounts  of  halogens 
as  the  Hanus  solution,  i.  e.,  13.2  g.  of  resublimed  iodine 
and  an  equivalent  amount  of  bromine,  in  1000  cc.  of  solu- 
tion. It  was  found  that  the  halogens  in  the  solution 
must  be  strictly  equivalent,  if  good  checks  were  to  be 
obtained.  The  solution  was  very  permanent,  if  kept  in 
bottles  of  dark  glass.  The  bromine  solution  used  in  the  in- 
vestigations was  a  0.2  A''  solution  of  bromine  in  carbon 
tetrachloride.  It  was  somewhat  likely  to  lose  strength 
by  evaporation  of  bromine,  but  in  these  respects  it  was 
better  than  the  0.33  N  solution  of  bromine  used  by  several 
investigators. 

Method  of  Determining  Absorption 

Exactly  5  g.  of  the  sample  were  dissolved  in  carbon  tetra- 
cliloride.  The  solution  was  transferred  to  a  50-cc.  flask, 
diluted  to  the  mark  with  carbon  tetrachloride,  and  mixed 
well.  In  the  ease  of  volatile  substances  that  could  not  he 
weighed  without  loss,  the  specific  gravity  was  ascertained 
and  a  volume  corresponding  to  5  g.  was  introduced  into 
carbon  tetrachloride  from  a  buret,  the  tip  of  which  was 
introduced   below   the  surface   of  the   tetrachloride.    Ten 

I  Presented  before  the  Section  of  Petroleum  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 
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cc.  of  the  50  cc.  of  dilute  solution  were  carefully  introduced 
from  a  buret  into  the  reaction  flask,  and  exactly  2.5  cc.  of 
the  halogen  solution  were  added  from  another  buret.  A 
blank  containing  10  cc.  of  carbon  tetrachloride  and  25  cc. 
of  the  halogen  solution  was  prepared  in  another  flaslc,  which 
was  stoppered  immediately  after  the  introduction  of  the 
halogen   solution. 

The  reaction  flasks  were  Erlenmeyer  flasks  of  about  250-cc. 
capacity,  each  provided  with  a  rubber  stopjier  carrjdng  a 
125-cc.  separatory  funnel.  Immediately  after  the  halogen 
solution  had  been  introduced  the  flask  was  closed  bj'  the 
stopper  carrying  the  funnel,  the  stopcock  of  the  latter  was 
closed,  and  the  flask  with  contents  was  placed  in  a  bath, 
kept  at  20°  C,  for  the  required  length  of  time  (0.5  hr.). 
During  this  time,  the  flask  was  protected  against  the  light 
by  a  cover.  Next,  10  cc.  of  potassium  iodide  solution 
(containing  15  g.  KI  in  100  cc.)  and  100  cc.  of  freshly  boiled 
distilled  water,  cooled  to  room  temperature,  were  intro- 
duced into  the  funnel.  The  flask  was  immersed  in  ice  water, 
and  by  careful  opening  of  the  stopcock,  some  of  the  con- 
tents of  the  funnel  was  allowed  to  enter  the  flask  and  ab- 
sorb the  hydrogen  halide  vapors.  ^\Tien  no  more  water 
entered  the  flask,  even  upon  repeated  gentle  shalcing  of  the 
latter,  the  vapors  were  absorbed.  The  stopper  and  funnel 
were  removed  and  the  liquid  remaining  in  the  funnel  was 
run  into  the  flask. 

The  quantity  of  free  halogen  remaining  in  the  flask  after 
the  reaction  was  titrated  in  the  usual  way  with  0.1  N  sodium 
thiosulfate  solution,  with  the  addition  of  a  few  drops  of  a 
freshly  prepared  solution  of  soluble  starch  as  indicator  at 
the  end  of  the  titration.  For  convenience  in  shaking  during 
the  titration,  an  ordinary  ground-glass  stopper  was  sub- 
stituted for  -the  stopper  carrying  the  separatory  funnel. 

The  hydrogen  halide  present  was  determined  according 
to  Mcllhiney's  method  by  titration  with  0.1  A'  sodium 
thiosulfate  solution  after  adding  4  cc.  of  a  solution  of  potas- 
sium iodate,  containing  4  g.  KIO3  in  100  cc.  The  blank  was 
titrated  in  the  same  manner. 

In  the  case  of  the  bromine-iodine  solution,  one  blank 
was  found  sufficient  for  several  tests,  if  the  temperature 
of  the  laboratory  remained  constant.  For  the  bromine 
solution  it  was  necessary  to  run  one  blank  for  each  test. 
The  best  way  to  run  a  blank  on  the  bromine  solution  was  to 
introduce  100  cc.  water,  10  cc.  KI  solution  and  10  cc.  carbon 
tetrachloride  into  the  flask,  add  the  25  cc.  bromine  solution, 
and  immediately  close  the  flask. 

From  the  cUffercnces  between  the  titrations  of  the  blank 
and  those  of  the  reactions  ■\\ere  found: 

A  =  Total  amount  of  halogen  absorbed  (expressed  as  iodine 
or   bromine), 

B  =  Amount  of  halogen  present  as  hydrogen  halide  at  the 
time  of  the  titration.  If  the  latter  amount  was  assumed  to  be 
equal  to  that  combined  by  substitution,  then 

A  — 2B  =  Halogen  combined  by  addition,  and 

B  =  Halogen  combined  by  substitution. 

These  quantities  were  calculated  in  per  cent  of  the  amount 
of  material  examined,  and  the  results  were  recorded  as 
"addition  value"  and  "substitution  value." 

The  use  of  1  g.  of  substance  for  examination  was  found 
satisfactory  in  the  case  of  ortlinary  uncracked  petroleum 
products.  Products  containing  larger  amounts  of  unsat- 
urated substances  were  examined  by  using  0.5  g.  in  10  cc. 
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solution,  while  in  the  case  of  highly  cracked  materials  (pres- 
sure-still gasolines,  etc.),  a  ratio  of  C.125  to  0.250  g.  to  10-cc. 
solution  was  found  necessary.  The  use  of  10  cc.  of  solution 
was  found  important  if  comparable  results  were  desired. 
If  the  volume  of  solvent  was  decreased,  the  results  obtained 
were  somewhat  higher,  while  if  a  greater  volume  of  solvent 
was  used,  lower  results  were  obtained. 

Comparison  with  Hanus  Method 

A  series  of  determinations  of  iodine  absorption  values 
was  made  upon  a  number  of  petroleum  products  and  fatty 
oils,  with  the  object  of  comparing  the  values  found  with 
Hanus  solution  with  those  obtained  when  the  new  solution 
was  used.    The  results  are  given  in  Table  I. 

Table  I — Comparison  of  Iodine  Values  of  Petroleum  Products  and 
Fatty  Oils 


addition;  S  =  substitution;  .A  +  2S  =  total 


Straight  run  lamp  oil  distillate 

Cracked  lamp  oil  distillate 

Uncracked  gas  oil 

Cracked  gas  oil 

White  Rose  lubricating  oil 

180  pale  neutral  oil 

Batching  oil 

Solar  red  oil 

White  medicinal  oil 

Neat's-foot  oil 

Lard  oil 

Lard  oil 

Sperm  oil 

Tallow  oil 

Olive  oil 

Rape  oil 

Sesame  oil 

Soy-bean  oil 

Boiled  linseed  oil 

Whale  oil 


ecu  Solution 


A  +  2S 

9.80 

27.21 

30.00 

34.82 

19.23 

24.17 

22.93 

22.22 

0.43 

.■53.46 

54.80 

54.91 

80.56 

53.35 

82.13 

87.24 

94.79 

127,47 

171.23 

102.56 


Hanus 

Solution 

Total 

9.26 

26,35 

25.71 

30.26 

17.09 

20.48 

19.59 

19.83 

0.37 

59.87 

60.16 

59.86 

80.66 

60.31 

82,33 

88.38 

97.73 

127.99 

175.94 

106.30 


The  total  per  cent  of  halogen  absorbed  by  each  petroleum 
product  from  the  new  solution  was  higher  than  that  ab- 
sorbed from  the  Hanus  solution.  The  results  also  showed 
that  the  total  iodine  absorption  values  found  by  the  Hanus 
or  other  methods  were  unsuitable  as  an  indication  of  the 
comparative  unsaturation  of  petroleum  products. 

The  relations  between  the  iodine  values  of  the  fatty  oils 
as  found  by  the  two  solutions  were  irregular.  The  Hanus 
values  were  generally  shghtly  higher  than  those  obtained 
by  aid  of  the  new  solution. 

Table  II — Duplicate  Determinations  of  Iodine  Values  of  Petroleum 

Products 

(I-gram  samples  used) 

A                     S  A  +  2S 

Cracked  lamp  oil  distillate 8.49  10,38  29,25 

Cracked  lamp  oil  distillate 8,32  10.45  29.22 

Pennsylvania  gas  oil 1,43  13.06  27.55 

Pennsylvania  gas  oil 1.84  12,79  27,42 

Mid-continent  gas  oil  (cracked) 7.31  11.10  29.51 

Mid-continent  gas  oiHcracked) 7.31  11.10  29,51 

Stock  for  paraffin  oils 2.87  10.32  23.51 

Stock  for  paraffin  oils 3.13  10,19  23,51 

Neutral  lubricating  stock 0,73                 9,46  19,65 

Neutral  lubricating  stock 0.78                9,40  19,58 

Filtered  lubricating  oil 0,65  11,88  24.41 

Filtered  lubricating  oil 0.52  11.88  24.28 

120°  m.  p.  paraffin  wax 0.44                0.40  1.24 

120°  m.  p.  paraffin  wax 0.71                0.40  1.51 


Accuracy 

The  degree  of  accuracy  of  the  new  method  was  investi- 
gated. A  number  of  petroleum  products  were  examined 
on  two  different  days  by  two  analysts,  who  had  had  no 
previous  experience  in  the  work.  The  results  recorded  in 
Table  II  indicate  that  a  high  degree  of  accuracy  is  attain- 
able when  using  the  new  method. 

Tests  on  Fractionated  Oils 

Two  samples  of  crude  oils  were  carefuDy  fractionated  by 
distillation,  using  steam  to  prevent  cracking.  The  iodine 
and  bromine  values  of  the  crude  oils  and  the  fractions  were 
determined  on  1-g.  samples.  The  results  are  shown  in 
Table  III. 

It  was  concluded  from  the  results,  that  although  the 
total  per  cent  of  halogen  absorbed  increased  rapidly  with 
increasing  boiling  points  of  the  fractions,  this  increase  was 
mainly  due  to  increase  in  substitution.  The  addition  values 
did  not  change  to  sucli  an  extent.  No  constant  relations 
were  found  between  the  iodine  and  bromine  values  of  the 
same  fraction. 

Tests  on  Typical  Petroleum  Products 

The  values  obtained  with  certain  typical  petroleum 
products  are  tabulated  in  Table  IV. 

Table  IV — Iodine  and  Bromine  Values  of  Typical  Petroleum  Products 


Grams 
Used 


Pentane 

Straight   run  naphtha 

Straight  run  naphtha 
(treated) 

Cracked  naphtha 

Cracked  naphtha 
(treated) 

Straight  run  lamp  oil 
distillate 

Straight  run  lamp  oil 
distillate  (treated).. 

Cracked  lamp  oil  dis- 
tillate        0 

Cracked  lamp  oil  dis- 
tillate (treated) 0 

Straight  run  gas  oil, , . 

Cracked  gas  oil 

Lubg.  stock  (un- 
cracked) ,  , 

Lubg. stock  (uncracked, 
filtered) 

Lubg.  stock  (from  run 
to  coke) 

Lubg,  stock  (from  run 
to  coke,  treated) .  .  , 

26)'^'  cylinder  stock 
(Pa,) 

26  M  cylinder  stock 
(filtered) 

Petrolatum  stock 

Petrolatum  stock  (fil- 
tered, U,  S,  P,) 

Refined  paraffin  wax 
(132°  m,  p,) 

Amorphous  wax  from 
petrolatum  (165°  m, 
p.) , ,•■■ 

White  medicinal  oil,  ,. 

86-88  gasoline 

70  gasoline 

Motor  gasoline 

V,  M.  &  P.  naphtha 
(55°  Be.) 

Varnoline  (51  °  Be.) , , . 


Iodine  Value 

A  S        A-(-2S 

0,37        ,,,  0,37 

0,53       1,58       3,69 


/ — Bromine  Value — . 

S       A  +  2S 
0,06 
1.55 


A 

0,39 
0.65 


0.51 
3.75 


0,47 
14,70 

10,72 
1,32 
0.74 

23,23 


1.14  3.29 

8.16  31.02 

8 .  48  27 .  68 

5.04  11.40 

5.06  10.86 

9.52  42.27 


17,59  10.63  38.85 

2,56       9.62  21.80 

4.59  14.26  33.11 

0.83  12.06  24.95 

0,32  11,48  23.28 

0.85  14.43  29.71 

0,42  13,32  27,06 

2.29  10,99  24,27 

0,21  11,67  23.65 

11.31       7,26  25.83 

1,76  11.31  24,38 

1.10        ...  1.10 


1.32 
0.05 
1.74 
1.20 
5.01 

2,00 
2,63 


7.12 
0.05 
1.74 
1.20 


2.73     n.37 


2.51 
3.36 


7.02 
9.3 


0.64 
9.39 

6.80 

0.69 

0.48 

21.81 

16.42 
2.44 
4.45 

2.09 

1,55 

3,55 

1,39 

1.76 

0,64 
6,93 

2,43 

1.16 


1.38 
0.40 
0.58 
0.83 
3.71 

1.47 
1.49 


1,44       3,52 
4,62     18,63 


5,65 
3,13 
3,00 
7,57 


18,10 
6.95 
6.48 

36.95 


8.57  33.56 

3.93  10.30 

7,22  18,89 

5,83  13,75 

5,78  13.11 

9.48  22.51 

7.17  15.73 

6.43  14.62 

6.56  13.76 

3.10  13.13 

4.40  11.23 

2,25  5,66 


1,50 
1,90 
0,34 
0.05 
1.15 

1.10 
0.85 


4  38 
4,20 
1.26 
0.93 
6,01 

3.67 
3.19 


Table  III — Iodine  and  Bromine  Values  of  Crude  Petroleum  Oils  and  Their  Fractions  (1-gram  samples  used) 


Frac- 
tion 
Crude 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Residue 
Average 


by  Vol- 
ume 

5 
10 
10 
10 
10 
10 
10 


10 
10 
15 


34.3 
31.4 
26.2 


-Pennsylvania    Crude- 

•lodine  Value — ■ — . 
A-f2S 


S 
7.40 
0.60 
0.94 
2.62 
3.73 
4.88 
6.28 
7.80 


17.67 

3.34 

4.47 

8.23 

10.75 

13.01 

15.63 

18.48 

9.68       21,70 

1,88       10,97       23,82 


1.66       12  97 


28.80 


2,56 


6.90 


A 
2,64 
1,04 
1,42 
1.87 
2,16 
2,00 
1.89 
2.21 
2.49 
2.23 
2.47 
2.08 


■Bromine 
S 
2.82 
0.76 
0.80 
1.04 
2.60 
3.17 
4.19 
3.72 


Value . 

A-f2S 
8.28 
2.56 
3.02 
3.95 
7.36 
8.34 
10.27 
9.65 
4.52  11.53 
4.77  11.77 
8.35  15.17 
3.61       


Per  cent 
by  Vol- 


10 
10 
10 
10 
10 
10 
10 


°  Bd. 
36.9 
69.7 
.56.6 
50.1 
43.5 
38.5 
34.6 
30.3 
26.7 


-Somerset  (Ky.)  Crude- 


A 
3.16 
2.76 
3.97 
4,11 


-Iodine    Value 

S         A-)-2S 
9,77 


23 
72 
11 
16 
19 


2,76 
3,38 


1,23 
3,77 
5.08 
7.10 
8.71 
9.94 
10.92 
12.56 


15.94 
9.39 


22.70 
5.22 
11.51 
14.27 
18.43 
21.14 
22.99 
25.00 
27.31 


34,64 


-Bromine  Value . 

A-I-2S 


3.20 
3.17 
3.13 

2!68 
2.91 


S 
4.24 
0.40 
1.16 
1.65 
2.58 
3.35 
4.42 
5,43 
7.33 

ib'.bs 

4.90 


12.13 

.3.25 

5.50 

6.69 

8.50 

9.96 

12.04 

14.03 

17.79 

22.24 


290 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  4 


Tlie  results  confirmed  those  found  with  the  fractions 
of  the  crude  oils;  i.  e.,  no  general  relation  between  the  bro- 
mine and  iodine  values  of  the  oils  could  be  derived.  It 
was  noticed  that  in  many  cases  the  tendency  towards 
formation  of  substitution  compounds  was  greater  in  the 
case  of  the  bromine-iodine  solution. 

It  may  be  possible  that  the  presence  of  iodine  increases 
the  tendency  of  the  bromine  to  form  substitution  com- 
pounds. It  was  noticed  that,  wlien  substances  gave  a  high 
substitution  value  with  the  bromine-iodine  solution,  the 
brownish  color  of  the  latter  changed  during  the  reaction 
to  violet  or  the  color  of  a  solution  of  iodine  in  carbon  tetra- 
chloride. 

A  few  other  substances  were  examined.  The  results  are 
given  in   Table  V. 

Table  V — Iodine  and  Bromine  Values  of  Various  Hydrocarbons  and 
Mineral   Oils 

Grams  ^ Iodine  Value .    ^ — Bromine  Value — . 

Used  A  S        A  +  2S         A  S     A+2S 

Cetene,  impure 0.25         90.45     4.49     99.43     56.25     3.98  64.21 

Cetene,  purified 0.25       104.60     0.19  104.98     66  00     1.12  68.24 

Turpentine 0.125     182.81  23.12  229.05  140.65  55.45251.55 

Xylene 1  0.90     3.11       7.12       0.77  16.89  34.55 

Naphthalene 1  0.22     3.58       7.38       2.67     0.11     2.89 

Texas    lubricating     oil 

(contained  naphthen- 

ic  acids) 1  -2.26  13.23     24.20       0.25     7.63  15.51 

Brownlee      lubricating 

oil  (1.5  g.  KI  in  110 

cc.  solution  added  at 

titration)  0.25     -22.72  74.64  126.56  —1.98  39.92  77.86 

Brownlee       lubricating 

oil  (16.5  g.  KI  in  110 

cc.  solution  added  at 

titration) 0.25     —14.02  70.20  126.38       1.16  38,10  77.36 

California      lubricating 

oil  (contained  naph- 

thenicacids) 1         —1.28  13.33     25.38        

California      lubricating 

oil  (acids  removed)...        1  0.30  12.50     25.30        

Of  these,  the  most  interesting  was  the  Brownlee  lubricating 
oil,  a  material  produced  by  polymerization  of  unsaturated 
substances.  This  was  a  very  good  example  of  an  oU  ha\'ing 
a  "negative  addition  value."  Certain  oUs,  such  as  reduced 
lubricating  stocks,  Texas  and  California  lubricating  oils, 
and  others,  showed  this  pecuharity,  which  generally  ap- 
peared to  be  much  more  pronounced  in  the  ca.se  of  the  iodine 
addition.  A  negative  value  of  bromine  addition  was  found 
only  in  the  case  of  the  Brownlee  lubricating  oU. 

Excess  Acidity 

The  method  of  determining  the  addition  halogen,  ;.  e., 
by  subtracting  double  the  amount  of  the  halogen  found 
as  hydrogen  halide  by  the  second  titration,  from  the  total 
amount  of  combined  halogen,  has  the  disadvantage  that 
iodine  liberated  durmg  this  titration  by  any  other  acid 
present  will  be  counted  as  due  to  hydrogen  haUde  formed 
by  substitution.  The  substitution  value  will  be  found 
too  high,  and  the  addition  value  too  low,  as  the  total  ab- 


sorbed halogen  is  not  affected.  If  the  amount  of  other 
acids  present  is  large  enough,  the  addition  value  may  be- 
come zero,  or  even  negative,  as  in  the  case  of  the  Brownlee 
oil. 

The  sources  of  this  excess  acidity  may  be  organic  acids 
present  in  the  petroleum  product,  or  hydrogen  halide  acids 
resulting  from  the  hydrolysis  of  halogen  compounds  formed 
during  the  reaction.  Such  hydrolysis  may  take  place  upon 
addition  of  the  water  before  the  titration. 

Investigations  have  shown  that  the  organic  acids  present 
in  petroleum  products  are  not  able  to  liberate  iodine  from 
an  aqueous  solution  of  potassium  iodide  and  iodate.  By 
introduction  of  halogen  into  such  acids,  theii-  negative  char- 
acter may  be  so  intensified  that  they  readily  liberate  iodine 
from  the  solution.  Oils  containing  naphthenic  acids  did  not 
hberate  iodine  from  the  solution,  but  gave  negative  iodine 
addition  values.  After  removal  of  the  naphthenic  acids, 
the  iodine  addition  values  became  positive. 


Table   VI- 


-Changes  in  Iodine  and  Bromine  Values  with  Changes  in 
Amount  of  Material  Used 


Oil 
Pressure-still  distillate . 


Tube-cracked  naphtha. 


Cracked  lamp  oil. 


Filtered  lubricating  oil. 


Grams 
Used 

0.75 

0.5 

0.125 

.   0.75 
0.5 
0.25 
0.13 

1 
0.75 
0.5 
0.25 

1 
0.75 
0.5 
0.25 


-Iodine  Value- 


A  S 

20.07  9.25 
21.76  12.93 
22.16  17.17 
20.81  23.81 


. — Bromine  Value — - 


A+2S      A 

38.57  17.04 
47.62  16.94 
56.50  16.08 
68.43  16.28 


S     A-I-2S 

5.61  28.26 
6.09  29.12 
7.38  30.84 
8.70  33.68 


45.37     9.03  63.43     

66.04  12.58  91.20  60.52     8.21  76.94 

109.46  22.01  153.48  70.53  12.21  94.95 

120.32  26.35  173.02  71.87  12.86  97.59 


Paraffin  oil 1 

0.75 

0.5 

0.25 

Uncracked  gas  oil 1 

0.75 

0.5 

0.25 

Pa.  cylinder  stock 1 

0.75 

0.5 

0.25 

"Brownlee"  lubricating 

oil 1 

0.75 

0.5 

0.25 


9 .  20  9 .  24  27 .  6S 

9.34  10.50  30.34 

9.54  12.34  34.22 

9.84  14.39  38.62 

0.91  11.17  23.25 

1.16  12.47  26.10 

1.21  14.54  30.29 

1.36  16.51  34.38 

0.34  10.86  22.06 

0.40  12.97  26.34 

0.52  14.22  28.96 

0.59  16.02  32.63 

2.54  8.11  18.76 

2.63  9.24  21.11 

2.72  10.22  23.16 

2.88  11.66  26.20 

2.70  10.11  22.92 

1.93  11.65  25.23 

0.60  13.43  27.46 

0.30  14.97  30.24 

—2.91  19.13  35.35- 

-6.97  26.46  45.95- 

—  11.66  38.00  64.34- 

-25.76  75.44  125.12- 


7.15 
6.76 
6.64 
6.45 

1.47 
1.23 
1.14 
1.32 

1.41 
1.35 
1.20 
0.94 

2.01 
2.12 
2.08 
2.08 

2.58 
2.42 
2.36 
2.36 


6.87  20.89 
8.32  23.40 
7.44  21.52 
6.92  20.29 


8.11 


11.99 
11.77 
11.94 
13.82 

11.59 
12.47 
13.28 
17.16 

9.11 

10.76 
12.96 
13.44 

11.68 
11.74 
12.28 
13.52 


■1.50  19.44  37.38 
•0.54  25.46  50.38 
•1.65  30.92  60.19 
1.94  39.40  76.86 


It  appeared  very  probable  that  the  presence  of  hydrogen 
halide,  formed  by  hydrolysis  of  halogen  compounds,  was 
the  cause  of  negative  addition  values  in  certain  cases.    In 


Table  VII — Influence  of  Quantity  of  Material  upon  Iodine  Addition  and  Substitution  Values 


Grams 
Olefin  in 
1  Gram 
Mixture 

0.5 

0.4 

0.3 

0.2 

0.1 

0.05 

0 


Olefin — White  Oil  Mix,  1  g. 
— (High   .Addition   Value) 


A 

52.13 
41.04 
30.76 
21.04 
10.82 
5.37 
0.05 


S 
0 

0.31 
0.29 
0.06 
0 
0 
0 


A  +  2S 
52.13 
41.66 
31.34 
21.16 
10.82 
5.37 
0.05 


Grams 
Iodine  Mineral 
Value      Oil  in 

of  1  Gram 
Olefin  Mixture 
104.26       0 


Mineral  Oil — White  Oil  Mix,  1  g. 
-(Substitution  Value) 


104.15 
104.47 
105.60 
107.70 
106.40 


0.6 

0.7 

0.8 

0.9 

0.95 

1 


A 
0.19 
0.21 
0.23 
0.11 
0.12 
0.07 
0.05 


S 
0 

9.22 
9.90 
10.31 
11.57 
11.82 
12.31 


A-I-2S 
0.19 
18.65 
20.03 
20.73 
23.26 
23.71 
24.67 


Grams    Grams 
Iodine     Olefin    Mineral 
Value  of      in  1       Oil  in 
Mineral    Gram     1  Gram 
Oil       Mixture    Mix. 


Olefin — Mineral  Oil  Mix,  1  g. 
-(Addition  and  Substitution  Values)- 


31.08 
28.61 
25.91 
25.84 
24.96 
24.67 


0.4 
0.3 
0.2 
0.1 
0.05 


0.6 
0.7 
0.8 
0.9 
0.95 


Iodine  Value  Found 
A.  S  A-1-2S 


40.46 

30.52 

19.80 

9.74 

4.07 


3.96 
5.68 
7.81 
9.92 
11.27 


48.38 
41.88 
35.42 
29.58 
26.61 


Iodine  Value  Calculated 


A 

41. '25 
30.99 
21.15 
10.94 
5.44 


9.53 
10.19 
10.37 
11.57 
11.82 


A+2S 

66.'31 
51.37 
41.89 
34.08 
29.08 


Table  VIII — Influence  of  Time  upon  Iodine  Values 


A 

Gas  oil 5.37 

Paraffin  oil ,-     0.30 

Neutral  lubricating  distillate 2.25 

Filtered  lubricating  oil 0 .  86 

Pressure-still  distillate 19 .  40 

Cetene,  purified 104  ,  25 


-0.5  Hr.- 

S 

11.93 

10.45 

8.35 

11.10 

9.81 

0 


A -I- 28 
29.23 
21.20 
18.95 
23.06 
39.02 

104.25 


A 
5.40 
0.34 
2.51 
0.98 
19.03 
104.56 


-1  Hr.- 

S 
12.25 
11.27 
8.80 
11.65 
10.11 
0.08 


A-H2S 
29.90 
22.88 
20.11 
24.28 
39.25 

104.72 


A 
5.48 
0.41 
2.66 
1.09 
18.61 
104.31 


-2  Hrs.- 
S 
12.94 
12.13 
9.19 
12.14 
10.45 
0.16 


A-f  28 
31.36 
24.67 
21.04 
25.37 
39.51 

104.63 


A 
5.56 
0.49 
3.37 
1.16 
18.09 


-4  Hrs.- 
8 
13.34 
12.73 
9.70 
12.81 
10.90 


A  +  28 

32.24 

25.95 

22.77 

26.78 

39.89 
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Table  IX — Influence  of  Time  upon  Iodine  and  Bromine  Values 


Time  at 

20°  C. 

Hrs. 

0.25 

0.5 

1 

2 

4 

16 


Olefins — White  Oil  Mix 


A 

19.91 
19.94 
19.96 
20.18 
20.22 
20.29 


-Iodine  Value- 


S 
0.44 
0.44 
0.5.T 
0.49 
0.61 
1.02 


-(Addition  Value)- 


A+2S 
20.79 
20.82 
21.06 
21.16 
21.44 
22.33 


A 
13.07 
12.91 
13.13 
13.37 
13.65 
13.43 


-Bromine  Value- 

S 
0.14 
0.25 
0.37 
0.49 
0.59 
0.73 


A  +  2S 
13.35 
13.41 
13.87 
14.35 
14.83 
14.89 


A 
0.61 
0.74 
0.38 
1.06 
1.78 
0.53 


-Iodine  Value- 
S 
10.40 
11.26 
11.40 
12.45 
13.28 
13.75 


Mineral  Oil 
-(Substitution  Value)- 


A  +  2S 
21.41 
23.26 
23.18 
25.96 
28.34 
28.03 


A 
1.09 
0.98 
0.84 
0.75 
0.44 
1.05 


-Bromine  Value 

S 


A  +  2S 
10.31 
11.36 
11.82 
13.17 
13.78 
17.13 


Table  X — Influence  of  Temperature  upon  Iodine  and  Bromine  Values 


Temp. 

"  C. 

15 

20 

25 


Olefin — White  Oil  Mix 
-(Addition  Value)- 


A 
20.09 
20.00 
20.14 


-Iodine  Value 

S  A  +  2S 

0.45  20.99 

0.41  20.82 

0.44  21.02 


-Bromine  Value ^ 

A  S  A  +  2S 

12.79         0.19  13.17 

12.95  0.25  13.45 

12.96  0.36         13.68 


Mineral  Oil 
-(Substitution  Value)- 


A 
0.78 
1.04 
0.64 


-Iodine  Value— 

S  A-I-2S 

11.00  22.78 
11.18  23.40 
11.17         22.98 


Bromine  Value 

A  S  A-I-2S 

0.57         4.90         10.37 
0.97         5.02  11.01 

1.26         5.25  11.76 


this  case,  decrease  in  the  amount  of  water  added  before  the 
titrations,  or  a  substitution  of  concentrated  potassium 
iodide  solution  for  the  water,  should  lower  the  ratio  of  hy- 
drolysis of  the  compounds,  and  the  amount  of  acid  formed. 
This  was  found  by  experiments  to  be  the  case,  the  negative 
values  disappearing  to  some  extent. 

The  occurrence  of  negative  iodine  values  is  the  great 
drawback  to  the  use  of  the  bromine-iodine  solution  for 
the  examination  of  petroleum  products.  It  is  impossible 
to  know  without  doubt  when  a  reaction  of  this  character 
takes  place,  with  a  too  low  addition  value  as  a  consequence. 
It  has,  however,  been  noticed  that  when  hydrolysis  takes 
place,  the  end-point  of  the  second  titration  is  not  sharp, 
but  that  the  blue  color  of  the  solution  returns  persistently 
after  every  addition  of  sodium  thiosulfate  solution. 

Size  of  Sample 

It  is  well  known  that,  if  the  relation  between  the  amount 
of  material  examined  and  the  quantity  of  halogen  present 
is  changed,  the  halogen  absorption  found  will  vary.  Gen- 
erally, the  lower  the  ratio  of  material  to  halogen,  the  higher 
the  absorption  value.  'A  number  of  petroleum  products 
were  examined,  by  taking  25  cc.  of  bromine  solution  or 
the  same  volume  of  the  bromine-iodine  solution,  and  vary- 
ing quantities  of  the  substances,  dissolved  in  carbon  tetra- 
chloride and  diluted  to  10  cc.  The  results  showed  that  the 
increases  in  the  absorption  were  caused  mainly  by  increased 
substitution  reactions.  The  addition  values  were  relatively 
little  changed.  The  bromine  values  in  general  showed 
less  differences  than  the  iodine  values.  The  results  can  be 
found  in  Table  VI. 

For  further  study  of  this  subject,  a  mineral  oil  was  produced 
which  had  a  very  low  addition  v.ilue  with  a  fairly  high 
substitution  value.  Also,  an  olefin  was  prepared  with  a 
very  low  substitution  value  and  a  high  addition  value. 
Mixtures  of  definite  proportion  of  these  oils  with  an  oil 
having  a  very  low  total  iodine  value  (white  medicinal  oil) 
were  prepared,  as  well  as  mixtures  of  the  two  oils  in  varying 
proportions.  The  iodine  values  of  these  mixtures  were 
determined  on  1-g.  samples  (Table  VII). 

The  iodine  value  of  the  olefin  varied  relatively  little,  even 
if  the  quantity  of  material  used  for  the  determination  was 
varied  from  0.05  to  0.5  g.  The  iodine  absorption  of  the 
mineral  oO,  which  was  mainly  due  to  substitution  reaction, 
varied  much  more  within  a  narrower  limit  of  amount  used. 
In  the  mixtures  of  the  two  oils,  the  mutual  influence  of  the 
iodine  addition  and  substitution  could  be  noticed. 

Effect  of  Time 

Bromine  and  bromine-iodine  solutions  were  allowed  to 
act  ui)on  petroleum  iiroducts  for  varying  lengths  of  time, 
and  the  amounts  of  halogtin  absorbed  were  det<'niiine(l. 
The  same  determination  was  repeated  npdii  a  niixtuic  of 


an  olefin  and  white  medicinal  oil,  as  well  as  a  mineral  oil 
of  low  addition  value  and  relatively  high  substitution  value. 
The  results,  from  which  it  appeared  that  the  substitution 
value  was  more  changed  than  the  addition  value  by  length- 
ening the  time  of  reaction,  are  compiled  in  Tables  VIII 
and  IX. 

Effect  of  Temperature 

The  iodine  and  bromine  values  of  the  oils  reported  in 
Table  IX  were  also  determined  after  allowing  the  reactions 
to  take  place  at  temperatures  vaS'ving  =t  5°  C.  from  the  normal 
temperatures  (20°  C.).  The  differences  in  the  values  were 
very  shght  when  the  bromine-iodine  solution  was  used; 
greater  differences  occurred  when  the  bromine  solution 
was  used.    The  results  were  tabulated  in  Table  X. 
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Time  and  Concentration  Factors  in  the  Combination  of 
Tannin  with  Hide  Substance' 

I — Gambier.     II — Quebracho 

By  Arthur  W.  Thomas'  and  Margaret  W.  Kelly 

Department  of  Chemistry,  Coi,umbia  University,  New  York,  N.  Y. 


Despite  the  fact  that  vegetable  tanning  is  the  oldest  tanning  proc- 
ess \nown,  there  are  no  scientific  data  concerning  the  mechanism 
of  the  fixation  of  tannins  by  hide  protein,  or  the  factors  which  greatly 
influence  the  rate  and  degree  of  combination.  The  data  given  in 
this  paper  constitute  a  beginning  in  the  study  of  this  reaction, 
and  while  in  themselves  they  do  not  serve  for  interpretation  of  the 
mysteries  of  the  complex  reactions  involved,  it  is  hoped  that  after 
a  few  years'  experimentation  sufficient  information  will  be  accu- 
mulated to  clarify  the  reactions  and  aid  us  in  a  more  intelligent 
control  of  vegetable  tanning. 

It  can  be  said  that  while  mild  gambier  shows  a  smooth  adsorption 
curve,  astringent  quebracho  acts  in  a  strikingly  different  manner, 
giving  greater  fixation  of  tannin  and  showing  a  sharp  maximum 
followed  by  an  abrupt  decline.  A  very  decided  difference  in  the 
action  of  typically  mild  and  astringent  extracts  is  manifested  and 
the  value  of  further  study  to  establish  the  reasons  therefor  is  quite 
apparent. 

TWO  commonly  used  vegetable  tans,  gambier  and 
quebracho,  were  selected  for  examination:  gambier 
on  account  of  its  mild  action  and  quebracho  on 
account  of  its  very  astringent  nature.  The  fixation  of  the 
tannins  of  these  substances  through  a  range  of  concentra- 
tion up  to  saturated  solutions  and  for  the  intervals  of  6  hrs., 
72  hrs.,  and  2  wks.  has  been  measured. 

General  Method 

Portions  of  hide  powder  equal  to  10  g.  of  the  absolutely 
dry  material  were  placed  in  400-cc.  rubber-stoppered  bottles. 
Six  different  concentrations  of  tan  solution  were  poured 
on  the  hide  powder  specimens  and  the  bottles  rotated  in  a 
tumbUng  machine  for  the  desired  times,  at  the  ends  of  which 
the  contents  were  filtered  through  mushn  bags.  The  fil- 
trates were  saved  for  gelatin-salt  test  and  the  tanned  hide 
powder  was  washed  with  running  water  and  transferred 
back  to  the  bottle,  covered  with  300  cc.  of  water,  tumbled 
for  0.5  hr.,  and  filtered  again.  This  washing  operation 
was  repeated  until  the  filtrate  no  longer  showed  a  dark 
color  upon  addition  of  a  few  drops  of  ferric  chloride  solution. 

When  the  filtrate  showed  no  nontannins  present,  by  means 
of  the  ferric  cliloride  test,  the  washed  tanned  powder  was 
squeezed  out,  dried  on  flat  dishes  in  a  current  of  warm  air, 
and   bottled   to   await   analysis. 

1  Presented  before  the  Division  of  Leather  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 

»  Contribution  No.  384  from  the  Chemical  Laboratories  of  Columbia 
University. 

'  Assistant  Professor. 


The  analysis  consisted  in  the  determination  of  moisture, 
protein  (N  X  5.614),  fat  (matter  extracted  by  chloroform), 
and  ash.  The  sum  of  the  percentages  of  these  constituents 
subtracted  from  100  gave  the  per  cent  of  tannin  according 
to  the  definition  of  Wilson  and  Kern,^  that  tannin  is  that 
portion  of  the  water-soluble  matter  of  certain  vegetable 
materials  which  wll  precipitate  gelatin  from  solution  and 
which  will  form  compounds  with  hide  fiber  which  are  re- 
sistant to  washing.  The  resistance  of  the  protein-tannin 
compound  to  washing  has  been  demonstrated  by  the  same 
authors.' 

Delicacy  of  Ferric  Chloride  Test 

The  writers  considered  all  nontannin  removed  when  25 
cc.  of  the  washings  gave  no  appreciable  change  of  color  upon 
addition  of  3  drops  of  molar  ferric  chloride  solution.  The 
deUcacy  of  this  test  as  applied  to  solutions  of  gallic  acid  and 
pyrogallol  is  shown  below. 

Color 
1  Part  in  Gallic  .Acid 

1,000  Greenish  black 

10,000  Dark  greenish  yellow 

50,000  Greenish  yellow 

75,000  Faint  greenish 

100,000  Yellow,  as  obtained  with  water 
PyrogaUol 

1,000  Dark  brown 

20,000  Brown 

50,000  Slight  brown  tint 

75,000  Slightly  brownish  yellow 

100,000  Very  sUght  deepening  of  yellow  color  of  blank 

It  is  evident  that  this  ferric  chloride  test  is  delicate  to  1  part 
in  75,000.  Consequently  there  was  not  more  than  this 
amount  of  nontannin  present  in  the  last  washings  of  the 
tanned  powders,  if  gaUic  acid  and  pjrogallol  are  considered 
typical  examples  of  nontannins. 

Tests  on  Gambier 

six-hour  .\dsorption — From  a  gambier  paste  containing 
39.2  per  cent  of  total  solids  (as  determined  by  A.  L.  C.  A. 
method),  a  stock  solution  was  prepared  by  dissohing  1000 
g.  in  water  at  85°  C,  cooling,  and  adjusting  approximately 
to  2  liters.  It  was  filtered  through  cheesecloth  to  remove 
coarse  debris.  From  this  stock  solution  the  various  di- 
lutions were  prepared. 

Approximate  Concentration 

Grams  Moist  Gambier  Total  Solids 

Solution  per   Liter  Grams  per  Liter  (Exact) 

1  25  9.8 

2  60  23.5 

3  100  39.2 

4  200  78.4 

5  350  137.2 

6  500  196.0 


«  This  Journal,  12  (1920),  465. 
'■Hid..  12   (1920),   1149. 
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Volumes  of  200  cc.  each  of  the  above  solutions  were  placed 
on  portions  of  1920  hide  powder,  equal  to  10  g.  of  absolutely 
dry  powder  and  rotated  at  room  temperature  for  6  hrs. 


Filtrate  No. 
1 
2 
3 
4 
5 
6 


Gelatin-Salt  Test     No.  of  Washings 
9 


Practically  — 

+ 

+ 


12 
30 
61 
41 
41 


In  the  column  headed  "No.  of  Washings"  are  indicated 
the  number  of  times  the  samples  were  washed  to  get  a  nega- 
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tive  ferric  chloride  test.  Under  the  heading  "Gelatin- 
Salt  Test,"  it  is  seen  that  all  the  tannin  present  in  solutions 
No.  1  and  No.  2  was  removed  by  the  hide  powder. 

The  analytical  data  are  given  in  Table  I  and  plotted  in 
Fig.   1. 

Table  I — Composition  after  6-Hr.  Adsorption 

Sample 1  2  3            4             5  6 

Per  cent  water 14.37  13.86  10.75  15.33  14.25  14.04 

Fat 0.65  0.72  0.57       0.40  0,80  0.67 

Ash 0.16  0.15  0.22       0.30  0.21  0.26 

Protein 83.66  80.30  83.01  79.33  79.76  80.06 

Tannin  (by  did.) 1.16  4.97  5.45       4.64  4.98  4.97 

G.   tannin   per   100  g.  pro- 
tein   1.39  6.19  6.57       5,85  6.24  6.21 

SEVENTY-TWO-HOUR  ADSORPTION — The  filtrates  from  Sam- 
ples 1  and  2  gave  a  negative  gelatin-salt  test,  showing  that 
all  the  tannin  had  been  removed  from  solution  by  the  hide 
protein.  Filtrate  3  gave  a  slightly  positive  test,  while  all 
the  rest  were  strongly  positive.  The  number  of  washings 
required  to  remove  all  nontannins  from  the  hide  powders 
were:  No.  1,  18;  No.  2,  35;  No.  3,  60;  Nos.  4,  5,  and  6, 
66.    Table   II   records  the   analytical   data   obtained. 

Table  II — Composition  after  72-Hr.  Adsorption 

Sample 1  2  3             4  5  6 

Percentwater 9,70  11.16  12,01  10,65  10.48  10.20 

Fat 0.71  0,68  0,47       0,38  0,43  0.30 

Ash 0,22  0,21  0.24       0,29  0,24  0.27 

Protein 87.61  83,17  81.29  81.92  81,97  82.24 

Tannin  (Ijy  diff,) 1.76  4.78  5,99       6,76  6.88  6.99 

G.    tannin    per    100   g.   pro- 
tein   2.01  5,75  7,37       8,25  8,39  8.50 

TWO-WEEK  ADSORPTION — Ncw  Solutions  of  gambler  were 
prepared  as  nearly  as  possible  like  the  first  ilcscribed,  and 
1921  instead  of  1920  hide  powder  was  used. 

The  definition  that  formation  of  leather  is  the  conversion 
of  hide  substance  to  an  insoluble  imputrcscible  substance 
is  illustrated  here.  In  Solutions  3  to  6,  where  an  excess  of 
tannin  is  shown  by  the  gelatin-salt  test,  there  was  no  de- 
composition as  in  the  case  of  1  and  2,  where  there  was  not 


sufficient  tannin  present  to  form  the  insoluble,  imputrescible, 
protein-tannin  chemical  compound. 

Approximate 
Concentration  Total  Solids  Filtrate 

Grams  Moist        Grams  per  Liter  Gelatin-Salt      No.  of 
Solution     Gambler  per  Liter        (Exact)  Test  Washings 

1  25  9.15  -  ,1 

2  60  21.96  -  11! 

3  100  36.6  Slight -t-  43 

4  200  73.2  -1-  53 

5  360  128.1  +  53 

6  500  183.0  -I-  53 
'  Badly  decomposed  and   hence  discarded. 

'  Slight  decomposition. 

Analytical  data  for  this  series  of  experiments  are  recorded 
in  Table  III. 

Table  III — Composition  after  2-Wk.  Adsorption 

Sample '.         2            3             4  5  6 

Percentwater 18.84  16.28  17.16  16.37  16,45 

Fat 0,25  0,15       0.30  0.20  0.18 

Ash 0,24  0.60       0.66  0.53  0.59 

Protein 75.31  76.09  71.93  72.32  69.71 

Tannin  (by  diff.) 5.36  6.88       9.95  10.58  13.07 

G,  tannin  per  100  g.  protein 7.12  9.04  13.83  14,63  18.75 

Tests  on  Quebracho 

SIX-HOUR  ADSORPTION — A  stock  solution  was  prepared 
by  dissolving  150  g.  of  dry  quebracho  extract  at  85°  C, 
cooling,  and  making  up  to  about  1500  cc.  with  distilled 
water.  The  total  solid  content  of  the  dry  extract  was  80.5 
per  cent.  Six  solutions  were  made  as  noted  below,  and 
weights  of  hide  powder  equal  to  10  g.  absolutely  dry  sub- 
stance plus  200  cc.  of  the  solutions  were  placed  in  bottles 
and  rotated,  etc.,  as  previously  described. 

Approximate 

Concentration  Total  Solids  FilTRaTE 

Grams  Quebracho  Grams  per  Liter    Gelatin-Salt         No.  of 
Solution  per  Liter  (Exact)  Test  Washings 

1  6.3  5.07  -  11 

2  17.0  13.7  -  11 

3  35.0  28.1  +  44 

4  50,0  40,2  -I-  44 

5  75,0  60,3  +  44 

6  100,0  80.4  -I-  44 

It  should  be  noted  that  Solutions  1  and  2  were  completely 
detannized.    The  analytical  results  are  listed  in  Table  IV. 

Table  IV — Composition  after  6-Hr.  Adsorption 

Sample 12  3  4  5  6 

Percentwater 15,53     15,78  14,99  15,09  15,54  15.67 

Fat 0.51       0,63  0.39  0.32  0.31  0  26 

Ash 0,22       0.25  0,29  0.24  0,25  0  25 

Protein 80,50     72,88  68,92  70,84  72.86  75.12 

Tannin  (by  diff) 3,24     10,46  15.41  13.51  11.04  9.70 

G.   tannin   per   100  g.   pro- 
tein   4,03     14,35  22,36  19,07  15.15  12,91 

A  notable  difference  in  the  amount  of  tannin  combined 
with  the  collagen  at  different  concentrations  of  liquors 
is  shown  by  this,  and  the  72-hr.  and  2-wk.  adsorptions. 
Inspection  of  Fig.  1  brings  this  out  very  strikingly. 

SEVENTY-TWO-HOUR  ADSORPTION — The  liquors  were  identi- 
cal with  those  used  in  the  6-hr.  experiment. 

Filtrate  Gelatin-Salt  Test  No,  of  Washings 

1  -  18 

2  ig 

3  Slightly  -1-  60 

4  -f  60 

5  +  60 

6  +  60 

Solutions  1  and  2  were  completely  detannized,  whereas 
Solution  3  showed  but  a  trace  of  tannin  loft,  in  contradis- 
tinction to  the  6-lir.  experiment  where  a  definite  excess  of 
tannin  in  the  filtrate  was  noted.  Table  V  contains  the 
analytical  data. 

Table  V — Composition  after  72-Hr.  Adsorption 

Sample 1  2            3  4  5  6 

Percentwater 17,73  16.60  12,52  12,22  12,13  12,63 

Fat 0,47  0,62  0.65  0,.53  0,49  0,46 

Ash 0,22  0,22  0.35  0.25  0.23  0.25 

Protein 78.49  71.53  69.77  68.52  71,58  73,74 

Tannin  (by  diff,) 3.09  11.03  16.71  18.48  15,57  12,92 

('.     tannin   per   100  g.   pro- 
tein   3.94  15.42  23,95  26,97  21,75  17, .52 
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TWO-WEEK  ADSORPTION— The  solutions  of  quebracho 
were  made  up  as  nearly  as  possible  like  those  in  the  6-  and 
72-hr.  experiments.  The  total  solid  contents,  number  of 
washings  of  the  tanned  hide  powders,  etc.,  were  as  follows: 

Approximate 
Concentration   Total  Solids  FtLTRATE 

Grams  Que-      Grams  per        Gelatin-Salt         No.  of 
Solution     bracho  per  Liter       Liter  Test  Washings 

1  6.3  4.fl  -  ..' 

2  17  13.3  -  11 

3  35  27.3  Lost  42 

4  50  39.0  -I-  42 

5  75  58.5  -I-  42 

6  100  78.0  +  42 

1  Decomposed  and  hence  discarded. 

T-\BLE  VI — COMPOSITIO.V  AFTER  2-Wk.  .\dSORPTION 

Sample 2             3  4  5  6 

Percentwater 17.85  15.23  14.68  15.06  15.38 

Fat                         0.23  0.14  0.23  0.24  0.21 

Ash 0.29  0.39  0.36  0.43  0.40 

Protein"               71.03  67.82  64.44  67.52  69.01 

Tannin  (ijy  diff.) 10-60  16  42  20.29  16.75  15.00 

G.  tannin  per  100  g.  protein 14.92  24.21  31.49  24S1  21.74 

The  courses  of  the  curves  obtained  by  plotting  the  grams 
of  tannin  combined  with  hide  substance  against  the  concen- 
tration of  the  tan  liquors  are  sho^\-n  in  Fig.  1. 

CoiMPAHISON  OF  G-\MBIER  AND  QuEBRACHO 

The  action  of  these  two  vegetable  tanning  extracts  is 
striking.  As  would  be  expected  in  an  orthodox  adsorption, 
the  gambler  curves  are  approximately  parabohc,  whOe  the 
sharp  maximum  shown  by  quebracho  at  concentrations  be- 
tween 30  and  40  g.  total  solids  per  liter  is  exceedingly  in- 
teresting. The  wTiters  believe  that  in  neither  case  is  it  a 
question  of  a  simple  physical  adsorption.  It  is  chemical 
combination,  as  pointed  out  in  one  of  our  reports  on  chrome 
tanning.^ 

An  explanation  for  the  great  difference  in  beha\-ior  be- 
tween the  two  extracts  is  not  forthcoming  at  this  time. 
In  the  case  of  chrome  tanning,  e\-idence  for  definite  chemical 
compounds  has  been  offered;  this  is  not  possible  here  on 
account  of  the  very  complex  chemical  nature  of  the  vege- 
table extracts.  The  answer  may  be  reached  by  study  of 
the  action  of  pure  tannin  under  various  concUtions. 

The  mild  action  of  gambler  as  contrasted  with  the  very 
astringent  nature  of  quebracho  is  graphically  sllo\^^l  by  the 
steep  rise  of  the  quebracho  curves  with  the  points  distributed 
on  smooth  curves,  whOe  the  points  on  the  6-hr.  gambler 
curve  arc  rather  ragged. 

The  reactions  of  the  solutions  do  not  seem  to  be  the  cause 
of  the  sharp  breate  and  declines  in  the  quebraclio  curves, 
for  whUe  no  measurements  were  made  of  the  H-ion  concen- 
trations in  the  experiments  here  reported,  a  series  of  values 
obtained  in  preliminary  6-hr.  adsorption  experiments  did 
not  show  an}'  variations  great  enough  to  be  of  any  signifi- 
cance in  the  point  at  issue. 

Gambier 

G.  total  solids  per  liter  3.9         9.8  19.5       39.0  97.5  195.0 

Log  C„  +  before  adsorption      -5.25    -5.16  -5   11  -5. OS  -5.04  -5.00 

LogCn  +  afteT    adsorption        -5.71    -5.43  -5  37  -5.29  -5.12  —5.04 

Quebracho 

G.  total  solids  per  liter  2.5         4.9         9.8  19.5  39.0       78.0 

Log  C„  +  before  adsorption      -5.07   -5.00   -4.97  -4.91  -4.84   -4.79 

Log  Cjj  +  after  adsorption        -5.60   -5.46   -5.35  -5.28  -5.28    -5.04 

The  only  difference  between  the  reactions  of  the  two  sets 
of  solutions  is  a  sUghtly  greater  acidity  in  the  case  of  que- 
bracho, but  since  the  isoelectric  point  of  hide  protein  is  at 
10"*  (unpubUshed  result  obtained  in  this  laboratory),  the 
H-ion  concentrations  of  the  stronger  quebracho  solutions 
would  render  the  hide  more  electropositive  than  the  weaker 
hquors;  hence,  according  to  the  theory  of  Wilson,'  the  nega- 

•  This  Journal,  13  (1921),  31. 

'  J.  Am.  Leather  Chem.  Assoc,  12  (1917).  108;  14  (1919),  450 


tive  tannin  should  combine  with  the  hide  more  readily. 
Further  experiments  with  varying  H-ion  concentrations 
are  necessary  to  settle  this  point. 

Since  quebracho  is  very  astringent,  i.  e.,  of  low  nontannin 
content,  the  abrupt  drop  at  30  to  40  g.  concentration  would 
indicate  that  the  surfaces  of  the  hide  powder  particles  are 
so  heavily  tanned  that  they  are  rendered  impermeable  to 
tannin  and  hence  the  interiors  of  the  particles  are  unaffected, 
thus  accounting  for  the  smaller  amount  of  tannin  fixed 
by  the  hide  iu  the  strong  solutions. 

It  is  well  knottii  that  gambier,  on  the  other  hand,  contains 
a  larger  amount  of  nontannins  than  quebracho.  In  terms 
of  conductivity  measurements  made  in  this  laboratory, 
it  is  much  richer  in  electrolytes.  The  result  Ls  that  the  non- 
tannins, being  of  lower  molecular  weight,  diffuse  more  readily 
into  the  hide  substance  than  does  tannin,  and  undoubtedly 
combine  chemically  with  the  hide  protein,  although  not 
so  firmly  as  tannin.  As  pointed  out  by  ^^'lls()n,*  tannin 
that  would  otherwise  have  combined  with  the  outer  surface 
is  thus  enabled  to  penetrate  into  the  interior,  and  accom- 
plishes combination  with  the  hide  through  displacement 
of  the  nontannin  hide  compound,  since  it  forms  a  protein 
compound  of  much  lower  solubihty.  The  result  is  a  slower 
reaction,  but  one  which  takes  place  uniformly  throughout 
the  hide  substance,  thus  gi^•ing  the  lower  smooth  curve 
for  gambier  as  contrasted  to  the  rapid  rise,  Txith  abrupt  de- 
cline, obtained  with  quebracho. 
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"Baking  Technology" 

In  our  March  editorials  we  sketched  the  part  which  chemistry 
and  research  have  played  in  one  baking  industry.  As  another 
step  along  the  same  line,  we  are  glad  to  note  the  appearance  of 
Baking  Technology,  a  monthly  publication  of  the  American 
Bakers'  Association. 

To  quote  from  the  editorial  page  of  the  first  number: 

As  the  official  journal  of  the  .American  Bakers'  Association,  Baking 
Technology  will  keep  member  bakers  informed  of  the  progress  of  association 
activities.  It  will  tell  the  story  of  scientific  achievements  in  the  laboratories 
of  the  Institute  [of  Baking].  It  will  summarize  the  results  of  work  in  the 
technical  and  service  laboratories,  that  the  data  there  obtained  may  be  avail- 
able for  all.  It  will  serve  as  the  link  between  the  school  and  the  industry, 
outlining  the  courses,  developing  the  contacts  between  bakerS  and  students, 
reporting  results  as  they  promise  to  be  of  value.  It  will  officially  proclaim 
the  standard  set  by  the  Institute  for  flour,  sugars,  shortenings,  and  all  other 
materials  used  in  the  bakery.  It  will  carry  the  official  methods  worked  out 
for  the  testing  of  these  materials. 

An  interesting  feature  of  the  publication  is  a  double  page  of 
short  editorials  and  bread  stories,  written  in  a  form  suitable  for 
use  in  newspaper  columns.  This  has  the  same  purpose  as  the 
clip  sheet  which  the  A.  C.  S.  News  Ser\4ce  issues,  of  giving  the 
public  correct  information  rather  than  the  inaccurate  statements 
which  so  often  appear  in  the  newspapers. 


Atomic  Weights  and  Isotopes 

On  March  6  to  10,  1922,  F.  W.  Aston,  M.A.,  D.Sc,  F.R.S., 
Fellow  of  Trinity  College,  Cambridge,  England,  gave  a  series 
of  five  lectures  before  the  Franklin  Institute,  Philadelphia,  Pa. 
The  subjects  of  the  lectures  were  "The  Atomic  Nature  of  Matter," 
"Discharge  of  Electricity  in  Gases,"  "Positive  Rays  and  Their 
Analysis,"  "The  Mass-spectograph,"  and  "Isotopes  and  the 
Structure  of  the  Atom." 

Dr.  Aston  is  also  to  lecture  before  several  universities  and  other 
organizations  during  his  stay  in  this  country. 
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Preparation  and  Evaluation  of  a  Decolorizing  Char 

from  Bagasse' 


By  C.  E.  Coates^ 

Louisiana  State  University,  Baton  Rouge,  Louisiana 


There  is  need  of  a  more  accurate  method  of  evaluation  of  decolor- 
izing chars.  In  the  present  work,  o  commercial  char  of  high  effi- 
ciency was  selected  empirically  as  a  standard  and  used  in  measuring 
the  relative  efficiency  of  a  series  of  experimental  chars  made  from 
bagasse.  By  comparing  the  filtrates  obtained  from  the  standard 
char  and  the  experimental  chars,  a  more  accurate  comparison 
can  be  made  than  is  possible  between  the  darli  initial  solution  and 
its  decolorized  product.  The  experiments  demonstrate  the  im- 
portance of  uniform  acidity  in  comparing  decolorizing  power. 

Bagasse  char,  heated  without  treatment  to  900°,  had  a  decolorizing 
power  of  66  (standard  =  100),  which  was  increased  to  86  by  boiling 
with  sodium  hydroxide,  and  to  170  by  subsequent  boiling  with 
hydrochloric  acid.  Chars  prepared  by  this  method  had  a  decoloriz- 
ing power  of  from  two  to  two  and  a  half  times  that  of  the  standard 
char.  In  addition  to  removing  organic  coloring  matter,  the  chars 
showed  a  marked  power  of  absorbing  iron  salts.  Yellow  commercial 
hydrochloric  acid,  which  was  used  in  washing  the  char,  came  through 
absolutely  colorless.  This  suggests  a  possible  technical  application 
of  highly  activated  chars  in  the  removal  of  iron  from  commercial 
hydrochloric  acid. 

DURING  the  last  six  years  a  great  deal  of  work  has 
been  done  on  activated  chars,  stimulated  no  doubt 
by  their  very  great  importance  in  gas  warfare.  It 
has  become  evident  that  for  some  reason  there  is  httle  rela- 
tionship between  the  gas  absorbing  power  and  the  color  ad- 
sorbing power  of  chars,  though  no  satisfactory  explanation 
of  this  lack  of  relationship  has  yet  appeared.  It  is  perhaps 
too  soon,  therefore,  to  do  more  than  add  a  few  facts  to  those 
already  at  our  disposal,  in  the  hope  that  we  may  soon  be  able 
to  reach  a  point  where  we  can  generalize  rationally  and  not 
be  driven  to  empirical  conclusions. 

In  1914  Wilham  Clacher^  published  an  account  of  w  ork  on 
some  bagasse  chars,  with  the  idea  that  the  results  might  be 
applied  technic.illy.  The  process  outlined  by  Clacher  differs 
from  one  mentioned  by  Weinrich  a  number  of  years  ago  in 
certain  patent  specifications,  in  that  Weinrich  used  the  charred 
bagasse  without  subsequent  chemical  treatment,  mainly  as  a 
filter  aid,  whOe  Clacher  activated  his  char  by  boiling  with 
strong  caustic  soda,  for  the  purpose  of  removing  the  siliceous 
ash,  followed  by  washing  with  acid.  So  far  as  the  present 
writer  knows,  neither  process  has  ever  been  carried  out 
technically. 

Dilute  sodium  hydroxide  has  been  used  for  many  years 
to  revivify  spent  bone  chars.  The  purpose  of  the  sodium 
hydroxide  is  to  change  the  conditions  of  adsorption  at  the 
free  surface  of  the  carbon  .so  that  adsorbed  substances  may 
pass  again  into  solution,  and  to  dissolve  certain  alkali-soluble 
compounds.  These  substances  include  coloring  matters, 
gums,  colloids  of  one  type  or  another,  and  mineral  salts. 
Ill  revivifying  boneblack,  the  soda  process  was  usually  con- 
sidered more  expensive  than  burning. 

The  use  of  stronger  solutions  of  soda  to  at'tivate  inactive 
wood  chars  seems  to  the  writ(!r  a  differnit  thing  in  many  ways 
fnim   its  use   in   revivifying  spent   boiu^  chars.     It   would 

1  Presented  before  the  Division  of  Sug.^r  Chemistry  and  Technology 
at  the  62nd  Meetins  of  the  American  Chemical  .Society,  New  York.  N.  V., 
September  0  to  10,  1921. 

=  Dean,  Audubon  Sui^ar  School. 

'  Inleni.  .'iugar  J.,  1914,  0-1. 


naturally  occur  to  any  chemist,  who  had  to  deal  with  a  char 
with  a  siliceous  skeleton,  to  extract  this  sihca.  Boneblack  can 
be  made  much  more  active  by  extracting  it  with  hydrochloric 
acid,  thus  removing  the  insoluble  tricalcium  phos])hate, 
increasing  the  porosity,  and  leaving  a  greater  amount  of  free 
carbon  surface  available  for  adsorption.  This  is  an  ordinary 
laboratory  procedure.  In  a  similar  way  a  siUeeous  char 
boiled  with  sodium  hydroxide  would  lose  its  silica  in  the  form 
of  soluble  sodium  silicate,  becoming  more  porous  and  more 
active.  This  procedure,  however,  would  be  without  purpose 
in  the  case  of  bone  char,  which  has  a  calcium  phosphate 
base,  and  was  probably  not  tried  out  on  wood  chars  until  the 
latter  were  developed  into  decolorizing  chars  some  twelve 
to  fifteen  years  ago.  When  high  power  chars  of  vegetable 
origin  were  developed  from  wood  giving  an  ash  of  low  sihca 
content,  the  supporting  skeleton  was  .supphed  by  impreg- 
nating with  lime  or  some  other  mineral  substance,  which  was 
subsequently  extracted  by  hydrochloric  acid.  Chars  made  of 
vegetable  material  high  in  silica,  on  the  other  hand,  were 
extracted  with  sodium  hydroxide,  with  the  same  general 
purpose  in  view. 

The  growing  importance  of  vegetable  chars,  which  was 
stimulated  by  the  successful  work  of  Sauer  and  Wijnberg, 
has  caused  a  good  many  chemists  to  seek  different  sources 
of  decolorizing  chars  during  the  la.st  few  years.  Bagasse, 
being  a  by-product  of  the  cane-sugar  industry,  has  naturally 
received  considerable  attention,  and  a  number  of  experiments 
have  been  made  with  it  by  numerous  workers,  including  the 
writer.  The  reports  of  these  experiments  vary  considerably. 
It  has  therefore  been  thought  best  to  repeat  them  for  the 
purpose  of  ascertaining,  if  possible,  the  cause  of  these  dif- 
ferences. In  order  to  rule  out  the  personal  equation  three  lots 
of  bagasse  were  treated  separately  by  different  men,  first  by 
the  writer,  then  under  his  direction  by  Mr.  A.  D.  Lipscomb 
and  by  Mr.  P.  M.  Horton.  The  results  in  all  cases  were 
practically  identical. 

It  soon  became  evident  that  in  most  pubhshed  accounts  of 
the  evaluation  of  chars  the  conditions  of  the  tests  were  rarely 
stated  with  any  detail  and  definiteness,  nor  was  any  one 
method  used  generally,  nor  were  the  results  expressed  in  the 
same  mathematical  terms.  It  was  determined,  therefore, 
to  test  the  effect  upon  the  results  of  slight  changes  in  con- 
ditions and  to  establish  a  standard  method  for  work,  which, 
while  not  altogether  satisfactory,  would  at  least  have  the  merit 
of  being  definite. 

Calculation   of  Results 

In  sugar  work,  decolorizing  chars  are  probably  of  value  in 
accordance  with  the  amount  of  color  they  leave  in  the  solu- 
tion, rather  than  the  amount  which  they  take  out.  The 
usual  Stammer  and  Duboscq  figures  give  us  roughly  the  per- 
centage of  color  removal.  On  this  basis  a  carbon  which  wouki 
remove  45  per  cent  would  be  one-half  as  good  as  a  car- 
bon which  would  remove  90  per  cent  tot.il  color,  a  state- 
ment wiucji  is  incorrect  technically.  Similarly,  a  carbon  which 
would  reino\-e  90  per  cent  of  color  would  be  called  almost  as 
good  as  one  which  would  remove  95  percent  of  color.  Tiiis 
statenienti  is  also  incorrect.  On  t he  other  hniul,  it  is,  of  cour.se, 
not  quite  correct  to  call  one  which  leaves  5  per  cent  twice  as 
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good  as  the  one  which  leaves  10  per  cent.  None  the  less,  it 
is  the  wiiter's  opinion  that  the  second  is  the  less  inaccurate 
method  of  the  two,  and  it  was  adopted  for  his  work.  These 
points  were  raised  by  Zerban  some  time  since.  The  UTiter 
agrees  v\ith  his  point  of  view,  in  the  main :  but  undoubtedly  we 
need  a  more  accurate  system  of  evaluation.  In  order  to  get  a 
rough  idea  as  to  the  initial  intensity  of  color,  the  sugar  solu- 
tions were  read  against  a  Stammer  double  plate.  WhUe 
the  tint  of  the  solution  generally  differed  materially  from  that 
of  the  plate,  it  was  none  the  less  found  possible  to  get  scale 
readings  which  were  surprisingly  uniform.  The  same  solu- 
tions were  then  read  before  and  after  decolorizing,  in  the 
Duboscq  colorimeter,  and  the  comparison  was  made  directly 
between  the  lengths  of  columns  having  the  same  tint,  no 
allowance  being  made  for  the  fact  that,  mathematically,  color 
removal  is  not  quite  proportionate  to  length  of  column. 
The  solutions  were  also  read  with  a  Hess-Ives  tint  photometer. 
For  the  sake  of  comparison,  a  good  grade  of  commercial 
decolorizing  char  of  high  efficiency  was  taken  as  a  standard, 
and  its  decolorizing  power  was  called  100.  This  standard  is, 
of  course,  purely  empirical,  and  might  be  omitted  if  desired, 
but  it  was  found  to  be  a  convenient  way  of  testing  the  relative 
decolorizing  power  of  a  series  of  experimental  chars.  More- 
over, by  comparing  the  filtrates  obtained  under  standard 
conditions  from  the  standard  char  and  the  experimental  char, 
respectively,  it  was  found  that  a  more  accurate  comparison 
could  be  made  between  the  light  filtrates  than  between  the 
dark  initial  solution  and  its  decolorized  product.  Table  I 
illustrates  these  points. 

Table  I 
(Stammer  reading  on  original  solution,  3.5) 

' Duboscq  Colorimeter 

Equivalent 
Lengths  of 
Column  Color       Color 

Mm.  Removed     Left 

FUtrate  from  standard  char ' 100  83  17 

Initial  solution  before  decolorizing 17 

Filtrate  from  experimental  char 100  92  8 

Initial  solution  before  decolorizing 8 

Filtrate  from  standard  char 47 

Filtrate  from  experimental  char 100 

Efficiency  experimental  char  relative  to  standard  —  =  213 
Efficiency  experimental  char  relative  to  standard -7=-  =213 

It  will  be  noticed  that  bj-^  direct  comparison  of  the  standard 
char  filtrate  with  the  experimental  char  filtrate  the  same 
figures  are  obtained  as  by  the  indirect  comparison  with  the 
molasses  solution.  As  the  tints  of  the  filtered  solutions  are 
more  easOy  matched,  this  method  was  used  in  calculating  the 
following  data.     (See  also  Tables  II,  III,  and  V.) 

Test  Solution 

As  a  standard  test  solution  to  be  decolorized,  a  3  per  cent 
solution  of  blackstrap  or  third  molasses  was  chosen,  because 
a  solution  of  this  type  had  been  used  bj^  Zerban  and  others  in 
char  work.  Different  samples  of  molasses  were  found  to 
differ  niateriaUy  in  their  color  content,  but  the  comparative 
figures  on  decolorizing  were  practically  the  same  on  all 
molasses  samples  employed.  For  this  reason  it  may  be  in- 
ferred that  the  general  nature  of  the  coloring  matters  in  third 
molasses  is  practically  the  same,  and  hence  it  may  safely  be 
used  in  .obtaining  comparative  figures.  It  may  be  noted, 
however,  that  it  is  not  possible  to  compare  results  obtained  on 
molasses  with  those  obtained  on  other  types  of  colored  organic 
material,  as,  for  instance,  crude  glycerol.  The  stock  molasses 
solution  was  boiled  and  filtered  with  kieselguhr  with  prac- 
tically no  loss  in  color.  Inasmuch  as  fermentation  brought 
about  color  changes  a  fresh  solution  was  made  up  every  2  days. 

Method  of  Work 

To  200  cc.  of  the  solution  in  a  500-cc.  flask,  6  g.  of  char  were 
added,  the  contents  brought  to  a  boil,  then  stoppered  and 


heated  in  a  boUing  water  bath  for  10  min.  with  occasional 
agitation.  The  flask  was  then  cooled  and  the  contents 
filtered,  discarding  the  first  few  cc.  which  were  usually 
cloudy.  In  several  experiments  the  flasks  were  boiled  5, 
15,  and  20  min.  There  was  hardly  an  appreciable  difference 
in  the  decolorizing  effect  after  5  min.  and  none  at  all  after 
10  min. ;  the  latter  was  taken  as  the  standard  time  for  boiling. 
The  filtrates  should  be  read  after  they  are  thoroughly  cold. 
Though  there  is  little  difference  in  color  in  the  same  filtrate  at 
20°  and  30°,  it  generaDy  becomes  hghter  as  the  temperature 
rises.  This  phenomenon  is  particularly  noticeable  with 
sirups,  but  different  sugar  solutions  show  it  to  different 
degrees. 

Acidity 

The  importance  of  uniform  acidity  in  comparing  decoloriz- 
ing power  cannot  be  overestimated,  as  will  be  seen  from  Table 
II,  recording  the  results  of  tests  made  with  definite  degrees  of 
acidity.  Acidities  were  obtained  with  phosphoric  acid  and 
alkaUnities  with  sodium  hydroxide,  with  phenolphthalein  as 
an  indicator.  pH  values  were  obtained  on  a  different  series 
of  solutions. 


T.IBLE   II 

cent  molasses 

solution,  made  acid  with  phosphoric  acid  and  alkali 

with  NaOH 

Acidity 

Apparent  Efficiency 

.V 

Color  before  Decolorizing 

Standard  Char 

0.03 

Light  yellow 

200 

0.01.5 

Light  yellow 

150 

0.007 

Brownish  yellow 

100 

0.0035 

Dark  yellow-brown 

99 

0.0015 

Dark  reddish  brown 

80 

0.007 

Lighter,  but  redder 

75 

Alkalinity, 

N  0.07 

Still  Ughter.  but  red 

60 

In  this  case  200  cc.  of  the  molasses  solution  were  brought 
to  the  acidities  indicated  and  decolorized  with  6  g.  of  char . 
The  acidulated  solutions  were  not  of  comparable  colors  be- 
cause of  the  difference  in  tint,  but  there  was  no  difficulty 
in  obtaining  comparable  readings  after  decolorizing.  It  will 
be  noted  that  by  simply  changing  the  acidulation  there  was  an 
apparent  increase  in  efficiency  of  the  char  of  100  per  cent  and  a 
corresponding  decrease  when  the  solutions  were  made  alkahne. 
The  figures  were  calculated  on  color  remaining  in  solution. 
From  the  foregoing  one  might  reasonably  conclude  that 
comparisons  of  decolorizing  chars  where  no  mention  is  made  of 
acidities  are  of  somewhat  doubtful  value.  It  might  be  added 
that  although  these  apparent  decolorizing  effects  are  only 
apparent,  there  seems  nevertheless  to  be  a  certain  relationship 
in  actual  color  removed,  as  the  filtered  solutions  when  brought 
to  the  same  acidity  retained  the  same  order  of  decolorization, 
though  not  to  the  same  extent. 

The  following  colorimetric  readings  at  varying  acidities 
on  a  molasses  solution  of  different  origins  were  made  at  our 
request  by  Mr.  W.  G.  Raines,  Jr.,  \\ith  the  Hess-Ives  tint 


Table  IK 

Solutions  Used 
Acidity,  iV 

Red 

Green 

Blue 

Total 

Total  Color 
Remaining 

0.02 

46 
50 

76 

77 

85 

84 

207 
211 

49.5 
S3 

0.015 

50 

48 

7S 

85 
84.5 

213 
209.5 

55 
51.5 

0.01 

55 
52.5 

80 
79 

85 
So 

220 

216.5 

61 

58 

0.005 

65 
69 

83 
83 

85 
85 

233 

238 

79.5 
79.5 

0.003 

69 
71 

83.5 
83.5 

85.5 
85 

238 
239.5 

81.5 
83 

Neutral 

71 
71 

84 
84 

85.5 
85 

240.5 
240 

86 
85 

Alkalinity,  N 
0.003 

64 

84 

85.5 

233.5 

76 

0.005 

61 
62 

84 
83.5 

85.5 
85 

230.5 
230.5 

72.5 
72.5 

0.01 

52 

S3 

84.5 

219.5 

60.5 

0.02 

50 

82 

84 

216 

57 
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photoinotor.  The  chart  used  in  the  color  deterininations  is 
that  published  by  Zerban.^  The  readings  are  in  duplicate 
series.  It  will  be  noted  that  there  was  no  great  difference  in 
the  amount  of  blue  remaining,  that  the  green  was  apparently 
removed  to  a  slighl,ly  greater  extent  in  acid  solutions,  and  that 
the  red  was  apparently  much  more  affected. 

In  the  following  tests  the  acidity  of  the  solutions  to  be 
decolorized  was  kept  at  a  constant  acidity  of  0.007  A^.  This 
is  not  far  from  the  optimum  clear  juice  acidity  in  raw  sugar 
making,  which  in  good  practice  ranges  from  0.004  to 
0.007.  In  melting  raw  sugars  the  optimum  acidity  for 
first  liquors  seems  to  be  from  0.001.5  iV  to  0.0025  A'^.  In  the 
direct  manufacture  of  plantation  granulated  the  best  clear 
juice  acidities,  as  determined  by  experience,  range  from 
0.009  N  to  0.011  N. 

Preparation  of  Chars 

About  S  lbs.  of  bagasse  were  charred  in  each  of  three  series 
of  experiments.  The  bagasse  was  heated  in  a  large  iron 
sand  bath,  which  was  heated  red  hot  by  a  battery  of  M6ker 
burners  and  covered  with  a  similar  sand  bath,  the  two  being 
separated  by  a  heavy  triangle  of  iron  wire  and  thus  held 
about  one-eight  inch  apart.  This  gave  a  fairly  satisfactory 
retort,  from  which  gases  could  escape  readily  without  any 
increase  in  pressure.  At  the  end  of  15  or  20  min.  most  of  the 
volatile  matter  had  been  driven  off  and  the  char  rendered  so 
brittle  that  one  could  powder  it  for  subsequent  treatment. 
The  temperature  of  the  retort  ranged  from  500°  to  600°  C, 
as  recorded  by  a  Northrup  pjTometer.  The  percentage  of 
recovery  was  about  50  per  cent  on  the  basis  of  dry  matter. 
The  char  still  contained  a  large  quantity  of  substances  volatile 
at  higher  temperature,  as  was  evidenced  by  the  fact  that  when 
heated  to  800°  it  gave  off  gas  with  such  rapidity  as  to  blow 
tlie  char  in  part  from  the  clay  crucible  if  the  temperature  were 
raised  too  rapidly.  The  char  was  ground  to  70  to  90  mesh, 
and  called  primary  Char  A,  and  used  in  the  subsequent 
preparation  of  activated  chars  with  the  electric  furnace. 
Charring  in  two  stages  was  found  more  convenient  than 
charring  in  one  stage  on  account  of  the  bulky  nature  of  the 
raw  material.  The  results  obtained  in  the  two  cases  were 
identical. 

Size  of  Char  Grains 

The  chars  were  cooled,  ground,  and  sifted,  and  separate 
tests  were  made  of  the  various  sieve  fractions.  Chars 
between  70  and  90  mesh  were  the  most  effective,  and  did  not 
differ  appreciably  in  decolorizing  power.  These  portions, 
therefore,  were  selected  for  the  experiments.  A  small 
quantity  of  char  of  100  mesh  upward  was  also  obtained. 
This  was  tested  separately  and  showed  about  the  same 
quahties  as  a  70  to  90  char,  to  which  it  was  subsequently 
added.  The  high  mesh  chars  gave  somewhat  slower  filtra- 
tion, with  no  appreciable  increase  in  decolorizing  power. 

Preliminary  Experiments 

SOLUTIONS — A  solution  containing  400  g.  of  granulated 
sugar  and  200  g.  of  first  molasses  was  diluted  to  2000  cc. 
This  gave  Solution  1,  of  27.8  Brix  and  a  reading  against  the 
Stammer  double  plate  of  3.5.  It  approached  in  color  and 
composition  a  rather  dark  sirup  in  ordinary  sugarhouse 
practice.  To  ICO  cc.  of  this  solution  (containing  50  g.  of  total 
solids)  in  a  250-cc.  flask  were  added  5  g.  of  char,  or  10  per  cent 
on  total  solids.  The  stoppered  flask  was  heated  to  95°  to 
100°  C.  for  10  min.,  filtered,  and  cooled.  Color  comparisons 
were  made  on  a  Duboscq  type  colorimeter.  Four  solutions 
corresponding  to  Solution  1  were  made  up  from  different 
samples  of  molasses;  2,  blackstrap;  3,  blackstrap;  4,  high- 

*  Louisiana  Planter,  1918. 


grade  first  molasses.     In  all  cases  the  solutions  were  acidu- 
lated to  0.007  A'^,  with  phosphoric  acid. 
CHARS — Bagasse  chars  were  made  as  follows: 

Char  B — By  heating  Char  A  to  600°  with  a  battery  of  M4ker  burners, 
washing  water-soluble  ash  out  with  hot  water,  and  drying. 

Char  C — By  heating  B  to  800°  in  an  electric  furnace  for  1  hr. 

Char  D — By  boiling  C  for  10  min.  with  15  per  cent  sodium  hydroxide  on 
weight  of  char  plus  enough  water  to  make  a  cream,  the  final  percentage  being 
about  4  per  cent  sodium  hydroxide  solution. 

Char  E — Boiling  D  5  min.  with  1:1  hydrochloric  acid. 

In  Table  IV  the  Stammer  reading  gives  the  approximate 
color,  and  the  decolorizmg  powers  are  given  in  terms  of  stand- 
ard char  =  100. 


Table  IV 


Stammer 
Soi,UTION     Reading 

1  3.5 

2  2 

3  1.5 

4  6 


-  Decolorizing  Power  of  Chars s 

C  D  E  Standard 

102  100 

32  110  100 

36  91  133  100 

83  120  100 


This  bagasse  char  was  not  as  active  as  batches  subsequently 
made,  probably  because  the  sodium  hydroxide  solution  was 
too  weak.  Tests  made  using  the  same  amounts  of  molasses 
and  omitting  the  sucrose  gave  similar  results.  The  results 
show  that: 

1 — The  presence  of  sucrose  did  not  materially  affect  the  de- 
colorizing power. 

2 — Bagasse  char,  when  properly  made,  has  a  distinct  decolor- 
izing power  before  it  is  treated  with  sodium  hydroxide  (Columns 
B  and  C). 

3 — This  decolorizing  power  is  greatly  increased  by  boiling  with 
sodium  hydroxide  (Column  D). 

4 — It  is  still  further  increased  by  boiling  the  char  extracted 
with  sodium  hydroxide  with  a  1 : 1  solution  of  hydrochloric  acid 
(Column  E). 

Further  Experiments  on  Bagasse  Chars 

The  work  was  repeated  with  more  attention  to  detail,  it 
having  become  evident  that  the  quality  of  the  char  was 
materially  affected  by  several  sUght  changes  in  process.  For 
instance  20  g.  of  Char  C  were  treated  with  3  g.  of  sodium 
hydroxide,  or  15  per  cent  by  weight.  To  this  was  added 
enough  water  to  enable  the  solution  to  boU  readUy.  At  the 
end  of  15  mins.'  boiling  the  ash  content  had  not  been  gi-eatly 
reduced.  A  rough  estimate  showed  that  about  100  cc.  of 
water  had  been  added,  giving  a  3  per  cent  solution  of  sodium 
hydroxide,  which  attacked  the  silica  slowly.  If,  however, 
this  solution  was  allowed  to  boil  down  to  a  thick  porridge, 
thus  increasing  the  concentration  of  the  sodium  hydi-oxide 
solution,  the  silica  content  was  reduced  and  the  activity  of  the 
char  materially  increased.  It  was  also  noted  that  for  dif- 
ferent samples  of  molasses  a  given  char  showed  different  per- 
centages of  color  removed  compared  with  the  standard,  and 
the  ratios  of  color  removed  by  different  chars  on  these  different 
molasses  samples  were  not  constant. 

Char  A — Ash,  11  per  cent;  SiOs,  7.05  per  cent;  decolorizing  power,  0.0. 

Char  F — This  was  made  by  boiling  Char  A  with  sodium  hydroxide, 
20  per  cent  on  weight  of  char,  for  15  min.,  washing  with  water,  then  with 
dilute  acid,  and  drying.  Ash,  3.3  per  cent;  SiOj,  0.9  per  cent;  decolorizing 
power,  60. 

Char  G — Inasmuch  as  chars  made  at  higher  temperatures  had  shown 
more  decolorizing  power.  Char  A  was  boiled  with  sodium  hydroxide  as  for 
Char  F  and  then  heated  to  850-°  C.  for  1  hr.  A  quantity  of  gas  was  given  off 
during  this  stage.  Ash  of  Char  G,  8  per  cent;  SiOj,  3.2  per  cent;  decolorizing 
power,  225. 

Char  H — From  the  foregoing  it  was  evident  that  the  temperature  of 
charring  was  of  prime  importance.  Char  A.  therefore,  was  heated  without 
treatment  with  sodium  hydroxide  to  900°  for  2  hrs.,  giving  Char  H,  with  a 
decolorizing  power  of  66. 

Char  I — Char  I  was  prepared  by  boiling  Char  H  30  min.  with  20  per 
cent  weight  of  char  of  sodium  hydroxide,  which  gave  a  decolorizing  power 
equal  to  86. 

Char  J — Char  I  was  boiled  with  hydrochloric  acid,  and  the  resulting 
Char  J  showed  a  decolorizing  power  of  170. 
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Norit 

Darco 

Standard 

103 

110 

100 

0.241 

0.343 

From  the  foregoing  it  is  evident  that  bagasse  char 
heated  without  treatment  to  900°  had  a  decolorizing  power 
of  66,  which  was  increased  to  86  by  boOing  with  sodium 
hydroxide,  and  to  170  by  subsequent  boihng  with  hydrochloric  ^ 
acid.  Owing  to  the  initial  high  temperature  employed  in 
charring,  less  ash  or  SiOa  was  removed  by  the  soda  under  the 
conditions  mentioned  above  than  in  the  previous  tests. 

Approved  Method  of  Preparation 

As  a  result  of  these  experiments,  Char  K  was  prepared  as 
foUows:  Char  A  was  heated  1  hr.  to  800°  to  850°  C,  boiled  for 
2  hrs.  with  a  20  per  cent  sodium  hydroxide  solution,  with  the 
addition  of  water  from  time  to  time  to  keep  the  concentration 
practically  constant,  washed,  boiled  with  1:1  hydrochloric 
acid,  washed,  and  dried  by  heating  to  about  200°.  The 
residual  Char  K  was  compared  with  several  commercial 
chars  of  good  quaUty  with  the  following  results: 


Char  K 

Decolorizing  power 260 

Apparent  specific  gravity 0 .  136 


vSeveral  batches  of  Char  K  were  made,  all  ha\ing  from  two 
to  two  and  one-half  times  the  decolorizing  power  of  the  stand- 
ard char.  These  batches  seemed  to  have  about  the  same 
physical  properties,  but  differed  in  ash  content.  In  addition 
to  removing  organic  coloring  matter  from  solutions.  Char  K 
showed  a  marked  power  of  absorbing  iron  salts  as  well. 
The  acid  used  in  wasliing  was  yellow,  commercial  hydrocliloric 
acid,  but  the  filtrate  came  through  absolutely  colorless,  which 
might  indicate  that  commercial  hydrochloric  acid  could  be 
freed  of  iron  technically  by  the  use  of  high-power  activated 
chars.  This  problem  is  now  being  investigated  in  this 
laboratory.  In  the  preparation  of  Char  K  it  was  noted  that 
if  the  temperature  were  raised  to  much  over  900°  there  was 
a  loss  in  decolorizing  power;  that  the  20  per  cent  solution  of 
sodium  hydroxide  in  1  hr.  gave  practically  as  efficient  a  char 
as  in  2  hrs.,  and  that  it  was  almost  impossible  to  remove  either 
aU  the  alkali  or  all  the  acid  by  any  ordinary  amount  of  wash- 
ing. Of  the  two,  the  acid  was  the  more  difficult  to  wash  out. 
The  WTiter  attributes  this  to  the  fact  that  the  acid  entered  the 
pores  of  the  char  and  thus  escaped  the  wash  water.  With  this 
in  mind,  the  washed  char  was  agam  raised  to  from  200°  to 
300°  C,  or  below  the  kindhng  point,  in  a  current  of  air,  in 
order  to  volatilize  any  hydrochloric  acid  which  might  stiU 
be  in  the  char.  The  resulting  char  after  a  10-min.  boiling 
with  water  gave  a  solution  which  was  practically  neutral. 
TechnicaOy,  this  is  a  matter  of  some  consequence,  as  a  num- 
ber of  conunercial  chars  which  were  tested  for  acidity  proved 
to  be  sufficiently  acid  to  interfere  materially  with  the  refinery 
process.  In  one  cose  a  noticeable  amount  of  inversion  was 
traced  to  this  source.  Although  there  is  no  absolute  proof 
thereof,  the  wiiter  is  inclined  to  attribute  the  harmful  effect 
of  extremely  high  temperatures  to  the  partial  graphitizing 
of  the  carbon,  grapliitic  carbon  having  very  Uttle  decolorizing 
power.  High  temperature  would  also  cause  Incipient  fusion 
of  any  sihcates  still  present,  which  would  spread  as  a  protect- 
ing film  over  the  adjacent  free  carbon  surface.  These  sihcates 
and  free  sihca  are  attacked  and  rendered  soluble  by  a  boihng 
solution  of  20  per  cent  sodium  hydroxide,  this  action  being 
slowest  when  the  silicate  and  silica  have  been  subjected  to 
very  high  temperatures.  Tlie  removal  of  the  sihcate  film 
and  of  sihca  itself  would  expose  a  greater  surface  of  free 
carbon  and  increase  decolorizing  power.  Certain  films  formed 
by  organic  materials  of  unknown  nature  are  also  remo\'ed  by 
the  sodium  hydroxide.  Some  films  of  inorganic  origin,  such 
as  those  formed  by  calcium  hydroxide,  iron  oxide,  and  the  like, 
left  by  the  action  of  soda  on  the  ash,  are  removed  by  the 
hvdrochloric   acid  treatment  with  the  formation  of  soluble 


chloride.     Possibly  some  acid-soluble  organic  films  are  also 
removed,  but  of  this  the  writer  found  no  direct  proof. 

Char  K  was  very  low  in  apparent  specific  gravity,  and  was 
the  best  filter  aid  of  any  char  tested.  It  was  revivified  by 
boiling  first  with  5  per  cent  sodium  hydroxide  and  then  with 
5  per  cent  hydrochloric  acid  with  excellent  results.  It  was 
also  revivified  by  retorting  in  the  usual  way  with  even  better 
results. 

Comparison  with  Boneblack 

Since  reference  is  frequently  made  to  boneblack  decoloriza- 
tion,  standard  fresh  boneblack,  obtained  from  a  boneblack 
refinery,  was  sifted  and  the  20-3.5  mesh  fraction  was  used  for 
tests.  Under  the  conditions  outlined  above,  6  g.  per  200  cc. 
gave  no  appreciable  decolorization.  If  the  boneblack  was 
boiled  -nith  hydrochloric  acid,  filtered,  and  heated  to  dull  red 
heat,  it  gave  20  per  cent  decolorization,  as  compared  with 
standard. 

Tint  Photo.meter  Readings 

Inasmuch  as  the  readings  on  the  Hess-Ives  tint  photometer 
are  frequently  taken  as  a  basis  of  comparison  a  series  of  tests 
(Table  V)  were  made  with  this  instrument.  A  3  per  cent 
blackstrap  solution  was  used  with  3  g.  of  char  per  100  cc,  the 
acidity  was  0.007  N,  the  heating  was  carried  out  as  pre^^ousIy 
described,  and  70  cc.  of  the  filtrates  were  placed  in  the  cells 
for  reacUng. 

Table  V 

Total 

Red  Green  Blue  Color  Lett 

Standard  molasses  solution,  untreated.     72  87           90            102 

Same  with  3  g.  boneblack 69  87            90            100 

With  3  g.  commercial  Char  X 30  61            83              34 

With  3  g.  standard  char 13  35           56             14 

With  3  g.  Char  J 7  22           49               9.5 

With  3  g.  Char  E 2  12           35               S.5 

It  wiU  be  noticed  that  the  bagasse  char  is  particularly 
efficient  in  removing  the  red,  which  from  a  technical  stand- 
point is  probably  the  most  important  color  to  remove. 
Comparing  14,  the  color  left  by  the  standard,  with  5. .'5,  the 
color  left  by  Char  G,  we  obtain  255.  A  similar  comparison 
by  means  of  the  Duboscq  colorimeter  has  given  260,  which 
would  indicate  that  color  determinations  made  with  either 
instrument  give  figures  which  are  practically  identical  from  a 
technical  standpoint. 

These  experiments  on  bagasse  char  have  been  described 
with  considerable  detail,  because  certain  other  articles  on  this 
subject  have  been  so  lacking  in  detail  that  it  has  been  diffi- 
cult to  interpret  the  results.  It  might  not  be  amiss  at  this 
point  to  call  attention  to  another  factor  in  comparing  the 
value  of  decolorizing  chars.  If  3  g.  of  char,  having  been  used 
once,  are  sucked  dry  without  washing  and  used  again  on  a 
second  100  cc,  considerable  color  will  be  removed.  This 
can  be  repeated  a  number  of  times  before  all  decolorizing 
power  is  lost.  There  would  seem  to  be  an  equilibrium  reached 
between  the  concentrated  film  of  color  on  the  surface  of  the 
char  and  the  dispersed  color  in  the  liquid.  Just  what  this 
equiUbrum  is,  it  is  difficult  to  say.  The  problem  is  now  under 
investigation  by  the  writer  and  Mr.  P.  AI.  Horton,  who  hope 
to  have  results  ready  for  publication  in  the  near  future. 


Degrees  for  Sale  in  American  Universities 

For  the  benefit  of  our  foreign  members  and  readers,  we  wish 
to  say  that  no  reputable  institution  in  America  makes  a  practice 
of  seiUng  academic  degrees.  One  institution  in  the  District  of 
Columbia  which  may  have  made  such  offers  in  foreign  publica- 
tions has  no  standing,  no  laboratories,  and  no  equipment  for 
university  work.  It  may  be  added  that  this  particular  activity 
has  had  the  attention  of  various  government  investigators,  but 
since  it  is  difficult  to  prove  actual  fraud'  in  a  matter  of  this  kind, 
especially  since  its  business  is  in  foreign  countries,  it  has  been 
hard  to  take  any  step  to  stop  its  activities. 
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Cultivation  and  Nitrogen  Fertilization' 

By  H.  A.  Noyes,  J.  H.  Martsolf  and  H.  T.  King 

Mellon  Institutk  of  Industrial  Research.  Pittsburgh,  Pennsylvania 


II  is  the  practice  of  some  grape  growers  to  make  two  applications 
of  nitrogen  to  their  vineyards,  the  first  at  plowing  time,  and  the  second 
near  the  blossoming  period.  '  The  present  investigation  deals  with 
the  value  of  this  second  application,  as  indicated  by  the  determination 
of  nitrates  in  the  soil  under  differing  vineyard  conditions 

The  results  tend  to  show  that  organic  matter  favors  nitrate  forma- 
tion in  soils,  as  does  also  cultivation.  Early  application  of  nitrate 
of  soda  and  proper  cultivation  give  considerable  quantities  of  ni- 
trates in  vineyards  at  the  time  second  applications  are  often  made. 
Turning  under  cover  crops  in  vineyards  in  the  spring  gives  increased 
soil  nitrate  content.  The  amounts  of  nitrates  found  in  well-cultivated 
vineyards  at  regular  intervals  during  the  growing  season  show  ni- 
trates to  be  present  in  quantity  except  at  the  start  of  the  growing  sea- 
son. An  application  of  available  nitrogen  at  plowing  time  appears 
sufficient  for  properly  cultivated  vineyards. 

AGRICULTURAL  practice  and  scientific  investigation 
have  shown  that  available  nitrogen  is  necessary 
for  the  proper  growth  of  plants.  The  sources  of 
nitrogen  are  soil  organic  matter,  the  air,  from  which  nitro- 
gen is  combined  and  made  available  by  bacterial  activities 
and  fertilizer  materials.  Publications  from  several  of  our 
Experiment  Stations  and  other  scientific  articles  give  data 
showing  that  cropped  soUs  are  lower  in  organic  matter 
than  virgin  soUs.  This  lowering  of  organic  matter  is  evi- 
dence that  bacterial  activities  have  played  a  large  part 
in  plant  nutrition.  The  work  of  Noyes  and  Conner*'  *  shows 
a  marked  correlation  between  aerobic  bacteria  and  the 
nitrification  of  five  types  of  soil,  variously  treated  with 
lime  and  fertilizer,  when  they  were  kept  under  conditions 
which  eliminated  some  of  the  variables  encountered  in 
field  work. 

Since  a  large  proportion  of  the  soil  nitrogen  is  made  avail- 
able through  bacterial  activities  and  bacteria  have  been 
shown  to  be  agents  for  the  fixation  of  atmospheric  nitrogen, 
it  is  very  important  that  agriculturists  put  into  practice 
systems  of  soil  management  which  will  be  favorable  to  the 
multiplication  of  desirable  soil  bacteria.  Recent  soil  in- 
vestigations tend  to  show  that  beneficial  soil  bacteria  re- 
quire oxygen,  a  source  of  carbohydrate  material  for  their 
energy,  and  a  low  acid  reaction  of  the  media  in  which  they 
are  growing.  Stated  in  terms  of  agricultural  practice, 
this  means  that  cultivation,  organic  matter,  and  a  soU  less 
than  moderately  acid  are  essential  for  desirable  bacterial 
activities. 

Nitrogen  fertilization  experiments  can  be  divided  into 
two  classes  on  the  basis  of  whether  the  i)lants  under  tests 
are  annuals  or  perennials.  The  perennial  plants,  iDustrated 
by  our  common  fruit  trees,  have  stored  in  them  each  fall 
a  certain  amount  of  reserve  material  in  preparation  for  their 
growth  the  coming  spring.  This  reserve  material  has  not 
been  shown  to  contain  any  large  amount  of  available  ni- 
trogen. The  atmospheric  conditions  of  our  temperate 
climate  arc  usually  favorable  for  the  growth  of  the  tree 
long  before  the  soil  has  warmed  up  enougli  for  active  bac- 
terial activities.  Results  where  nitrate  of  soda  has  given 
beneficial  effects  on  apple  trees  can  be  readily  found  by  those 
desiring  them.    This  is  taken  by  the  authors  of  this  paper 

'  Presented  before  the  Division  of  Fertilizer  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  V.,  September 
6  to  10,  1921. 

*  Numbers  in  text  refer  to  Hibliography  at  end  of  paper. 


to  show  that  the  responses  of  perennial  plants  to  available 
nitrogen  early  in  the  season  are  largely  due  to  lack  of  suffi- 
cient bacterial  activity  in  the  cool  soil  at  that  time. 

The  fertilizer  industry  furnishes  nitrogen  in  two  forms, 
namely,  that  which  is  termed  available  and  that  which  is 
termed  unavailable.  Out  of  this  comes  a  more  or  less  common 
belief  that  we  buy  some  readily  available  nitrogen  for  im- 
mediate use  and  other  nitrogen  to  become  available  and 
ready  for  use  at  a  later  date.  It  is  well  known  that  vegeta- 
ble gardening  experiments  often  call  for  applications  of 
available  nitrogen  at  different  intervals. 

We  find  the  practice  of  some  growers  in  the  Chautauqua 
and  Erie  Grape  Belt  is  to  make  two  applications  of  nitrogen 
to  their  vineyards.  The  first  application  is  made  at  plowing 
time  and  the  second  application  occurs  later  near  the  blossom- 
ing period.  The  object  of  the  work  reported  in  this  paper 
was  to  find  out  to  what  extent  this  second  application  of 
nitrogen  fertilizer  may  be  expected  to  give  returns,  as  judged 
by  the  amount  of  nitrates  found  present  in  the  soil  under 
different  vineyard  conditions,  and  to  see  if  these  results 
correlate  with  other  data. 

Effect  of  Ample  Aeration 

Experimental  work  carried  on  under  conditions  of  ample 
aeration  (because  of  the  open  nature  of  the  soil  used)  is  re- 
ported in  Table  I.  The  crop  used  was  head  lettuce.  Samples 
of  soU  were  taken  every  2  wks.  from  November  9  to  April 
16.  The  results  in  crop  yields,  nitratesf  in  soil,  and  nitrates 
after  incubation  are  given  in  the  table. 

Table   I — Crop,   Nitrates,   and  Nitrification  on   Light  Sandy   Soil 
IN  Greenhouse  Experiments 

NOj,  P.  p.  m. 
on  Dry  Soil 

Weight  after 

of  As  Incuba- 

Applications,  Rates  per  Acre                   Crop  Sampled  tion* 

Check 100  15.9'  374   2= 

Nitrogen — 'A  that  in  5-ton  dry  manure       370  S.S  386  1 
Complete  fertilizer  elements  equal   '/s 

those  in  5-ton  dry  manure 380  45.1  430.7 

Complete      fertilizer     with      nitrogen 

doubled 877  66.9  482.6 

Double  application  to  complete  fertil- 
izer         498  35.6  569.3 

5-ton  dry  manure 1108  29.5  .571.1 

5-ton  dry  manure  with  nitrogen  added .     1352  66. S  577.6 
5-ton  dry  manure  with  complete  fertil- 
izer      1503  54.5  717.2 

Leaf  mold  giving  equal  organic  matter 

to  5-ton  dry  manure 598  30.2  727   2 

10-ton  dry  manure 1400  64.5  734    1 

Leaf  mold  giving  equal   organic    mat- 
ter to  10-ton  dry  manure 841  66.2  778   1 

>  6  wks,'  incubation  at  20°  C.  and  constant  moisture  content  with  5  cc. 
of  2  per  cent  ammonium  sulfate  solution. 

-  Figures  are  average  for  ten  dates  of  sampling  at  2-wk.  intervals. 

The  results  are  significant.  There  is  no  case  whiM-e  or- 
ganic matter  was  added  in  which  the  nitrates  after  in('uba.t.ion 
with  ammonium  sulfate  were  lower  than  a  treatment  wh(>re 
organic  matter  was  not  added  to  the  soil.  The  data  show 
that  we  tend  to  have  the  largest  crop  where  organic  matter 
is  added  to  the  soil.  The  nitrates  in  the  soil  for  the  period 
under  investigation  were  doubtless  aflfected  by  the  growing 
(•ro]);   however,  four  out  of  the  five  highest  average  nitrate 

t  Soil  samples  taken  with  a  bacteriologists'  soil  sampler  described  in  the 
J.  Am.  Sot;.  .Agron..  7  (1915).  239.  .MI  samples  were  taken  to  the  laboratory 
and  the  analysis  started  immediately  according  to  the  method  described  in 
This  Journal,  11  (1919),  213.  The  determinations  were  made  on  the  moist 
(field)  sample  in  every  case.  Moisture  was  determined  by  drying  10  g.  of 
soil  to  constant  weight  at  100°  C.  Nitrate  results  were  calculated  to  mois- 
ture-free soil. 
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Table  II- 

-Nitrate  Studies 

IN  Young  Orchard  Having  Different  Systems  of  Soil  Management' 

(Nitrates  as  NO3  per  Million) 

r^lB-in    fiill-tf T-A    C^ n' 

i'er  Crop 

Before 

Accumulative  Straw  Mulch 

Moisture                Before 

2od  Sc 

Moisture 

After 

After 

Moisture 

verai  xeiiia — 
Before 

After 

Date 

Per  cent 

Inc. 

Inc.2 

Per  cent                   Inc. 

Inc.  2 

Per  cent 

Inc. 

Inc. 2 

8/19/14 

10.2 

119 

201 

10.6                        48 

262 

5.0 

22 

170 

9/16/14 

14.0 

102 

209 

17.3                      168 

242 

15.4 

47 

237 

11/  9/14 

18.5 

11 

194 

23.5                        28 

362 

19.4 

4 

235 

6/14/15 

26.6 

55 

318 

29.8                      25 

234 

26.5 

6 

303 

7/  1/15 

15.0 

101 

249 

19.8                        7 

426 

16.5 

6 

290 

7/27/15 

15.0 

88 

268 

17.2                        60 

274 

15.8 

9 

262 

S/19/15 

18.9 

69 

238 

20.5                          9 

289 

21.5 

9 

268 

1/24/16 

22.6 

26 

321 

23.0                        33 

411 

24.6 

23 

359 

5/  2/16 

21.0 

0 

2355 

22.8                        66 

5017 

22.7 

14 

4843 

7/18/16 

14.5 

80 

936 

14.6                        41 

885 

8.8 

1 

771 

11/23/16 

13.9 

0 

159 

14.9                          1 

167 

t7.5 

0 

167 

Average 

17.5 

59 

495 

19.5                        44 

779 

17.6 

13 

719 

1  Soil  was  silty  clay  loam  averaging  0.13  per  cent  nitrogen. 

2  6-wk.  incubation  at  20°  C.  and  constant  moisture  content  with  5  cc.  of  2  per  cent  solution  of  ammonium  sulfate. 


contents  occur  on  plots  receiving  organic  matter.  This 
table  shows,  therefore,  that  (1)  nitrates  tend  to  increase 
in  proportion  to  the  active  organic  matter  present  in  the 
soil,  (2)  a  growing  crop  has  an  effect  on  the  nitrates  present 
in  the  soO. 

COMPAEISON  OF  SYSTEMS  OF  SoiL  MANAGEMENT 

Considerable  work  has  been  reported  by  C.  B.  Lipman,^ 
Albrecht,^  Gainey  and  Metzler,'  Jensen,^  Richardson,' 
Lyon  and  Bizzell,'  Whiting  and  Schoonover,'^  and  others 
on  the  supposed  effects  of  different  crops,  associated  crops, 
and  .systems  of  soil  management  on  nitrate  formation  in  the 
soil.  The  work  of  these  investigators  has  been  conducted 
under  a  wide  range  of  conditions;  first  one  factor  and  then 
another  has  sho\vn  itself  as  being  of  great  importance  when 
the  results  were  summarized.  So  Uttle  work  has  been  con- 
ducted where  the  systems  of  soil  management  known  as 
mulch,  sod,  and  cultivation  have  been  compared,  side  by 
side,  that  the  present  writers  have  included  data  from  an 
experimental  orchard"  where  these  systems  have  been 
practiced  for  several  years.  The  differences  in  organic  matter 
content  between  the  various  treatments  were  not  considered 
a  controlling  factor,  as  shown  by  analyses  given  elsewhere 
in  the  bulletin." 

The  figures  reported  appear  in  accord  with  the  results 
obtained  by  Gainey  and  Metzler'  when  they  compacted 
soil  beyond  a  certain  point  and  prevented  active  nitrification. 
The  big  difference  between  their  results  and  those  reported 
in  the  table  above  is  that  the  low  nitrate  content  regularly 
occurs  on  the  sod  plot  where  a  natural  packing  of  the  soil 
has  taken  place.  The  amounts  of  moisture  do  not  prevent 
nitrification  when  the  soU  is  subjected  to  nitrification  tests 
by  the  so-called  beaker  method.  On  the  basis  of  these 
data,  aeration  might  be  assumed  to  accoimt  for  both  these 
results  and  those  obtained  by  Gainey  and  Metzler. 

Albrecht'  says,  "Plowing  has  a  very  significant  effect 
toward  increasing  nitrates."  Noyes  and  Conner*  show  that 
five  soils  which  give  a  direct  relationship  between  aerobic 
counts  and  nitrates  when  variously  limed  and  fertUized 
failed  to  show  the  presence  of  nitrates  after  being  held  satu- 
rated with  water  for  about  10  mo.  Excess  moisture  re- 
sulting from  saturation  or  lack  of  air  due  to  the  presence  of 
excess  moisture  caused  no  nitrates  to  be  found  in  the  fuUy 
saturated  soils  either  before  or  after  incubation  by  the 
beaker  method  and  this  would  indicate  that  aeration  has 
a  definite  relationship  to  nitrification. 

Lohnis^  found  that,  in  respect  to  nitrification,  aeration 
is  of  great  importance.  Schloesing'"  in  his  experiments 
also  showed  that  the  amount  of  nitrate  nitrogen  found  was 
in  direct  proportion  to  the  amount  of  oxygen  suppUed. 

Addition  of  Nitrates 

Gainey^  gives  results  showing  that  when  conditions  are 
such  that  nitrification  is  liindered,  ammonification  increases. 


To  check  up  this  point  the  ^Titers  are  presenting  some 
data  (Table  III)  secured  in  sodded  land  one  month  after 
ammonium  sulfate  and  nitrate  of  soda  were  added  in  com- 
parative tests.  The  soil  was  a  sUty  clay  and  had  been  in 
sod  for  at  least  3  yes.  It  was  well  packed  and  firm;  there- 
fore the  data  should  show  the  extent  to  which  ammonium 
suKate  has  given  nitrates  in  excess  of  plant  requirements 
under  the  conditions  of  the  experiment.  The  check  shows 
only  a  small  amount  of  nitrates  and  the  soil  is  one  which 
is  relatively  high  (for  the  locaUty)  in  volatile  matter  and  ni- 
trogen. 

Table  III — Nitrates  in  Sodded  Land  One  Month  after  Applications 
OF  Nitrate  of  Soda  and  Ammonium  Sulfate 
(Samples  taken  June  29,  1920) 

NO3.  P.p.  m.  of      Increase  Due  to 
Applications  per  Acre  Lbs.         Dry  Soil         NaNOa        (NHiJiSO* 

Nothing 9.5 

Nitrate  of  soda 310  73.0  63.5 

Ammonium  sulfate 3i0  15.0  ...  5.5 

Nitrate  of  soda 620  326.0  316.5 

Ammonium  sulfate 620  23.0  ...  13.5 

Nitrate  of  soda 930  882.0  872.5 

Ammonium  sulfate 930  17.0  ...  7.5 

The  results  indicate  that: 

1 — Nitrates  in  the  soil  increase  with  increased  applications  of  sodium 
nitrate. 

2 — Ammonium  sulfate,  though  applied  in  quantities  equal  to  the  nitrate 
of  soda  and  carrying  more  nitrogen,  does  not  nitrify  readily  in  this  compact 
sodded  soil. 

3 — The  soil,  though  high  in  organic  matter  (for  the  locality)  and  of  moder- 
ate acidity,  does  not  contain  a  large  quantity  of  nitrates  under  field  condi- 
tions. 

Samples  were  taken  from  six  vineyards  in  1920  at  the  time 
the  second  application  of  nitrogen  fertilizer  is  usually  made 
(Table  IV)  to  find  out  what  quantities  of  nitrates  were 
present  in  the  soil  from  natural  sources  and  from  applications 
of  nitrate  of  soda  made  earUer  (at  plowing  time). 


Table  IV — Nitrates  in  Vineyard  Soils  at  Time  Sec 
Nitrate  of  Soda  Is  Usually  Made 

OND  ApPLIi 

cation  op 

Soil 
No. 

Kind  of  Soil 

Status  of  Organic         Cultivation 
Matter  in  Soil              Practiced 

Nitrate  of 

Soda 

Lbs.  per 

Acre 

NO.. 
P.  p.  m.of 

Dry 
Soil 

1 

Silty  clay 

Medium  low                      Thorough 
Thorough 

None 

767 

3.52 

678 

2 

Silt  loam 

Medium  low                      Poor 
Poor 

None 
643 

18 
121 

3 

Sandy  loam 

-Average  for  soil  type       Thorough 
Thorough 

None 
570 

73 
105 

4 

Silt  loam 

Average  for  soil  type      Thorough 
Thorough 

None 
600 

52 
55 

5 

Gravel  loam 

Average  for  soil  type      Thorough 
Thorough 

None 
242 

38 
33 

6 

Silt  loam 

High  for  locality               Fair 
Fair 

None 
564 

92 

66 

On  the  heavy  soils,  1  and  2,  containing  medium  to  low 
quantities  of  organic  matter  nitrates  were  present,  but  not 
in  as  great  quantities  as  where  large  applications  of  nitrate 
of  soda  had  been  made  at  plo\\'ing  time. 

On  the  soils  of  medium  organic  matter  content,  3,  4,  and  5, 
we  have  again  comparisons  between  nitrification  without 
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nitrate  fertilization  at  plowing  time  and  with  rather  heavy 
applications  of  nitrate  of  soda  at  plowing.  The  cultivation 
was  well  carried  out  and  there  was  no  great  difference  be- 
tween the  ijlots  without  and  with  the  nitrate  of  soda  appli- 
•cation. 

Soil  6  is  comparatively  virgin  soil,  high  in  organic  matter, 
antl  the  heavy  application  of  564  lbs.  of  nitrate  of  soda  per 
acre  did  not  give  as  high  nitrate  content  to  the  soil  on  the 
■dateTthe  samples  were  taken  as  the  check. 
fe  The  data  show  no  discernible  lack  of  nitrates  present 
where  the  cultivation  had  been  well  carried  out. 

Plowing  in  Cover  Crop.s 

The  result  of  plowing  under  cover  crops  on  the  amount  of 
•nitrates  found  in  the  soil  on  different  dates  is  given  in  Table  V 


Table   V — Comp.\rison    of    Nitrates   in    Well-Cultivated  Vineyard 
ON  Good  Gravel  Loam  through  Season^ 

May  June     June     July  July     Aug.     Aug.  Sept.  .\v. 

24       10           23         7       21            5          19  1 

Check 39=      54         119       68       51          39         29  16        52 

Cover  crops 66       99         104       85       85         50         39  17'       6S 

Difference     due     to 

cover  crop 27       45        -15       17       34          11          10  1         16 

'  400  lbs.  high-grade  complete  fertilizer  used  at  plowing  time. 
2  Figures  are  nitrates  per  million  pounds  of  dry  soil. 
•  Cover  crops  actively  growing. 


which  gives  the  comparison  of  nitrates  between  cover  crop 
plots  and  the  check  plot  in  a  well-cultivated  vineyard  on 
good  soil  for  the  season  of  1921.  This  vineyard  was  fertil- 
ized rather  liberally  early  in  the  spring,  and  any  increase 
in  nitrates  on  the  cover  crop  plots  can  therefore  be  directly 
attributed  to  the  effects  of  increased  bacterial  activity 
due  to  readily  decomposable  material  furnished  by  the  cover 
■crops.  Except  on  June  2.3  the  cover  crop  plots  gave  a  higher 
nitrate  content  than  the  check.  The  cover  crops  were  planted 
.again  in  August,  and  September  1  finds  that  the  young 
cover  crops  have  apparently  reduced  the  nitrate  content 
to  practically  the  same  as  the  check  plot. 

Without  any  second  appUcation  of  fertilizer  we  find  in 
both  sets  of  figures  plenty  of  nitrates  present  during  the  ac- 
tive growing  season  and  up  to  the  time  the  cover  crops  are 
planted.  An  average  of  52  parts  of  nitrates  on  the  check 
plot  is  equivalent  to  213  lbs.  of  nitrate  of  soda  per  acre. 
The  average  of  68  for  the  cover  crop  plots  is  equivalent 
to  281  lbs.  of  nitrate  of  soda  per  acre. 

In  summarizing  this  table  we  are  led  to  believe  that  active 
organic  matter,  which  serves  as  food  for  soQ  bacteria,  in- 
creases nitrate  production. 

These  results  bear  out  the  results  of  Whiting  and  Rich- 
mond," who  find  that  plowing  under  sweet  clover  before 
corn  "furnishes  large  amounts  of  nitrate  nitrogen  for  the 
corn  crop."  Calling  attention  to  the  very  general  agri- 
cultural practice  of  ha\'ing  corn  follow  the  green  manure 
crop  in  the  rotation  and  the  generally  accepted  beneficial 
effects  of  turning  under  a  green  manure  crop,  the  data  so 
far  given  in  this  article  are  confirmatory  of  the  expressed 
belief  that  aerobic  bacterial  activities  in  the  presence  of 
a  source  of  carbohydrate  material  give  available  plant 
food  in  quantities  that  produce  increased  crops. 

Comparison  of  Adjacent  Vineyards 

To  see  what  effect  different  systems  of  management 
have  on  vineyards  on  the  same  soil  and  adjacent  to  one 
another,  the  data  in  Table  VI  were  procured. 

On  all  except  one  date  of  sampling  the  highly  cultivated 
vineyard  had  the  greater  amount  of  nitrates  present  in  the 
soil.  The  quantities  of  nitrate  in  the  highly  cultivated 
vineyard  were  always  amislo,  for  the  average  of  53  p.  j).  m. 
is  equivalent  to  218  lbs.  of  nitrate  of  soda  per  acre.     The 


Table  VI — Comparison  of  Nitrates  in  Adjoining  Vineyards  through 
Season 


May  June 

June 

July  July 

Aug. 

Aug. 

Sept. 

Av 

24 

10 

23 

7 

21 

5 

19 

1 

High  cultivation.  .  . 

62" 

60 

60 

58 

81 

46 

40 

2V 

53 

Average  cultivation 

for  grape  belt.  .  .  . 

25 

39 

69 

29 

43 

11 

14' 

17 

31 

Difference  for  high 

cultivation 

37 

21 

-9 

29 

38 

35 

26 

4 

22 

'  Figures  are  nitrates  per  million  pounds  of  dry  soil. 

-  Cover  crop  of  weeds.  ' 

3  Plowed  recently,  turning  under  summer's  growth  of  weeds. 

figures  for  August  19  and  September  1  are  taken  to  show 
that  the  plowing  done  in  the  average  cultivated  vineyard 
about  August  1  tended  to  increase  nitrification,  while  a 
hea\T  natural  growth  of  weeds  serving  as  a  cover  crop 
decreased  the  nitrates  present  in  the  highly  cultivated  vine- 
j-ard.  In  summarizing  this  table  it  appears  that  cultivation 
increased  nitrate  production. 

Lyon  and  Bizzell'  give  data  showing  the  effects  of  one  crop 
on  another  as  expressed  in  the  nitrate  content  of  the  soil. 
Is  it  not  significant  that  these  beneficial  effects  so  regularly 
accompany  associations  of  crops  that  would  not  tend  to 
impede  soil  aeration? 

Nitrates  and  Moisture  Content 

Nitrates  and  moisture  results  obtained  bi-weekly  in 
1921  are  given  in  Table  VII. 

Table  VII — Nitrates  and  Moisture  in  Vineyards  for  Season  of  1921 

Sodium  Nitrate  per  Acre 
to  Which  NCi  Content 

Is  Equivalent  for  Moisture 

NO3.  P.  p.  m.  Average  Depth  Sampled  in  Soil 

of  Dry  Soil  Lbs.  Per  cent 


May  6 

(Plowing  time)..  .  .  14 

May  24 5S 

June  10 110 

June  23 113 

July  7 70 

July  21 74 

August  5 

(Cover   crop    sow- 
ing)    79 

August  19 60 

September    1 

(Cover  crop  grow- 
ing)    57 


58 
238 
452 
464 
288 
304 


325 

247 


234 


13.2 
18.3 
12.5 
13  7 
13.1 
16  3 


14  7 
17  3 


This  table  gives  the  results  of  studies  carried  on  with 
twenty-four  plots  located  on  at  least  three  distinct  types 
of  soil  scattered  over  an  area  of  10  sq.  mi.  There  was  a  dif- 
ference of  over  500  ft.  in  elevation  between  the  lowest  and 
highest  plot. 

The  nitrate  and  moisture  contents  of  the  soil  are  given 
at  2-wk.  intervals.  The  nitrates  start  with  14  p.  p.  m., 
the  equivalent  of  58  lbs.  of  nitrate  of  soda  per  acre,  and  in- 
crease until  .lune  23  when  the  ma>dmum,  equivalent  to 
464  lbs.  of  nitrate  of  soda  per  acre,  is  reached.  The  data 
show  that  moisture  did  not  bear  a  de'finite  relation  to  the 
nitrate  content  of  the  soU. 

These  data  from  twenty-four  plots  receiving  different 
treatments  as  to  fertilizer  but  proper  cultivation  indicate 
that  applications  of  nilrale  of  soda  later  than  May  2Jf,  1921, 
would  have  been  zoasted. 

DuR.vTiON  of  Effect  of  Initial  Nitr.\te  Addition 

The  literature  cited  and  the  results  given  in  the  foregoing 
do  not  give  information  as  to  how  far  into  the  season  the 
effects  of  the  initial  application  of  available  nitrogen  extend. 
Our  measure  of  this  has  been  a  comparison  on  different 
dates  of  the  nitrate  content  of  plots  where  nitrate  has  been 
applied  and  the  check  ))lots  beside  them.  The  tlata  for  1921 
are  given  in  Table  V'lII. 

In  all  cases  the  nitrate  of  soda  plots  show  greater  nitrate 
content  than  the  checks.  When  we  consider  that  100 
parts  of  nitrate  are  equivalent  to  more  nitrate  of  soda  than 
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Table  VIII— Comparisons  of  Nitrates  between  Checks  and  Applica-  Qf  ^jjy  variety  of  plant  are  DOt  knOWn.      The  Synopsis  at  the 

TioNso.  NITRATE  AT  PLowiNo  TIME,  SEASON  1921  beginning  of  this  paper  gives  merely  indications  of  what 

NO3.  P.  p.  m.  Lbs.  of  Dry  Soil  =             °                       t-    i-         o 

Date                            Check  Plots        Nitrate  of  Soda  Plots  the  results  secured  may  mean. 

May  24       35'                                    116'  „ 

Tune  10 57                                     262  BIBLIOGRAPHY 

Tune  23  66  192 

July"..'.'!! 51                                     102  1 — w.  A.  Albrecht,   Missouri  Agr.  Expt.  Sta.,  Bull.  172. 

July2i!!! 45                                       94  2— P.  L.  Gainey,  Soi7  Science,  3  (1917),  399. 

Augusts oS                                     leu  3_p.  L.  Gainey  andL.  F.  Metzler,  7.  .4sr.  RcsearcA,  11  (1917),43. 

s"p^ember  l' '.'.'.'. '.'.'.'.'.'.'.'.            47                                     100  4— C.  A.  Jensen,   Bur.  Plant  Ind..  Bull.  173. 

1  Each  figure  is  the  average  of  five  comparisons.  S-C.  B.  Lipman,  35th  Annual  Meeting,  Society  Promotion  Agricultural 

Science. 

6 — I.ohnis  and  Green,  Centr.  Bakt.  Parasilenk.  II  Abt..  37  (1913). 

an  application  of  400  lbs.  per  acre  we  have  evidence  that  7— t.  L.Lyon  and  j.  a.  Bizzeii.comeii  univ.  Agr.  Expt.  sta..  Memoir  i. 

properly   cultivated   vineyard.s   do   not   require   nitrate   of  s-h.  a.  Noyes  and  s.  d.  Conner,  /.  Agr.  Research.  I6  (i9i9),  27, 

soda  appUcationS  after  plomng  time.      The  check  plot  data  ^°l_^    ^    ^    Richardson.  J.  Dept.  Agr.  Victoria.  11  (1913),  429. 

are  evidence  that  our  present  vineyard  soils  contain  enough  10— t.  Schioesing,  Compt.  rend..  77  (iS73),  203. 

organic    matter    so    that,    with    good     cultivation,     bacterial  11— a.  L.  whiting  and  T.  E.  Richmond.  Illinois  Agr.  Expt.  Sta.,  Bull. 

activities  will  furnish  nitrates  in  excess  of  the  quantities  233.                                ,„,„„.               .       ^ 

ULUViwro    "ill    n.iju.j.-ti  12— A     L.   Whiting   and  W.   R.   Schoonover,   Illinois  Agr.   Expt.  Sta., 

used  by  the  growmg  plants.  builhs. 

The    ratios    of    oxygen,    carbon    dioxide,    organic    matter,  13— C.  G.  Woodbury,   H.   a.  Noyes    and      J.   Oskamp,   Indiana  Agr 

bacteria,  fungi,  plant  food,  etc.,  for  the  optimum  development  Expt.  Sta..  Bull.  206. 


The  Recovery  of  Potash  as  a  By-product  in  the  Blast 

Furnace  Industry" 


By  William  H.  Ross  and  Albert  R.  Merz' 
Bureau  of  Soils,  Washington,  D.  C. 


The  weighted  average  of  the  potash  in  the  ores.  coke,  and  limestone 
used  in  the  blast  furnace  industry  amounts  to  approximately  0.2 
per  cent  for  each  material,  which  is  less  than  one-third  as  great  as 
that  found  for  the  raw  mix  used  in  the  cement  industry.  In  the 
case  of  the  ores  the  potash  ranges  from  0.05  per  cent  for  Mesaba 
ores  to  over  2  per  cent  for  certain  foreign  ores.  As  the  consump- 
tion of  high  potash  ores  is  relatively  small  as  compared  with  low 
potash  ores,  the  weighted  average  of  the  potash  in  the  ores  consumed 
is  less  than  the  mean  average  found  for  different  ore  samples.  On 
the  basis  of  weighted  averages  the  total  potash  in  the  ore,  coke,  and 
limestone  used  in  blastfurnaces  amounts,  respectively ,  to  7.2.  1.9. 
and  4.9  lbs.  per  ton  of  pig  iron,  or  to  a  total  of  14.0  lbs.  The  potash 
in  the  slag  amounts  to  8.4  lbs.  which  leaves  a  balance  for  the  potash 
volatilized  of  5.6  lbs.  per  ton  of  pig  iron.  This  amounts  to  a  total 
for  all  plants  of  about  100.000  tons  annually  as  compared  with 
87.000  tons  for  the  cement  industry.  As  there  are  twice  as  many 
blast  furnaces  as  cement  plants  in  the  United  States,  the  quantity 
of  potash  lost  per  individual  plant  must  therefore  be  less  in  the  blast 
furnace  industry  than  in  the  cement  industry,  but  it  is  possible 
that  the  dust  from  some  blast  furnaces  in  which  manganiferous  or 
southern  ores  are  used  may  be  richer  than  the  richest  cement  dust. 

IN  a  previous  pubUcation"  an  account  is  given  of  a  survey 
that  was  made  of  the  potash  that  escapes  from  the 
cement  plants  of  the  country.  Representative  samples 
of  raw  mix  and  of  the  corresponding  ground  clinker  were 
collected  from  all  but  four  of  the  cement  plants  then  operat- 
ing. By  determining  the  potash  content  of  these  different 
samples  and  knowing  the  ratio  of  raw  mix  to  ground  clinker, 
it  was  possible  to  make  a  close  estimate  of  the  potash  lost 
from  each  indi\ddual  plant.     The  results  obtained  varied 

'  Presented  before  the  Division  of  Fertilizer  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10.  1921. 

2  Published  by  permission  of  the  Secretary  of  Agriculture. 

"  Analyses  by  William  Hazen,  R.  M.  Jones,  T.  R.  LeCompte,  W.  B. 
Pope  and  G.  J.  Hough. 

'  William  H.  Ross,  Albert  R.  Merz  and  C.  R.  Wagner,  "The  Recovery 
of  Potash  as  a  By-product  in  the  Cement  Industry,"  U.  S.  Dept.  Agr.,  Bull. 
672  (1917),  1. 


from  0.35  to  5.14  lbs.  of  potash  per  bbl.  of  cement  produced, 
with  an  average  for  all  plants  of  almost  2  lbs.  On  the  basis 
of  an  average  production  of  90,000,000  bbls.,  the  total  potash 
escaping  from  aU  the  cement  plants  of  this  country  was  esti- 
mated to  amount  to  about  87,000  tons  annually.  Since 
these  estimates  were  made,  installations  have  been  placed 
in  a  number  of  plants  for  the  recovery  of  this  potash,  and  in 
every  case  the  quantity  that  was  found  to  escape  from  the 
kilns  closely  agreed  with  the  estimates  that  had  been  made 
during  the  course  of  the  survey.  It  is  therefore  logical  to 
assume  the  reasonable  correctness  of  the  total  estimate  that 
was  made  for  all  the  plants  of  the  country. 

Method  of  Investigation 

On  the  completion  of  this  investigation  a  corresponding 
survey  was  undertaken  of  the  potash  that  escapes  from  the 
blast  furnaces  of  the  country.  Through  the  cooperation  of 
Mr.  Frederick  Crabtree  of  the  Bureau  of  Mines  a  systematic 
collection  was  made  of  iron  ore,  coke,  and  limestone  samples 
which  represented  the  principal  districts  now  producing 
these  materials  for  use  in  blast  furnaces.  Each  of  the  samples 
was  analyzed  for  potash  by  at  least  two  chemists.  From 
the  data  thus  obtained,  it  was  possible  to  calculate  the 
quantity  of  potash  that  was  charged  into  a  blast  furnace 
during  any  period  if  the  source  and  consumption  of  the 
materials  used  in  the  charge  were  known.  This  quantity 
less  that  which  was  lost  in  the  slag  gave  the  total  potash 
that  escapes  from  the  furnace.  Information  on  the  average 
amount  of  potash  lost  in  the  slag  was  secured  by  analyzing 
a  large  number  of  samples  collected  from  many  of  the  leading 
blast  furnaces'of  the  country. 

Results 

The  results  obtained  and  summarized  in  Tables  I  and 
II  show  that  the  potash  content  of  the  numerous  samples 
of  ore.  coke,  and  limestone  that  were  analyzed  give  a  weighted 
average  about  the  same  for  each  material,  which  amounts 
to  approximately  0.2  per  cent.     In  the  case  of  the  ores  the 
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potash  ranged  from  a  minimum  of  0.05  per  cent  for  some 
Lake  Superior  ores  to  over  2  per  cent  for  certain  foreign  ores. 
As  shown  in  Table  I,  samples  from  the  Menominee  and 
Marquette  ranges  contained  between  two  and  three  times 
as  much  iiotash  as  those  from  the  Mesaba  range.  The 
potash  in  the  ores  from  the  same  range  agreed  so  closely 
that  no  material  difference  was  found  between  the  mean  and 
weighted  averages  for  any  range.  This  close  agreement 
prevailed  both  for  Bessemer  and  non-Bessemer  ores. 

Southern  and  imported  manganiferous  ores  are  usually 
richer  in  potash  than  the  Lake  Superior  ores.  The  imported 
manganiferous  ores  vary  very  greatly  in  potash  content, 
some  being  as  low  as  those  from  the  Mesaba  range,  but  the 
average  for  these  ores  is  greater  than  for  any  of  the  domestic 
ores  excepting  those  from  the  Georgia  district. 


Table  I — 

Potash  in  Domestic  and  F 

'oREiGN  Ores 

Production  and 

Potash  (KiO) 

Importation 

Total 

Weighted 

in  1920> 

Ores 

Samples 

Average 

Source  op  Ore 

Gross  Tons 

Analyzed 

Analyzed 

Per  cent 

Mesaba  range 

36,641,880 

76 

126 

0.09 

Gogebic  range 

8,298,206 

26 

46 

0.10 

Menominee  range 

5,651,542 

26 

36 

0.28 

Marquette  range 

4,457,609 

22 

31 

0.23 

Cuyuna  range 

1,757,775 

8 

S 

0.10 

Vermillion  range 

1,053,518 

4 

9 

0.11 

Alabama 

5,894,011 

6 

,       8 

0.55 

New  York 

920,009 

3 

3 

0.10 

Virginia 

320,924 

4 

4 

0.32 

New  Mexico 

274,219 

5 

5 

0.10 

Oeorgia 

104,511 

3 

3 

0.82 

Miscellaneous 

domestic 

2,230,261 

10 

11 

0.51 

T'oreign  non- 

manganiferous 

1,273,456 

5 

6 

0.14 

l^oreign  manganif- 

erous 

600,000= 

11 

22 

0.77 

Weighted  Average  for 

All  Ores 

0.19 

'  Oeol.  Surv.,  "Mineral  Resources,' 

'  1920  (1922),  Part  I. 

2  Estimated. 

It  happens,  however,  that  the  consumption  of  southern 
.•and  manganiferous  ores  in  this  country  is  only  about  10  per 
cent  of  the  total,  while  the  production  from  the  Menominee 
and  Marquette  ranges  is  less  than  one-third  as  great  as  that 
from  the  Mesaba  range.  The  weighted  average  of  the  potash 
in  the  ores  consumed  in  this  country  is  therefore  less  than  the 
value  obtained  for  the  mean  average  of  potash  in  different 
ore  samples.  According  to  the  results  reported  in  the  De- 
partment of  Agriculture  bulletin  already  referred  to,  the 
potash  in  the  raw  mix  of  cement  plants  varied  at  the  time  of 
the  survey  from  0.2  to  1.16  per  cent,  with  a  weighted  average 
for  all  the  plants  of  0.67  per  cent.  The  average  percentage 
of  potash  in  the  raw  mix  used  in  cement  manufacture  is  there- 
fore over  three  times  as  great  as  that  occurring  in  the  raw 
materials  consumed  in  the  blast  furnace  industry. 

Table  II — E.stimated  Loss  of  Potash  in  Blast  Furnace  Industry 


Material 
Iron  ore 
Limestone 
Coke 


Consumption 

in  19201 
Short  Tons 
77,800,000 
20,000,000 
42,000,000 


Average 

Potash  (KjO) 

Content 

Per  cent 

0.19 

0.20 

0.24 


Total  Pot- 
ash (K2O) 
Content 
Short  Tons 
147,820 
40,000 
100,800 


Total  in  Charge. 288.620 


Pounds  Potash 

(KjO)  per  Ton 

of  Pig  Iron 

7.2 

1.9 

4.9 

14.0 


Pig  iron 
Slag 


Production  1920 
41,300.000 
31,000,0002 


0.56 


Total  Lost  by  Volatilization 115,020 

■  1920  (1922),  Part  I. 


8.4 
5.6 


'  Geol.  Surv.,  "Mineral  Resoiirci 
2  Estimated. 


In  an  investigation  that  was  made  .some  time  ago  by  R. 
J.  Wysor''  of  the  Bethlehem  Steel  C"o.,  it  was  reported 
that  the  jiotash  in  the  ore,  coke,  and  limestone  used  at  that 
plant  amounted,  resi)e(ttively,  to  10.3,  5.8,  and  6.3  lbs.  per 
ton  of  pig  iron,  or  to  a  total  of  22.4  lbs.  per  ton. 

'  null.  Am.  Ins!.  Mining  Eng.,  121  (1917),  1. 


The  results  given  in  Table  II,  which  have  been  obtained 
for  numerous  other  plants  throughout  the  country,  show 
corresponding  values  of  7.2,  1.9,  and  4.9  lbs.  ])er  ton  of  pig 
iron,  or  a  total  of  14.0  lbs.  The  average  potash  in  the  slags, 
on  the  other  hand,  was  found  to  be  almost  twice  as  great  as 
reported  by  Wysor  for  the  Bethlehem  Steel  Company.  It 
therefore  follows,  as  Wysor  himself  predicted,  that  the  potash 
volatilized  per  ton  of  pig  iron  must  be  less  for  the  average 
plant  than  was  found  for  the  Bethlehem  plant.  According 
to  our  results  this  amounts  to  only  5.6  lbs.  per  ton  of  iron 
as  compared  with  Wysor's  17.9  lbs. 

That  the  potash  lost  at  the  Bethlehem  plant  is  about  three 
times  greater  than  the  average  for  the  blast  furnaces  of  the 
country  as  a  whole  is  further  indicated  by  the  potash  found 
in  the  dust  collected  in  the  stoves  and  boilers  of  different 
plants.  The  average  given  by  Wysor  for  dusts  collected 
at  the  Bethlehem  plant  amounted  to  9.9  per  cent.  The 
average  value  which  we  have  found  for  the  potash  in  sixty- 
six  samples  of  dust  coDected  at  various  other  plants  amounts 
to  only  3.3  per  cent,  or  one-third  of  that  for  the  Bethlehem 
plant. 

If  our  value  of  5.6  lbs.  be  taken  as  the  average  quantity 
of  potash  volatilized  jjer  ton  of  pig  iron  and  an  average  normal 
production  of  iron  of  36,000,000  short  tons  be  assumed, 
then  the  total  potash  volatilized  from  the  blast  furnaces  of 
this  country  will  amount  to  about  100,000  tons,  as  compared 
with  the  87,000  tons  found  for  cement  plants.  As  there 
are  twice  as  many  blast  furnace  plants  as  cement  plant.^  in 
the  United  States  the  quantity  of  potash  lost  per  individual 
plant  must  therefore  be  less  in  the  blast  furnace  industry 
than  in  the  cement  industry. 

Possibility  of  Recovery 

Wlien  the  survey  was  made  of  the  cement  industry  it  was 
recognized  that  the  dust  from  some  plants  was  probably 
too  low  grade  ever  to  be  used  as  a  source  of  potash  exen  if 
no  cost  were  involved  in  collecting  the  dust.  The  richness 
of  the  dust  in  other  plants  indicated,  on  the  other  hand, 
that  potash  could  be  profitably  recovered  from  this  source, 
particularly  if  some  inexpensive  means  were  installed  along 
the  lines  of  the  process  now  in  operation  at  the  Santa  Crux 
plant  whereby  a  mechanical  separation  of  the  potash  antl 
the  dust  is  brought  about  during  the  process  of  collection. 

In  the  blast  furnace  industry  the  greater  part  of  the  vola- 
tilized dust  is  now  lost  in  the  primary  washers.  The  possible 
recovery  of  dust  in  this  industry  is  therefore  dependent  on 
the  substitution  of  a  dry  system  of  purifying  the  gases  in 
place  of  the  present  wet  system.  Judging  from  results  that 
have  already  been  obtained  in  several  plants  with  two  dry 
cleaning  systems  of  entirely  different  design  it  is  possible 
that  a  substitution  of  a  dry  system  for  the  present  wet  sys- 
tem may  ultimately  be  made*  in  many  blast  furnace  jjlauts. 
Owing  to  the  low  potash  content  of  the  materials  used  in 
some  plants  it  will  no  doubt  be  found  that  the  dust  from  these 
plants  if  collected  will  be  too  low  grade  to  be  used  as  a  source 
of  potash  unless  it  is  found  to  contain  other  products  of  xaXxk 
which  will  contribute  to  the  cost  of  concentrating  the  potash. 
The  situation  with  respect  to  plants  operating  on  mangan- 
iferous, southern,  or  Menominee  ores  should  be  entirel.y  dilfer- 
ent.  Owing  to  the  richness  of  these  ores  it  is  possible  that 
the  dust  from  these  jilants  will  be  found  to  l)e  richer  than 
the  richest  cement  dust. 

It  may  further  be  emphasized  that  if  dry  systems  are 
eventually  installed  for  purifying  blast  furnace  gases  the 
collected  dust,  although  possibly  not  extensively  used  as  a 
source  of  ijotash  under  normal  conditions,  might  nevertheless 
serve  as  an  imiioftant  potential  source  of  i)()tash  which  would 
be  immediately  available  in  case  of  a  future  emergemv. 
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Tests  of  an  Iodine  Pentoxide  Indicator  for  Carbon  Monoxide" 

By  S.  H.  Katz=  and  J.  J.  Bloomfield< 

Chemical   Division,   Pittsburgh   Experiment   Station,   Bureau   of  Mines,  Pittsburgh,  Pa. 


The  "Hoolamile"  or  activated  iodine  pentoxide  indicator  for 
carbon  monoxide  *  is  frequently  used  by  engineers  of  the  Bureau  of 
Mines  engaged  in  mine-rescue  and  recovery  operations.  The 
tests  described  in  this  paper  were  made  to  determine  its  accuracy. 

The  indicator  gioes  positive  indications  for  carbon  monoxide 
in  air  in  concentrations  of  0.07  per  cent  or  more.  In  a  few  instances 
there  were  no  indications  with  0.07  and  0.08  per  cent.  No  failures 
to  indicate  occurred  at  higher  concentrations.  Two  tests  with  0.10 
per  cent  CO  in  air  indicated  O.IO  and  0.05  per  cent;  eight  tests  with 
0.15  per  cent  gas  gave  determinations  ranging  from  0.10  to  0.23 
per  cent,  with  an  average  of  0.16.  At  higher  concentrations  the 
variations  were  proportionally  about  the  same. 

The  results  of  tests  with  air  containing  wood  smol^e  and  with 
flue  gases  averaged  a  little  high.  Low  oxygen  or  high  carbon  dioxide 
in  the  gas  tested  did  not  decrease  the  action  of  the  Hoolamite. 

No  differences  were  found  in  tests  made  at  ordinary  or  freezing 
temperatures,  in  daylight,  or  in  artificial  light. 

Acetylene,  alcohol,  ammonia,  benzene,  ether,  ethylene,  gasoline, 
hydrogen  chloride,  hydrogen  sulfide,  natural  gas  containing  members 
higher  than  methane,  and  water  produce  interfering  effects  if  allowed 
o  enter  the  sensitive  material.  When  the  gases  are  first  passed 
through  the  fresh  activated  charcoal,  interfering  substances  are 
absorbed  and  no  error  results  from  their  presence.  Carbon  dioxide, 
carbon  tetrachloride,  chlorine,  methane,  nitrogen  peroxide,  phosgene, 
and  sulfur  dioxide  do  not  interfere. 

Determinations  of  carbon  monoxide  are  easily  made  in  less  than 
one  minute,  and  no  skill  is  required.  Only  one  person  in  thirty 
has  been  found  to  have  difficulty  in  determining  the  color  shades. 
The  instrument  is  proving  a  valuable  aid  in  mine-rescue  and  re- 
covery operations  after  fires  and  explosions,  and  for  testing  air 
around  blast  furnaces,  gas  producers,  water-gas  and  coal-gas  plants, 
and  other  places  where  carbon  monoxide  occurs.  It  also  may  be 
used  to  promote  furnace  economy  by  indicating  carbon  monoxide 
in  flue  gases. 

HOOLAMITE  is  a  mixture  of  iodine  pentoxide  and  fum- 
ing sulfuric  acid  on  granular  pumice  stone.  In 
contact  with  carbon  monoxide,  it  changes — owing 
to  the  liberation  of  iodine — from  the  original  white  to  increas- 
ing depths  of  bluish  green,  then  \nolet-brown,  and  finally 
black,  depending  upon  the  concentration  of  carbon  mon- 
oxide. 

The  indicator  (Type  B,  Figs.  1  and  2,  in  article  by  Hoover  *) 
consists  of  a  tube  of  activated  charcoal,  through  which  gas 
is  dra'CTTi  by  means  of  a  rubber  hand  bulb.  It  then  discharges 
through  a  small  glass  tube  containing  Hoolamite.  The  char- 
coal removes  any  gas  other  than  carbon  monoxide  which 
may-  produce  a  false  test,  unless  it  is  present  in  large  quantity. 
Interfering  dusts  and  mists  are  stopped  by  cotton-wool 
filters,  after  the  charcoal  and  before  the  Hoolamite.  Five 
permanent  colors  on  pumice  stone  are  placed  for  comparison 
in  a  sealed  glass  tube  alongside  the  Hoolamite. 

According  to  the  patents, «  Hoolamite  may  consist  of: 
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Iodine  pentoxide,  10  parts 

Fuming  sulfuric  acid,  50  parts  (60  per  cent  SOa) 

Pumice  granules,  30  parts  (20  to  40  mesh) 


Fuming  sulfuric  acid,  50  ; 
Pumice  granules,  30  parti. 
Iodine,  0.25  to  2  per  cent 


Per  cent 

11 

55 

33 

0.25  to  2 


A  larger  proportion  of  fuming  acid  is  claimed  to  increase 
the  sensitivity,  and  the  iodine  is  added  for  the  same  purpose. 

Analysis"  of  some  of  the  material  used  in  these  tests  gave 
12.29  per  cent  iodine  pentoxide,  51.89  per  cent  fuming 
sulfuric  acid  (47  per  cent  SO3),  and  35.82  per  cent  pumice 
granules.    No  free  iodine  was  detected. 

Since  moisture  causes  deterioration  of  the  Hoolamite, 
it  is  put  up  in  smaU  glass  tubes  tapered  at  the  ends  and  sealed. 
The  tips  are  easily  broken  open  with  the  fingers. 

In  using  the  detector,  the  bulb  is  squeezed  three  times, 
the  tube  of  Hoolamite  is  inserted,  the  bulb  is  squeezed  10 
times  more  (10  squeezes  of  the  bulb  deliver  350  =t  50  cc. 
of  gas),  and  the  carbon  monoxide  is  estimated.  Should 
the  color  be  indistinct,  20  squeezes  are  advisable.  The  car- 
bon monoxide  is  then  placed  at  half  the  corresponding 
shade  for  10  squeezes. 

Tests  for  CO  in  Air 

Table  I  gives  the  results  of  tests  with  CO-air  mixtures. 
Fig.  1  shows  the  averages  of  determinations,  compared 
grapliically  with  results  of  Haldane  analyses. 

Less  than  0.07  per  cent  of  CO  in  air  gave  no  noticeable 
color  change;  in  a  few  instances  there  was  no  indication  with 
0.07  or  even  0.08  per  cent,  but  no  failures  to  indicate  were 
found  in  concentrations  higher  than  these.  Of  two  tests 
with  0.10  per  cent  CO,  one  indicated  only  0.05  per  cent. 
Eight  tests  with  0.15  per  cent  gave  determinations  ranging 
from  0.10  to  0.23  per  cent.  At  higher  concentrations 
the  deviations  were  proportionally  about  the  same  as 
those  mentioned.      The  averages  of  several  determinations 
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Indicator  Compared  to  Analyses  with  Haldane  Apparatus 
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Table  I — Results  op  Determinations  of  CO  in  Air 
(COj  contents  approximately  one-fifth  those  of  CO.     Bulb  squeezed  10  times  unless  otherwise  stated) 


CO  by      CO  by 
Haldane       Indi- 
Test  Analysis      cator   Observer 
No.  Per  cent  Per  cent     No. 


18 
19 
20 
57 
58 
59 
60 
61 
15 
16 
17 
25 
26 
27 
62 
66 
63 
67 
83 
84 
85 
86 
87 


49 
50 
51 
52 
53 
54 
55 
56 
40 
41 
12 
13 
14 
79 
80 


0.02 
0.02 
0.02 
0.05 
0.05 
0.05 
0.06 
O.OB 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 


64  0 . 09 

68  0.09 

65  0.10 

69  0.10 


0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.22 
0.22 
0.23 
0.23 
0.23 
0.28 
0.28 


0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0,00 
0.00 

0.10 

0.00 
0.10 
0.11 
0.11 
0.09 
0.05 
0.00 
0.09 
0.00 
0.10 
0.10 
0.10 
0.08 
0.05 
0.04 

0.075 

0.05 

0.12 

0.05 

0.10 

0.16 

0.10 

0.23 

0.23 

0.16 

0.16 

0.10 

0.45 

0.45 

0.23 

0.23 

0.23 

0.34 

0.34 


3 

10 

3 

3 

7 

3 

3 

17 

10 

11 

3 

3 

7 

3 

10 

16 

3 

16 

7 

4 

4 

9 

3 

4 

4 
3 
15 
4 
3 
4 
4 
3 
4 
7 
5 
5 
3 
3 
5 
4 
3 
4 
4 


20  squeezes 
I  20  squeezes 


'20  squeezes 

Av.  8  tests  =  0.07  per  cent 
20  squeezes 


JTest  at  0°  C. 


20  squeezes 

20  squeezes,  test  at  CfC. 

Av.  8  tests  =  0.07  per  cent 

20  squeezes 

Av.  2  tests  =  0.06  per  cent 

20  squeezes 

Av.  2  tests  =  0.09  per  cent 


1 

VTest  made  in  artificial  light 

Av.  8  tests  =  0.16  per  cent 
I  Old  tubes  from  Chemical  Warfare  Service 


Av.  3  tests  =  0.23  per  cent 


CO  by      CO  by 
Haldane      Indi- 
Test  Analysis      cator    Observer 
No.  Per  cent  Per  cent      No. 


81 

82 

9 
10 
11 
32 
33 

28 
29 
38 
39 

75 
76 
77 
78 

6 
7 
8 

36 
37 

72 
73 

74 

21 
22 

23 

24 

34 
35 

3 
4 
5 

30 
31 

1 

2 


0.28 
0.28 

0.30 

0.30 

0.30, 

0.30 

0.30 

0,56 
0.56 
0.56 
0.56 

0.64 
0.64 
0.64 
0.64 

0.84 
0.84 
0.84 

0.95 
0.95 

0.97 
0.97 
0.97 

1.06 
1.06 


,26 
,26 

,42 
,42 

,49 
49 

,49 

,51 
,51 

,91 
,91 


0.23 
0.16 

0.23 
0.34 
0.34 
0.23 
0.34 

0.23 
0,34 
1,80 
0.68 

0.45 
0.45 
0.68 
0.68 

0,45 
0,68 
0,68 

0,90 
0,90 


,44 
,80 
,62 

,08 
.08 


1.26 
1.26 

0.45 
0.68 

1.35 
1,35 
1,35 

2,06 
2,06 

1.35 

2,06 


I  I  Test  at  0°  C. 


Remarks 


3 

10 
3 


Av.  4  tests  =  0.27  per  cent 


14  )  Tube  used  day  previous,  rubber  capped  24  hrs. 
Av.  5  tests  =  0.30  percent 


3 
3 
3 
3 

3 
3 
3 

16 

-  7 

3 


Old  tubes  from  ChemicaliWarfare  Service 
Av.  4  tests  =  0.76'per  cent 

Test  at  0°  C. 

Av.  4  tests  =  0.57  per  cent 


Av.  of  3  tests  =  0.60  per  cent 
i  [  Tube  used  day  previous,  rubber  capped  24  hrs. 


3 

4 
4 

7 
3 

3 
13 

4 
3 

1, 
3 
5 


TestatO^C. 

Av.  3  tests  =  1,44  per  cent 


I  Tubes  used  previous  day,  rubber  capped  24  hrs. 
Av.  2  tests  =  0.57  per  cent 


Av.  3  tests  =  1 .  35  per  cent 
2  I  Old  tubes  from  Chemical  Warfare  Service 


3 
14 


A  v.  2  tests  =  1 .  72  per  cent 


with  newly  opened  tubes,  as  shown  in  Fig.  1,  in  general 
were  closely  correct;  the  greatest  deviation  was  in  the  case 
where  three  tests  with  0.97  per  cent  carbon  monoxide 
gave  an  average  indication  of  1.62  per  cent. 

The  data  ia  Table  I  were  obtained  in  many  instances  with 
tubes  used  repeatedly  after  fading  from  previous  use.  Used 
tubes  were  apparently  as  good  for  six  or  eight  determinations 
as  fresh  ones,  but  thereafter  the  absorbed  water  showed  a 
distinct  darkening  at  the  inlet  end.  Tubes  that  after  use 
had  been  kept  over  night,  capped  with  tight  rubber  caps, 
generally  were  found  to  give  accurate  determinations,  but 
in  one  instance  results  were  too  low.  Tubes  that  had  been 
kept  capped  a  week  lost  much  sensitivity. 

Tests  indicated  by  crosses  in  Fig.  1  were  made  with  a 
few  old  tubes  that  had  been  prepared  by  the  Chemical  War- 
fare Service  three  years  before.  Results  were  less  uniform, 
though  generally  their  sensitivity  was  higher  than  that  of  the 
tubes  now  made  commercially. 

Tests  at  freezing  temperature  and  those  made  in  arti- 
ficial light  were  as  accurate  as  those  made  under  ordinary 
conditions.  None  of  the  twenty-six  persons  who  made  tests 
had  any  difficulty  in  distinguishing  the  shades,  though  it 
has  been  stated  that  one  man  could  distinguish  no  color  for 
carbon  monoxide  below  0.20  per  cent.* 

Tests  for  CO  in  Smoke 

Since  gases,  vapors,  and  smoke  from  fires  may  contain 
many  organic  compound.s  which  can  produce  the  colors, 
a  test  was  made  of  the  instrument  for  determining  carbon 
monoxide  in  wood  smoke.  The  smoke  was  so  dense  that 
it  was  impossible  to  see  more  than  two  feet  through  it. 

B  D.  Harrington  and  B.  W.  Dyer,  "Test  of  a  Carbon  Monoxide  De- 
tector Which  Shows  Green  When  That  Gas  Is  Present,  CooMje,  19  (1921), 
269. 


Two  Haldane  analyses  showed  0 .  29  per  cent  carbon  monoxide, 
while  the  indicator  gave  the  following  results: 


observer  No. 
Estimated  CO,  per  cent 
Average 


3  7       16       12       12         8         2 

0.34  0.23  0.45  0.45  0.45  0.45  0.34 
0.39 


The  average  of  0 ,  39  per  cent  is  0. 10  per  cent  more  than  the 
Haldane  analysis,  but  the  difference  is  not  much  larger  than 
shown  by  some  of  the  previous  tests.  All  observers  deter- 
mined the  concentrations  as  within  the  two  near  shades  of 
the  scale  used. 

Tests  with  Flue  Gases 

Flue  gas  diEfers  from  those  preceding  in  that  it  contains 
comparatively  high  proportions  of  carbon  dioxide  and  low 
oxygen;  in  the  previous  tests,  the  oxygen  was  high  and  car- 
bon dioxide  low.  The  gases  tested  below  were  taken  from  the 
breaching  of  a  boiler  furnace.  Some  carbon  monoxide  was 
added  to  one  sample  in  order  to  give  higher  percentage  than 
the  furnace  delivered.  An  analysis  by  the  Haldane  appa- 
ratus gave  0.01  per  cent  CO,  7.98  "per  cent  CO2,  10,98 
per  cent  O2,  and  81 ,  03  per  cent  N2.  Results  by  the  in- 
dicator were: 


Observer  No. 

3 

16 

3 

9 

Squeezes 

10 

10 

20 

20 

Analysis  by  indicator. 

per  cent 

0.00 

0.00 

0.05 

0.05 

AVBRAOE 

0.025 

In  another  test,  the  Haldane  apparatus  gave  0 .  22  per  cent 
CO,  5.41  pcj  cent  CO;,  13.66  per  cent  O2,  and  80.71  per 
cent  N2,  and  results  by  the  indicator  were: 


Observer  No. 

3         4        18       20       22       19       23       21       24 

Squeezes 

10       10       10       10       10       10       10       10       10 

Analysis  by  indicator. 

per  cent 

0.34  0.34  0,23  0.34  0.23  0.34  0.23  0.23  0.23 

AvBRAOE 

0.28 
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The  first  Q:as  with  0.01  per  cent  carbon  monoxide  gave 
tests  ■with  twenty  squeezes  which  two  observers  considered 
positive,  but  less  in  color  than  the  lowest  shade  of  the  scale. 
None  of  the  pre\dous  tests  gave  positive  indications  with  less 
than  0.07  per  cent  carbon  monoxide.  Tests  with  0.22  per 
cent  carbon  monoxide  ranged  from  0.23  to  0.34  per  cent 
by  the  indicator;  the  average  of  0.28  per  cent  may  be  con- 
sidered satisfactory  agreement. 

Since  flue  gas  containing  very  low  oxygen  was  not  avail- 
able, synthetic  mixtures  of  carbon  monoxide  with  carbon 
dioxide  and  with  nitrogen  were  tested.     Results  are: 

Analysis  by  Haldane 

apparatus,  per  cent       CO;,  93.29  CO,  0.22         O.,  1.49         Nj,  5 

Observer  No.  3              25              16              20                4              26 

Squeezes  10              10              10              10              10              10 
Analysis  by  indicator, 

percent  0.28         0.23         0.28         0,23         0.34         0.23 

Average,  Per  cent  0.27 

Analysis  by  Haldane 

apparatus,  per  cent  CO2,  1.02        CO,  0.11        Oi,  5.78       Ni,  93.09 

Observer  No.  3              16                9              20                4              23     . 

Squeezes  10              10              10              10              10              10 
Analysis  by  indicator, 

percent  0.16         0.16         0.20         0.23         0.16         0.16 

Average,  Per  CENT  0.18 

The  determinations  are  higher  on  the  average  than  those 
made  with  air  containing  similar  quantities  of  carbon  mon- 
oxide; however,  the  errors  are  not  excessive.  These  tests 
show  especially  that  low  content  of  oxygen  in  the  gas  does 
not  reduce  the  action. 

Tests  in  Mines 

Harrington  and  Dyer'  tested  for  carbon  monoxide  in 
burning  coal  and  metal  mines,  at  the  same  time  taking 
samples  of  the  atmosphere  which  were  later  analyzed  on 
Haldane  apparatus.    Their  results  are  given  in  Table  II. 

Table  II — Results  of  Determinations  of  Carbon  Monoxide  in  Burning 

Mines 


CO 

CO 

by  Indicator 

by  Haldane  Apparatus 

Per  cent 

Per  cent 

Tesis  Made  in 

Metal  Mine 

0.5 

0.35 

0.5 

0.26 

0.5 

0.35 

0.5 

0.38 

0.1 

0.11 

0.1 

O.IS 

0.0 

0.07 

0.0 

0.06 

Tests  Made  in  Coal  Mine 

0.0  0.01 

0.0  0.03 

■    0.1  0.13 

0.2  0.11 

One  man  of  four  who  made  the  observations  was  unable 
to  agree  with  the  others  regarding  colors,  and  could  see  no 
color  developed  in  carbon  monoxide  that  indicated  0.20 
per  cent  or  less.  This  is  the  only  instance  among  observa- 
tions by  a  total  of  thirty  persons,  reported  in  this  paper, 
in  which  material  differences  in  observations  have  occurred. 

It  is  evident  that  among  the  results  in  Table  II,  no  at- 
tempt was  made  to  interpolate  between  the  divisions  of  the 
scale;  however,  the  results  compare  favorably  with  those 
made  in  the  laboratory  under  best  conditions  for  observation. 

Interfering  Gases 

Tests  were  made  to  determine  whether  oxidizable  or 
strongly  reactive  gases  and  vapors,  other  than  carbon  monox- 
ide, affect  Hoolamite.  In  most  cases,  concentrations  of  the 
gases  were  not  actually  determined,  the  tests  being  made 
with  air  mixed  with  the  gas  near  the  source  of  liberation 
from  a  tank  or  evolution  by  chemical  reaction.    Vapors 


were  taken  from  within  the  necks  of  bottles  containing 
liquids.  Trials  were  made  with  and  without  the  charcoal 
guard. 

Acetylene,  alcohol,  ammonia,  benzene,  ether,  ethylene, 
gasohne,  hydrogen  chloride,  hydrogen  sulfide,  and  natural 
gas  containing  some  higher  hydrocarbons,  colored, the  Hool- 
amite; when  the  charcoal  was  interposed  between  the 
Hoolamite  and  source  of  gas,  no  colors  developed.  In  their 
patent  specifications,  Lamb  and  Hoover  say  that  phosphine 
and  arsine  produce  color. 

Carbon  dioxide,  carbon  tetrachloride,  chlorine,  hydrogen, 
methane,  nitrogen  peroxide,  phosgene,  and  sulfur  dioxide 
gave  no  interference. 

Of  the  organic  compounds  capable  of  oxidation,  all  ex- 
cept methane,  which  is  most  stable  generally,  acted  on  the 
Hoolamite.  The  noninterference  of  methane  was  to  be 
desired  because  of  its  presence  in  mine  atmospheres,  and  in 
products  of  combustion  in  which  tests  for  carbon  monoxide 
are  frequently  made.  While  the  tests  proved  that  paraffin 
hydrocarbons  higher  than  methane  are  reactive,  they  do 
not  determine  whether  the  reaction  starts  'nith  ethane, 
propane,  or  butane.  From  the  results  it  may  be  expected 
that  all  other  organic  gases  or  vapors  of  the  aliphatic  and 
aromatic  series,  when  sufficiently  concentrated,  wiU  inter- 
fere with  tests  if  allowed  to  enter  the  Hoolamite,  but  fresh 
activated  charcoal  prevents  interference.  Of  the  inorganic 
gases  and  vapors,  ammonia,  hydrogen  sulfide,  and  hydrogen 
chloride  gave  interferences  when  charcoal  was  absent. 

The  results  show  that  Hoolamite  may  be  adapted  for  de- 
termining many  gases  and  vapors  besides  carbon  monoxide. 

To  determine  how  long  a  25-cc.  charge  of  activated  char- 
coal would  restrain  interfering  gases,  charges  were  tested 
by  passing  a  uniform  mixture  of  hydrogen  sulfide  and  air 
through  the  charcoal  until  hydrogen  sulfide  appeared  in 
the  outgoing  gas,  as  indicated  by  decoloriz.ition  of  a  starch 
iodine  solution.  Concentration  of  hydrogen  sulfide  in  air  was 
0.10  per  cent,  and  the  rate  of  flow,  1  liter  per  min.,  cor- 
responding roughly  to  the  rate  when  using  the  indicator. 
Methods  of  controlhng  the  concentration  and  flow  were 
those  used  in  testing  gas-mask  canisters.' 

The  charge  withheld  all  the  hydrogen  sulfide  for  100  min., 
that  is,  from  100  liters  of  the  gas  mix'ture.  Thus  a  charge 
of  charcoal  is  good  for  at  least  one  hundred  tests. 

Similar  life  tests  of  charcoal  were  made  with  natural 
gas  mixed  with  air  in  different  proportions;  at  least  9  per 
cent  by  volume  of  the  natural  gas  in  air  was  required  to  give 
a  positive  indication  even  without  charcoal.  ^Vllen  charcoal 
was  interposed  before  the  Hoolamite  and  1.5  per  cent  natural 
gas  in  air  was  passed  through  it  at  a  rate  of  1  liter  per 
min.,  no  coloration  of  Hoolamite  developed  in  1  hr.  When 
pure  natural  gas  was  passed  through  charcoal  at  the  same 
rate,  color  developed  in  Hoolamite  after  12  min.,  although 
combustible  gas  came  through  the  charcoal  during  the  whole 
period. 

'  A.  C.  Fieldner,  G.  G.  Oberfell,  M.  C.  Teague    and  J.  N.  Lawrence, 
This  Journal,  11  (1919),  519. 


Wrought  Iron  Pipe 

A  bulletin  which  has  been  issued  by  the  Reading  Iron  Com- 
pany combines  advertising  with  much  useful  and  interesting 
information.  There  is  a  very  readable  sketch  of  the  develop- 
ment of  the  wrought  iron  industry  from  the  time  when  the  sav- 
age tirst  discovered  the  possibility  of  beating  out  weapons 
stronger  than  wood  and  less  cumbersome  than  stone.  The  pud- 
dling process  is  described  in  detail  and  illustrated  with  diagrams 
and  photographs,  as  are  also  the  later  steps  in  the  manufacture 
of  wrought  iron  pipe.  The  requisites  of  a  metal  pipe  are  dis- 
cussed, together  with  the  relative  value  of  steel  and  wrought 
iron  in  making  welded  pipe. 
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New  Solvents  for  Rosin  Extraction' 

By  H.  K.  Benson'  and  A.  L.  Bennett 

Laboratory  of  Industrial  Chemistry,  University  op  Washington,  Seattle,  Washington 


When  resinous  wood  of  pulp  size  is  treated  at  70°  C.  with  eight 
times  its  weight  of  5  per  cent  ammonium  hydroxide  for  10  hrs., 
94.5  per  cent  of  the  rosin  is  extracted.  The  ammonia  extract  de- 
composes slowly  in  the  air  at  ordinary  temperatures:  at  90°  to  100° 
C.  it  is  rapidly  and  completely  decomposed,  yielding  ammonia 
vapor  and  finely  divided  rosin  and  humus  in  suspension.  Rosin 
and  humus  may  be  separated  by  gasoline.  None  of  the  solvent 
is  retained  in  the  humus  after  heating. 

Wood  chips  saturated  with  ammonia  solution  give  off  the  ammonia 
completely  when  steam-distilled. 

Denatured  ethyl  alcohol  at  a  dilution  of  70  per  cent  is  as  efficient 
a  solvent  for  rosin  as  ammonia,  benzene,  turpentine  or  petroleum 
ether. 

THE  use  of  ammonia  as  a  solvent  for  rosin  has  been 
described  in  a  pre\dous  article,'  the  resinous  wood 
having  been  reduced  to  sawdust,  shavings,  and  small 
chips  previous  to  its  extraction.  In  view  of  the  rapidly  in- 
creasing proportion  of  coniferous  woods  in  pulp  manufacture 
it  seemed  advisable  to  determine  the  efficiency  of  ammonia 
as  an  extraction  agent  in  the  case  of  pulp  chips  and  to  compare 
it  with  other  solvents  which  might  be  used. 

EXPEBIMENTAL 

The  resinous  wood  was  hogged  to  pulp  size  (1-1/8  in.  X 
3/4  in.  X  3/32  in.),  placed  in  pressure  bottles,  covered  with 
the  solvents,  and  placed  in  a  thermostat  at  70°  C.  for  5  hrs. 
The  extraction  liquor  was  next  drained  off,  the  chips  washed, 
and  the  combined  Uquors  evaporated  until  all  solvent  was 
removed,  leaving  "humus"  and  rosin  in  the  case  of  ammoni- 
acal  extraction  and  rosin  alone  in  the  other  samples.  The 
humus  and  rosin  were  separated  by  dissolving  the  rosin  in 
petroleum  ether,  filtering  off  the  humus,  and  evaporating 
to  dryness  to  recover  the  rosin.  The  efficiency  of  extraction 
was  determined  by  drying  the  extracted  wood  at  100°  C, 
grinding  it  to  fineness  in  a  Grumbaugh  mill,  and  extracting 
in  a  Soxhlet  apparatus.  The  results  obtained  are  given  in 
Table  I.    A  50-g.  sample  was  used  in  each  case. 


Table  II — Effect  of  Time  and  Size  op  Wood  on  Extraction 


Table  I— 

-Comparative  Efpiciency 

OP  Rosin 
Ex- 
traction 

Solvents 

Effi- 

EXPT. 

Volume 

' Washing — 

-  of  Rosin 

Soxhlet 

ciency 

No. 

Solvent 

Cc. 

Cc. 

Per  cent 

Per  cent  Per  cent  Per  cent 

1 

Turpentine 

200 

50 

20.10 

24.35 

45.2 

2 

Benzene 

200 

50 

17.86 

26.85 

40.0 

3 

Petroleum 

ether 

200 

50 

17.01 

21,25 

44.4 

4 

Ammonium 

hydroxide 

400 

200 

1 

16  51 

20.13 

45,0 

5 

Ammonium 

hydroxide 

400 

200 

1 

17.00 

25.05 

40.5 

6 

88%  alcohol 

200 

.TO 

88 

15.46 

22.60 

40.3 

7 

70%  alcohol 

200 

50 

70 

16.52 

22.05 

42.8 

8 

50%  alcohol 

200 

50 

50 

14.71 

27.60 

34.7 

The  effect  of  length  of  time  and  size  of  wood  on  extraction 
of  rosin  is  given  in  Table  II.  The  volume  of  alcohol  used 
was  200  cc.  and  of  ammonium  hydroxiilc  400  cc.  in  each  case, 
the  chips  being  washed  as  before. 

DFX'OMPGSiTiGN  OF  AMMONIA  EXTitACTS — When  the  Solu- 
tions obtained  from  the  ammonia  extraction  were  left  stand- 
ing in  the  air,  the  cf)lor  changed  from  a  light  cream  to  dark 
brown.  By  raising  the  tciiipcrature  evenly  at  the  rate  of 
5°  C.  every  half  hour  and  absorliing  the  ammonia  in  wash 
bottles,  the  quantity  of  aninjonia  given  off  was  estimated. 

'  Received  August  4,  1921. 

^  Professor  of  Chemical  Engineering. 

'  This  Journal,  7  C1915),  918. 


Solvent 

Concen- 
tration 
(Percent       Size  of  Wood 
Volume)              Inches 

Time 
Hrs. 

Extraction 
of  Rosin 
Per  cent 

Soxhlet 
Percent 

Efficiency 
Per  cent 

Alcohol 

88 
70 
50 

1  X  1/8  X  1/8 
1  X  1/8  X  1/8 
1  X  1/8  Xl/8 

5 
5 
5 

26.40 
31.96 
17.41 

13.8 

12.8 
21.8 

65.7 
71,7 
44.5 

.Ammonium 

hydroxide         5 

5 
5 

1  X  1/8  X  1/8               5 
1-1/8  X  3/4  X  3/32      5 
1  X  l,/8  X  1/8               10 
1-1/8  X  3/4  X  3/32  10 

32.2 
30.1 
25.65 
28.89 

6.1 

8.2 
1.6 
5.8 

83.9 
78.5 
94.5 
83.3 

The  results  are  plotted  against  the  temperature  in  Fig.  1. 
Rapid  decomposition  took  place  at  93°  to  100°  C.  When 
slowly  heated,  ammonia  was  not  given  off  below  80°  C. 
and  at  100°  C.  none  remained. 


Fig.  1 


Fig.  2 


LOSS  OF  SOLVENTS  IN  HUMUS — The  extraction  residue 
after  the  ammonia  had  been  driven  off  consisted  of  rosin 
and  humus  of  tar-Uke  consistency.  Wlien  treated  with 
gasoUne,  benzene,  or  some  similar  solvent  the  rosin  dissolved, 
leaving  the  humus  as  a  residue.  This  was  removed  by  fil- 
tration and  dried  to  a  fine  powder.  Humus  in  the  dry  state 
was  saturated  with  solvent ;  after  draining  off  the  latter, 
the  bottle  containing  the  humus  with  adhering  solvent  was 
weighed  to  determine  the  weight  of  solvent  absorbed.  It 
was  next  heated  in  an  oven  at  100°  C.  for  10  min.;  then 
allowed  to  cool  in  a  desiccator  containing  an  atmosphere  of 
vapor  of  the  solvent  used,  and  weighed.  From  a  succession 
of  such  weighings,  the  rate  and  exigent  of  removal  of  solvent 
from  the  humus  were  determined.  The  results  in  the  case 
of  gasoline  are  shown  in  Fig.  2.  The  gasoline  used  for  this 
purpose  showed  by  the  Bureau  of  Standards  method  of 
analysis  that  44  per  cent  was  volatile  at  100°  C.  or  below. 
Inasmuch  as  the  curve  shows  likewise  that  44  per  cent  of 
the  gasoline  is  volatilized  by  heating  the  humus  for  50  min. 
at  100°  C.  none  of  the  solvent  was  retained  by  the  humus. 

AMMONIA  RECOVERY — Thc  liquor  from  an  ammonia  ex- 
traction was  distilled  slowly  and  the  vajjors  absorbed  in 
1 : 3  sulfuric  acid.  The  waste  liquor  was  treated  in  the  same 
manner.  Thc  extracted  wood  chips  were  steam-distilled 
and  the  condensate  redistilled  and  absorbed  in  acid.  The 
results,  given  in  Table  III,  show  that  although  3.12  per  cent 
ammonia  remains  in  the  wood,  it  can  be  completely  recovered. 


308                               THE  JOURNAL  OF  INDUSTRIAL  ^ND  ENGINEERING  CHEMISTRY              Vol.  14,  No.  4 

TAB..I!  iii-ammonia  recovery       ^^^^^  itg  recovery  would  utUize  the  same  methods  and  equipment 

Ammonia  Used                     Grams  as  are  employed  in  its  production. 

400cc.o%  ammonium  hydroxide 20  Although  HO  BxtrEctions  Were  made  by  emplo\ine  other 

200  cc.  2.5%  ammonium  hydroxide 5  ,,     ,.            ,     ..                   i                j-                 i         /      •          ,       ,         ■, 

—  alkaline  solutions,  such  as  sodium  and  potassium  hj^droxides, 

^"''*'- ^■''  the  results  of  commercial  practice  in  the  soda  process  of 

Ammonia  Recovered  pulp   manufacture   from   resinous   woods   show   practically 

washliq'uor"!^::'!!!';!!!!!!!!'!'!!!!;!!!^;;!!"^!;!!  complete  removal  of  rosin.    Similar  results  were  obtained 

Wood  (steam  distillate) 0.78  by  Bates,^  showing  that  the  efficiency  of  rosin  extraction 

Total 24.92  ■^^^th  sodium  hydroxide  in  the  case  of  resinous  pine  is  95  to 

97  per  cent  where  the  chips  are  thoroughly  washed.    Its 

Discussion  of  Experimental  Results  disadvantage  as  a  purely  rosin  solvent  Ues  in  the  difficulty 

The  results  obtained  from  the  first  series  of  extractions  "^  recovering  rosin  from  the  soda  Uquor.    This  is  obviated 

(Table  I)  show  that  under  the  conditions  of  these  tests  am-  ^y  the  use  of  ammoma  because  of  the  ease  with  which  the 

monia  is  not  an  efficient  solvent  for  rosin  contained  in  wood  ammonium  product  is  decomposed  by  heat,  and  the  rosm 

chips  of  pulp  size.    Inasmuch  as  the  temperature  of  ex-  subsequently  recovered. 

traction  cannot  be  increased  and  pre^^ous  studies  have  shown  ^  Objections  to  the  use  of  ammoma  as  a  solvent  for  rosm 

that  increasing  concentration  is  no  aid,  increase  of  time  is  have  been  made  on  account  of  the  necessary  use  of  gasohne 

the  only  variable  factor.     .\s  sho^v-n  in  Table  II,  by  doubhng  ^o'-  the  separation  of  humus  from  the  rosin  and  on  account 

the  time  of  digestion  the  larger  chips  may  be  extracted  as  "J  ^'^e  retention  of  ammoma  in  the  chips.    The  analytical 

completely  as  the  smaUer  size.                     "  ^^ta  in  this  study  show  that  the  humus    relatively  smaU 

A  comparison  in  the  efficiency  of  various  solvents  under  J°  quantity,  does  not  retain  any  appreciable  quantity  of  a 

the  same  conditions  shows  that  70  per  cent  denatured  alcohol  1°^'  foiling  solvent,  and  that  steam  distiUation  will  effectively 

is  of  the  same  order  as  the  more  generaUy  used  volatile  oils.  JL^i^o^'e  aU  but  traces  of  ammoma  from  the  wood  chips. 

Inasmuch  as  this  is  a  product  which  might  weU  be  an  end-  The  absorption  and  concentration  of  ammoma  mvolve  no 

product  in  the  use  of  the  extracted  chips   in  hydrolysis  or  problem, 

in  sulfite  pulp,  it  seems   peculiarly   advantageous  because  <  This  journ.m.,  6  (i9i4),  289. 


Analytical  Determination  of  Oxides  of  Nitrogen  in  Gas 

Mixtures' 

By  Charles  L.  Burdick 

Sheffield  Experiment  Station,  Nitrate  Division  of  the  Ordnance  Department,  Sheffield,  Ala. 


The  following  paper  describes  a  simple  method  of  determining 
oxides  of  nitrogen  in  gas  mixtures  by  washing  the  gas  in  dilute 
alkali.  A  theoretical  consideration  of  the  reactions  incoloed  is 
included. 

IN  connection  with  an  investigation  of  the  equilibrium 
between  aqueous  nitric  acid,  nitrogen  peroxide  and  ni- 
tric oxide^  and  the  study  of  the  rate  of  reaction  and 
catalysis  of  the  oxidation  of  nitric  oxide, ^  it  became  necessary 
to  devTse  a  method  for  the  determination  of  the  nitrogen 
oxide  content  and  the  degree  of  oxidation  of  a  mixture  of 
oxides  of  nitrogen  diluted  with  nitrogen  or  air.  It  was  found 
in  the  laboratory  work  that  washing  of  a  measured  volume 
of  the  gas  in  dilute  alkaU  afforded  the  simplest  and  most 
accurate  means  of  determination  of  the  gas  compositions. 
The  later  work  which  served  to  develop  the  method  as  a 
means  of  technical  control  analysis  was  carried  out  in  connec- 
tion wth  a  study  of  the  performance  of  nitric  acid  absorption 
towers  at  the  Sheffield  Experiment  Station  at  U.  S.  Nitrate 
Plant  No.  1. 

The   reactions   representing   the   mechanism   of   the   ab- 
sorption of  nitrogen  peroxide  or  mixtures  of  nitrogen  peroxide 
and  nitric  oxide  in  dilute  alkah  are  expressed  in  Equations 
I  and  II: 
SNO.  +  2NaOH  =  2NaN03  +  NO  +  H.O  (I) 

NO  +  NO2  +  2NaOH  =  2NaNOo  +  H2O  (II) 

2NO2  +  2NaOH  =  NaN03  -1-  NaNO:  +  H.O  (III) 

'Received  September  9,  1921. 

*  Published  by  permission  of  the  Chief  of  Ordnance,  War  Department. 
>  Burdick  and  Freed,  J.  Am.  Chem.  Soc,  43  (1921),  SIS. 

*  Results  to  be  published  later. 


Equation  III  represents  the  direct  sum  of  I  and  II,  but  is 
not  indicative  of  the  mechanism  of  absorption. 

Dry  mixtures  of  nitrogen  oxides  or  mixtures  containing 
water  vapor  not  in  excess  of  the  saturation  value  of  the  corre- 
sponding nitric  acid  at  the  temperature  of  the  absorption 
apparatus  react  strictly  in  accordance  with  the  above  equa- 
tions. Thus  a  gas  containing  an  equimolar  or  less  pro- 
portion of  NO2  yields  pure  nitrite  on  absorption,  the  excess 
NO  escaping  from  the  solution  as  such.  JMixi;ures  containing 
an  excess  of  NO2  are  completely  absorbed  in  aUcaU,  with  the 
production  of  a  mi.xture  of  nitrate  and  nitrite.  The  con- 
centration of  HNO3  vapor  in  such  a  gas  is  in  general  neg- 
ligible. It  has  been  determined  that  HNO3  and  NO  cannot 
coexist  in  a  gas  in  appreciable  quantities. 

In  the  presence  of  nitric  acid  mist*  or  fog  (as  distinct 
from  vapor)  the  absorption  takes  place  as  represented  above. 
There  is,  however,  an  additional  production  of  nitrate  due 
to  the  simple  absorption  and  removal  of  the  mist  by  alkali. 

The  absorption  of  nitrous  gases  which  contain  relatively 
large  quantities  of  water  vapor  and  which  are  at  an  elevated 
temperature,  such  as  obtains  before  a  nitric  oxide  reaction 
chamber,  is  a  somewhat  more  involved  process  than  the 
simple  cases  above  outlined. 

AJs  long  as  but  one  phase  is  present  nitric  acid  vapor  is 
practically  nonexistent  in  a  gas  containing  NO.  However, 
as  the  temperature  of  such  a  gas  falls  in  its  passage  to  the 

5  This  mist  is  not  concentrated  nitric  acid,  but  is  acid  of  that  compo- 
sition which  is  in  equilibrium  with  the  nitrous  gases  at  the  temperature  in 
question.  Thus,  the  mist  entrained  in  a  gas  containing  0.5  per  cent  NO2 
and  0.7  per  cent  NO  is  a  fog  or  suspension  of  droplets  of  35  per  cent  nitric 
acid. 3 
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absorption  bottle,  there  is  a  condensation  of  fog  or  luist 
particles  and  the  reaction 


3NO2  +  H2O  (liq.) 


2HNO3  (aq.)   +  NO 


takes  place.  Since  this  is  not  an  oxidizing  or  reducing 
reaction,  there  is  no  change  in  the  degree  of  oxidation  of 
the  mix-ture  as  a  whole,  but  there  is  a  radical  change  in  its 
constitution  and  composition.  It  has  changed  from  a  gaseous 
mixture  containing  substantially  nothing  but  NO2,  NO, 
water  vapor,  and  dOuent  gas  to  a  two-phase  mixture  con- 
taining aqueous  nitric  acid  in  the  liquid  phase  as  a  mist, 
and  NO2,  NO,  and  water  vapor  in  the  gaseous  phase,  the 
whole  being  practically  at  chemical  equilibrium.  It  is  the 
composition  of  this  latter  mix-ture  which  determines  the 
absorption  behavior  in  the  presence  of  the  alkali.  For  ex- 
ample, analysis  of  a  gas  mixture  sampled  from  a  main  lead- 
ing to  a  reaction  chamber  showed  the  composition  of  the 
gas  reaching  the  alkali  solution  to  be 


Per  cent 

HNOa  mist 

NOs 

NO 

0.21 
0.5 
0.7 

Total 


1.4 


1  Expressed  as  percentage  by  volume  HNO3.  It  would  be  that  vol- 
ume occupied  by  the  HNO3  in  the  mist  if  it  were  vaporized  without  decom- 
position. 

The  mean  degree  of  oxidation  of  this  gas  mix-ture  in  terms  of 
NO2  is  57  per  cent.  Actually  at  the  temperature  of  the  gas 
in  the  flue  (80°)  there  was  no  mist  existent.  The  compo- 
sition of  the  gas  was 

Per  cent 


NOi 
NO 


0.8 
0.6 


Total  1 . 4 

Degree  of  oxidation    57 . 0 

The  total  Oxides  and  degree  of  oxidation  are  the  same  in 
both  cases.  The  last  analysis  represents  the  composition 
of  the  warm  gas  at  80°  flowing  in  the  pipe,  whereas  the  first 
represents  the  composition  of  the  same  gas  after  being 
cooled  to  30°. 

If  the  equations  of  absorption  were  accepted  without  con- 
sideration it  would  be  anticipated  that  the  warm  gas  in  the 
pipe,  since  its  degree  of  o.xidation  was  over  50  per  cent, 
would  produce  a  mixture  of  nitrate  and  nitrite  only  and  that 
NO  would  escape  from  the  absorbing  alkali  solution.  As 
a  result  of  the  condensation  of  mist  on  cooUng  and  subse- 
quent progress  of  the  hydrolj^tic  reaction,  there  was  a  con- 
siderable change  in  the  composition  of  the  gaseous  phase 
of  the  mixture  and,  as  a  matter  of  fact,  very  nearly  one-third 
of  the  NO  originaUy  present  escaped  absorption  in  the  first 
alkali  train  in  the  absorption  apparatus. 

It  is  evident,  then,  that  an  analytical  apparatus  for  the  de- 
termination of  the  total  oxides  of  nitrogen  and  their  degree 
of  oxidation  which  is  to  employ  the  principle  of  rapid  ab- 
sorption in  alkaU  must  consist  of  two  parts,  an  alkali  train 
for  the  absorption  of  all  of  the  NO.  and  part  of  the  NO 
and  an  aspirating  flask  or  similar  device  in  which  the  quantity 
of  escaping  NO  may  be  determined. 

Description  of  Appaiwtus 

A  portable  apparatus  which  has  been  found  convenient  for 
control  purposes  is  shown  in  the  figure.  It  consists  of  a  frame 
supporting  the  absorption  bulb  B  and  the  aspirating  bottle 
F.  The  inlet  tube  A  of  capillary  tubing  is  protected  by  the 
projecting  strap  iron  or  wooden  guard  K  which  may  be 
raised  out  of  position.  The  absorber  in  B  is  of  the  s])ccial 
form  shown.  It  has  tiic  advantage  of  being  a  very  efficient 
absorber,  not  requiring  a  large  volume  of  solution,  and 
not  requiring  a  special  containing  flask.    The  clamp  C  is 


used  as  a  support  for  the  absorption  apparatus.  The  ab- 
sorption apparatus  is  connected  to  the  evacuated  aspirator 
bottle  by  a  short  rubber  connection.  The  volume  of  the 
aspirator  bottle  should  be  known  within  1  per  cent. 

Procedure  for  Analysis 

A  known  amount  of  0.1  N  alkali  (carbonate-free)  is  run 
into  absorption  bulb  B  and  diluted  with  water  until  the 
Uquid  is  at  the  top  of  the  first  beU.  According  to  the  con- 
centration of  the  nitrous  gases,  from  10  to  50  cc.  of  carbonate- 
free  alkali  will  be  required.  An  automatic  pipet  may  be  con- 
veniently used.  The  aspirator  bottle  must  be  evacuated 
and  all  connections  and  stoppers  should  fit  firmly,  so  that 
absence  of  leaks  is  insured.  With  the  strap  iron  or  wooden 
guard  K  let  down,  the  apparatus  may  be  safely  carried. 

In  sampling,  the  tube  A  is  firmly  seated  in  the  opening 
in  the  flue  and  the  measured  quantity  of  gas  aspirated  slowly 
through.  The  rate  of  bubbling  through  the  absorber  may 
be  a  little  faster  than  the  bubbles  at  the  base  of  the  inlet 
tube  can  be  counted.  Cock  D  is  then  closed.  The  opening 
in  the  apparatus  frame 
through  which  tube  A 
projects  is  purposely 
made  large  so  that  a 
certain  flexibility  of  set- 
ting is  obtained.  In 
withdrawing  or  intro- 
ducing the  sample  tube 
it  should  be  kept  well 
centered  in  the  pipe 
opening  to  avoid  nitric 
acid  running  off  the 
walls  into  the  tube. 

The  solution  is  re- 
moved for  analysis  by 
lowering  the  bulb  B  and 
rinsing  the  absorber 
carefully  with  distilled 
water.  The  inside  of 
the  sample  tube  is  also 
rinsed  with  water  and 
the  wash  water  added  to  the  original  solution,  which  is 
transferred  to  a  beaker.  In  case  it  is  necessary  to  employ 
an  extension  on  the  sample  tube  it  too  must  be  rinsed  with 
water  to  remove  any  condensate. 

The  alkaline  solution  is  titrated  back  with  0 . 1  A'^  sulfuric 
acid,  using  a  few  drops  of  a  solution  of  methyl  red  in  dilute 
(0.01  N)  alkali  as  an  indicator.  Alcohohc  solutions  must 
be  avoided  because  of  the  later  titration  with  permanganate. 
The  solution  from  the  alkali  neutrahzation  is  transferred 
to  the  heaker  used  for  the  permanganate  titration.  Two 
beakers  preferably  are  used  in  order  to  obviate  any  liabUity 
of  transfer  of  strong  acid  from  the  permanganate  titration 
to  the  alkali  solutions  subsequently  to  be  analyzed.  A 
few  preliminary  cc.  of  0.1  N  permanganate  are  added, 
and  5  cc.  of  concentrated  sulfuric  acid  are  stirred  in,  care 
being  taken  that  the  solution  is  maintained  continuously 
of  a  pink  color  by  running  in  permanganate.  With  the 
first  drop  or  so  of  permanganate  the  pink  color  due  to  the 
methyl  red  indicator  is  destroyed.  After  an  excess  of  per- 
manganate has  been  added  the  solution  should  be  allowed 
to  stand  for  2  or  3  min.  in  order  that  the  relatively  slow  re- 
action of  permanganate  with  the  nitrite  may  complete  it- 
self. A  slight  excess  of  ferrous  sulfate  solution  (whose  rela- 
tive strength  in  terms  of  the  permanganate  is  known)  is 
added  and  the  solution  is  titratetl  with  permanganate  to 
a  permanent  pink.  A  blank  determination  of  the  amount  of 
permanganate  necessary  to  decolorize  the  methyl  red  indi- 
cator added  should  be  made. 
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The  oxides  of  nitrogen  in  the  aspirator  bottle  are  deter- 
mined in  the  way  customarOy  employed.  Through  the 
stopcock  D  are  run  successively  5  ec.  hydrogen  peroxide, 
5  cc.  water  and,  if  necessary,  approximately  10  cc.  oxj-gen. 
The  bottle  is  shaken  and,  after  the  oxides  have  largely  been 
absorbed,  an  excess  of  0.1  N  alkaU  is  added.  The  bottle 
is  again  shaken  and  allowed  to  stand  until  all  oxides  are  ab- 
sorbed. It  is  then  rinsed  out  and  the  excess  alkali  titrated 
with  standard  acid. 

Computation  of  Analysis  at  Point  of  Sampling 

Case  1 — All  Components  Gaseous  and  No  Mist  Present 

The  equivalent  cc.  of  alkali  neutralized  by  the  gas  passed  through 
the  absorber  and  the  gas  in  the  aspirator  bottle  and  the  perman- 
ganate used  are  computed,  and  the  calculations!  made  as  follows: 

A  =  Cc.  0. 1  TV  alkali  neutralized  by  nitrogen  oxides  in  absorber. 
P  =  Cc.  0 . 1  iV  permanganate  used  to  o.xidize  nitrite  in  absorber. 
C  =   Vi  (3A  +  P)    =  Cc.  0 . 1  A^  alkali  neutralized  by  NOj. 
D  =  Total  alkali -C   =   Cc.  0.1  AT  alkali  neutralized  by  XO. 
E  =    C/4    =    Per  cent  by  volume  of  NO;  in  gas.' 
F  =  D/4  =  Per  cent  by  volume  of  NO  in  gas. 
E  +  F   =  Total  oxides  present. 

100  X  — ■  =  Percentage  oxidation  of  nitrous  gases  in  terms 

K  4"  F 
of  NO2. 

The  composition  of  the  nitrous  gases  as  above  computed 
represents  that  which  it  would  have  were  all  components  com- 
pletely gasified.  Such  conditions  obtain  when  the  temperature 
of  the  gas  at  the  point  of  sampling  is  above  the  dew  point  and 
no  fog  or  mist  exists. 

A  subsidiary  case  may  be  encountered  occasionally  when  the 
gas  consists  entirely  of  HNOs  and  NO2,  NO  being  completely 
absent.  'If  this  be  met  with,  the  percentage  oxidation  is  over 
100  per  cent.  Under  these  conditions  the  components  are  de- 
termined by  the  relationships; 

Total  NO2  =  2  X  Total  nitrite  in  Alkali  I 
Total  HNO3  =  Alkali  I  -f  Alkali  II  -  Total  NO2 

CAse  2 Mist  Present  in  Gas  Line  and  Temperature  of  Gas  at  Point 

of  Sampling  Approximately  That  of  Alkali  Absorber 
(NO  in  excess  over  NOs) 

From  a  consideration  of  Reactions  II  and  III  and  the  reaction 
HNO3  (mist)  4-  NaOH  =  NaNOa  +  H2O 
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NO2  reacting  according  to  Equation  I  =  3/2  .Mkali  I 
NO2  reacting  according  to  Equation  II   =    1/2  nitrite 
Total  NO.   =   3/2  Alkali  I   +   1/2  nitrite 
NO    =    Alkali  I    +    Alkali  II    -    total  NOj 
If  0.1  .V  solutions  are  used 

.  ,        Permanganate  titration 
Total  NO:  =  3/2  Alkali  I  -1 

3  Alkali  titration  +  Permanganate  titration 
2  ' 

'  The  number  of  moles  of  nitrogen  peroxide  absorbed  in  alkali  is  equal 
to  the  number  of  equivalents  of  alkali  neutralized  by  nitrogen  peroxide,  or 

C 
10000 

The  number  of  moles  of  inert  gas  in  the  aspirator  bottle  is  calculated 
from  the  equation  pv  =  nRT.  The  pressure  (as  a  result  of  obsenation) 
has  been  found  to  average  closely  l.o  cm.  Hg  vacuum  (corresponding  to 
the  height  of  liquid  in  the  absorption  bulb).     The^pressure  is,  therefore . 

—  =0.98  atm.     The  volume  is  one  liter  and  the  temperature  is,  therefore. 

760 

about  25°  C,  or  29S°  Abs.     The  number  of  moles  of  inert  gas  is  then  given 

PV  0.98  X    1.0 

by  the  solution  n 

C 


0.04  mole. 


RT         0.0821    X    298 

^      C 

The  percentage  of  NO3  is  therefore    100     X   iqOOO  X  0.04   ~     T     ^°'' 


D 


The   variations 


correspondingly  the  percentage  of  NO  is  found  to  be 

in  temperature  and  pressure  which  will  be  found  in  the  gas  in  the  aspirator 
bottle  are  not  enough  to  influence  appreciably  the  calculated  percentages 
of  NO2  and  NO.  Of  course,  if  the  volume  aspirated  is  other  than  one 
liter,  the  proper  factor  must  be  calculated.  For  a  volume  of  1.15  liters 
the  factor  is  4.6. 


and  bearing  in  mind  that  any  excess  NO  will  escape  from  the 
first  alkali  solution,   the  following  identities  may  be  written: 

Total   HNO3   mist    =    Nitrate   present   in   Alkali   I 
=     Alkali    1  — Nitrite    in    I 
Nitrite  in  I 


Total  NO;    = 


Total  NO 


Nitrite  in  1 


For  0 . 1  A'  solution  these  become 
Total  HNO.,  mist   =  Alkali  I 


+  Alkali  II 


Permanganate 


Total  NO  = 


Total  NO.,    -  Pei-manganate 
4 
Permanganate 


-I-  Alkali  II 


The  percentages  by  volume  of  the  constituents  are  computed 
in  the  same  way  as  for  Case  1.  The  percentage  oxidation  is 
given  by  the  expression: 

Per  cent  HNO3  X  2.5  -|-  per  cent  NO;  X  2  -|-  per  cent  NO  _  , 
Total  percentage 

CORHECTION  FOR  OxlD.\TIO.\  IN  TRANSIT 

The  composition  of  the  gas  .as  calculated  represents  that 
at  the  moment  of  reaching  the  alkali,  and  consequently 
for  a  mixture  containing  excess  oxygen  does  not  represent 
the  composition  in  the  pipe  at  the  point  of  sampling  but  at 
a  point  somewhat  further  along  the  pipe.  From  a  knowledge 
of  the  rate  of  oxidation  of  NO  it  is  possible  to  compute  the 
composition  at  anj'  point  along  the  pipe  line  provided  the 
rates  of  flow  are  knowTi.  For  dilute  gas  mixtures  containing 
less  than  5  per  cent  excess  oxygen,  a  correction  for  the  o.xi- 
dation  taking  place  in  the  sample  tube  and  gas  analysis 
apparatus  is  in  general  unnecessary.  In  case,  however,  the 
diluent  gas  is  air,  the  correction  must  be  made.  The  com- 
plete equation''  for  the  rate  of  oxidation  of  NO  is: 

1       /•  1      1  \  2.3  Ci 

1^  '  =  2Co-C:Vc""cJ  ~  (2Co-Ci)2'°S  (2Co-C, -h  C)  3^;^ 

where  Co  =  Concentration  of  oxygen  at  time  ;  =  0  (mol.  fraction). 

Ci  =  Concentration  of  nitric  oxide  at  time  /  =  0. 

C  =  Concentration  of  nitric  oxide  at  time  t  =  i. 
'When  oxj'gen  in  considerable  excess  is  present  the  equation 
may  be  simplified  into 

2  _   1 
C  ~  C, 


30(Co)i, 


which  is  quite  accurate  enough  for  calculating  the  correction 
term. 


Cadmium  in  1921 


Figures  obtained  from  producers  by  the  United  States  Geologi- 
cal Survey  show  that  the  total  production  of  metallic  cadmium 
in  1921  was  65,101  lbs.,  a  decrease  of  64,182  lbs.,  or  about  50 
per  cent,  as  compared  with  the  production  in  1920.  On  the 
other  hand,  the  production  of  cadmium  sulfide  in  1921  amounted 
to  65.446  lbs.,  an  increase  of  .3.3,313  lbs.,  or  more  than  100  per 
cent,  over  the  production  in  1920. 

The  value  of  the  metallic  cadmium  produced  was  $63,799  and 
that  of  the  cadmium  sulfide  was  S71,336,  making  a  total  value 
of  5135.135,  as  compared  with  S188..535  in  1920,  a  loss  of  28  per 
cent.  The  average  selling  price  of  metallic  cadmium  in  1921 
was  98  cents  a  pound,  as  against  $1.17  in  1920,  and  that  of 
cadmium  sulfide  was  S1.09  a  pound,  as  against  $1.16  in  1920. 

A  noteworthy  development  of  the  year  was  the  extension  of 
the  use  of  cadmium  electroplating  for  preventing  rust. 


The  University  of  'tt'est  \'irginia  is  having  plans  prepared  for 
the  erection  of  a  new  chemical  laboratory,  estimated  to  cost  about 
$400,000. 
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The  Electrolytic  Preparation  of  Arsenate  of  Lead' 

By  Herman  V.  Tartar-  and  Gary  G.  Grant 

Department  of  Chemistry,  University  of  Washington,  Seattle,  Washington 


A  mixture  of  the  basic  and  acid  arsenates  of  lead  can  be  pre- 
pared electrolytically  from  disodium  arsenate  or  arsenic  acid. 
When  disodium  arsenate  is  used  the  product  contains  a  targe 
portion  of  the  basic  compound.  If  on  the  other  hand,  arsenic 
acid  is  used  the  product  may  he  made  to  contain  a  large  proportion 
of  the  acid  compound. 

The  object  of  this  investigation  was  a  quantitative  study  of  the 
process  to  ascertain  what  concentration  of  arsenic  acid,  current 
density,  distance  between  electrodes,  and  k.ind  and  concentration 
of  electrolyte  served  best  for  the  formation  of  lead  hydrogen  arsenate; 
also  the  effect  of  the  above  factors  on  current  efficiency,  electrical 
energy  efficiency,  and  freedom  from  accumulations  on  the  anode. 
Since  lead  hydrogen  arsenate  is  the  chief  component  of  the  com- 
mercial insecticide,  attention  was  not  given  to  the  production  of 
the  basic  arsenate. 

The  conditions  most  suitable  for  the  electrolysis  involve  a  con- 
centration of  approximately  0  05  per  cent  arsenic  acid,  a  current 
density  of  1 .25  to  1 .875  amp.  per  sq.  dm.,  and  a  distance  between 
electrodes  of  2.5  to  5.0  cm.  The  most  desirable  electrolyte  is 
sodium  chlorate  at  a  concentration  of  I  to  2  per  cent.  If  the  pre- 
cipitate is  allowed  to  stand  for  several  days  in  contact  with  the 
0.05  per  cent  arsenic  acid  the  proportion  of  acid  arsenate  is  in- 
creased.    Current  efficiencies  are  very  good. 

BECAUSE  of  the  extensive  use  of  the  arsenates  of 
lead  for  insecticidal  purposes,  a  number  of  investi- 
gations have  been  made  during  recent  years  to  ascer- 
tain their  constitution  and  properties.  The  work  of  Tartar 
and  Robinson,'  Smith, ^  and  McDonnell  and  Smith^  has 
shown  that  the  commercial  material  may  contain  two  com- 
pounds: viz.,  lead  hydrogen  arsenate  (PbHAs04)  and  a 
basic  arsenate  [Pb4(PbOH)  (As04)3H,01. 

At  first  lead  arsenate  was  prepared  for  commercial  use 
by  the  reaction  between  lead  acetate  or  lead  nitrate  and 
disodium  arsenate.  Several  other  methods  have  been  pro- 
posed during  recent  years;  in  fact,  some  twenty-five  patents 
have  been  granted  covering  various  processes.  So  far  as 
the  writers  are  aware  the  most  direct  and  possibly  the  most 
widely  used  procedure  is  that  proposed  by  Luther  and  Volck,^ 
in  which  lead  oxide  is  suspended  in  a  solution  of  arsenic 
acid  with  a  small  amount  of  nitric  or  acetic  acid  as  a  cata- 
lyzer; either  the  basic  or  the  lead  hydrogen  arsenate  is 
produced,  depending  on  the  relative  quantities  of  lead  oxide 
and  arsenic  acid  used.  The  literature  on  the  subject  affords 
no  reference  to  an  electrolytic  method  for  the  preparation 
of  lead  arsenate.' 

Nearly  two  years  ago  some  qualitative  tests  made  in  this 
laboratory  showed  that  a  material  similar  to  much  that 
is  sold  on  the  market  could  be  prepared  electrolytically 
in  a  manner  somewhat  analogous  to  the  Luckow  process 
for  white  lead.     The  bath  consisted  of  a  solution  of  an 

'  Received  September  29,  1921. 
'  Associate  Professor  of  Clicmistry. 

•  /.  Am.  Chem.  Soc.  36  (1914),  1843. 
'  Ibid.,  38  (1916),  2014. 

ilbid.,   38   (1916),   2027;     39(1917),   937. 

•  U.    S.    Patent    892,603. 

'  The  reviewers  of  this  paper  have  called  the  autliors'  attention  to 
the  method  proposed  in  U.  S.  Patent  870,915  in  which  the  anodic  processes 
are  very  similar.  The  method  proposed  here  is,  however,  more  simple. 
and  data  are  given  regarding  current  efliciency,  the  proper  composition  of 
the  bath,  the  amount  of  electrical  energy  required,  and  the  composition 
of  the  lead  arsenate  obtained. 


electrolyte  to  form  a  soluble  lead  salt  (sodium  chlorate 
was  used)  and  a  second  electrolyte  to  furnish  the  arsenate 
ion  to  precipitate  the  lead  as  insoluble  lead  arsenate.  The 
electrolysis    was   made   with    lead    electrodes. 

EXPBRIMENT-4L    ParT 

The  apparatus  consisted  of  rectangular  glass  jars  3X4 
X  6  in.  and  electrodes  of  lead  2.5  in.  wide  which  dipped 
into  the  electrolyte  2.5  in.  A  copper  coulometer  was  used 
for  measuring  the  quantity  of  electricity  used  and  the  current 
was  controlled  approximately  by  means  of  a  resistance 
and  an  ammeter.  The  fall  of  potential  in  the  bath  was 
ascertained  by  a  voltmeter  which  could  be  shunted  between 
the  electrodes.  A  mechanical  stirrer  was  used  in  some 
cases  to  agitate  the  electrolyte.  In  later  experiments  com- 
pressed air  was  found  to  be  suitable  for  stirring. 

After  each  electrolysis  was  completed,  the  precipitate 
was  allowed  to  settle,  filtered  on  a  Biichner  funnel,  dried 
at  115°,  weighed,  reduced  to  a  powder  in  a  mortar,  and 
analyzed.  The  lead  was  determined  as  lead  chromate* 
and  the  arsenic  by  reduction  to  arsenious  acid  and  titration 
with  standard  iodine  solution.'  From  the  amount  of  lead 
in  the  precipitate  and  the  quantity  of  copper  deposited  in 
the  coulometer  the  current  efficiency  was  calculated  on  the 
basis  of  Faraday's  Law. 

The  arsenic  acid  used  was  prepared  from  arsenic  oxide 
which  was  found  to  contain  no  other  impurity  than  a  small 
amount  of  arsenious  oxide.  This  was  removed  by  treating 
the  material  with  a  sufficient  quantity  of  concentrated 
nitric  acid  and  evaporating  several  times  to  dryness  to  re- 
move the  excess  of  the  nitric  acid.  The  arsenic  acid  ob- 
tained was  made  up  to  volume  and  standardized.  In  this 
form  calculated  amounts  were  added  at  regular  intervals 
to  the  electroh'sis  bath  in  order  to  maintain  a  fairly  con- 
stant acidity. 

The  sodium  chlorate  and  sodium  acetate  employed  were 
Ijoth  guaranteed  as  C.  P.  by  a  reUable  manufacturer. 

Effect  of  Concentration  of  Arsenic  Acid 

Three  solutions  were  made  up  containing  4  per  cent  sodium 
chlorate  and  three  different  concentrations  of  arsenic  acid. 
They  were  electrolyzed  between  lead  electrodes  each  having 
an  effective  area  of  6.25  sq.  in.  with  a  current  of  0.5  amp. 
The  results  are  given  in  Table  I. 

T.'VBLE  I — Effect  of  Concentration  of  Arsenic  Acid 


1 

2 

3 

Concentration  arsenic  acid 

(as  AsaOfi),  per  cent.. . 

1 

2 

5 

Phenomena  at  anode 

White  pre- 

Little pre- 

No precipitate 

cipitate 

cipitate 

Phenomena  at  cathode..  .  . 

Some  lead 

More    lead 

Much    lead 

deposited 

deposited 

deposited 

Because  of  the  evident  lowering  of  current  efficiency  bj' 
the  deposition  of  lead  on  the  cathode,  these  electrolyses 
were  abandoned  after  a  short  time.  Too  high  acidity  causes 
the  retention  of  lead  in  solution  and  it  is  deposited  on  the 
cathode  during  electrolysis.  While  lead  is  above  hydrogen 
in  the  electromotive  series  it  is  easily  deposited  under  these 
conditions  liecause  of  the  high  overvoltag(>  of  hydrogen  on 
lead  elet'trotlcs.  The  presence  of  lead  in  (he  solutions  was 
shown    iiy    making    them    alkaline    with    anunonia,    which 

'  Methods  of  Analysis  of  Ollioial   Agric.  Chemists,   1920,    .1". 

»  Ibid.,  .58. 
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permits  the  precipitation  of  basic  lead  arsenate;'  the  amounts 
present  corresponded  to  the  relative  acidity  of  the  baths. 
Three  more  baths  were  electrolyzed  in  the  manner  stated 
above.  Their  composition  and  the  results  of  the  elec- 
trolyses and  analyses  are  given  in  Table  II. 

Table  II — Further  Results  on  Effect  of  Concentration  of 
Arsenic  Acid 


4 

Concentration  of  AsaOs, 

per  cent 

0.5 

Concentration  of  HNOs, 

per  cent 

Concentration    of   Nas- 

HAsO^,  per  cent.    ... 

Concentration    of    Na- 

CIO3,  per  cent 

4.0 

Phenomena  at  anode... 

Flocculent 

lead  arsenate 

Phenomena  at  cathode. 

Some  lead 

deposited 

Yield,  grams 

14.9 

Per  cent  lead 

60.4 

1.0 

1.0 


1.0 


1.0 

4.0  4.0 

Same,  but  Slimy    lead 

crystalline  arsenate 

Much  lead  No  lead 

deposited  deposited 

Small  12.5 

59.67  64.82 

Current  efficiency,  per 

cent 91.0  Small  82.5 

Theoretical  per  cent  lead  in  PbHAs04 59.69 

Theoretical  per  cent  lead  in  Pb4CPbOH)(As04)3H:0 69.6 

Pure  crystalline  lead  hydrogen  arsenate  can  be  prepared 
by  using  nitric  acid,  but  the  current  efficiency  is  very  low. 
The  use  of  disodium  hydrogen  arsenate  to  repress  the  ioniza- 
tion of  the  arsenic  acid  and  increase  the  concentration  of 
arsenate  ion  results  in  a  lower  current  efficiency,  and  the 
product  is  more  basic  than  with  arsenic  acid  as  the  sole 
source  of  the  arsenate  ion. 

]More  dilute  solutions  of  arsenic  acid  were  next  tried. 
Iron  cathodes  were  used  for  these  experiments  and  were 
found  satisfactory;  by  their  use  the  hydrogen  overvoltage 
is  materially  lowered.  The  results  are  tabulated  in  Table 
III. 

Table  III — Further  Results  on  Effect  of  Concentration  op 
(Arsenic  Acid 

Bath  number 7  8 

Concentration  of  NaClOs.  per  cent.  4 

Concentration  of  AsiOs.  per  cent.  .  0.25 

Current  density,  amp. /dm. 2 1 .  24 

Phenomena  at  anode Finely  divided 

lead  arsenate 


4 

0  05 

1,24 

Precipitate   more 

finely  divided 


Phenomena  at  cathode Some  lead  .\lmost  no  lead 

Yield .  grams Not  continued  6 .  55 

Per  cent  lead ...  61 .  66 

Current  efficiency,  per  cent ...  99.5 

The  results  show  that  lead  arsenate  (a  mixture  of  lead 
hydrogen  arsenate  and  the  basic  arsenate,  the  former  pre- 
dominating) is  produced  without  appreciable  deposition  of 
lead  at  the  cathode  if  the  concentration  of  arsenic  acid  is 
kept  low  enough  and  nearly  constant  during  the  electrolysis. 
The  product  is  quite  finely  divided  and  on  drying  gives  a 
very  fine  powder. 

Effect  of  Cttreent  Density 

Two  electrolyses  were  made  in  the  same  manner  as  that 
reported  for  Bath  8,  except  that  current  densities  were 
0.625  and  1.875  amp.  persq.  dm.,  raspectively.  The  data 
are  recorded  in  Table  IV. 


Table  IV- — Effect  of  Current  Density 

Bath  number 

Concentration  of  AszOe,  per  cent 

Concentration  of  NaClOs,  per  cent 

Current  density,  amps/dm.- 

Voltage  with  2.5-cm.    distance  between  electrodes. 
.Voltage  with  10-cm.  distance  between  electrodes.  . 

Yield,  grams 

Time  (approximately),  hours. 


9  10 

0.03  0.05 

4.0  4.0 

0.623  1.87 

1.0  2.0 

3.0  6.0 

9.65  9.5 

6  2 

Per  cent  lead 62.4  62.05 

Current  efficiency,  per  cent 98.8  99.6 

The  higher  current  density  apparently  favors  the  formation 
of  the  acid  compound  and  gives  at  the  same  time  a  higher 
current  efficiency.  The  precipitate  also  has  less  tendency 
to  stick  to  the  anode.  Considering  the  voltage  drop  across 
the  baths,  however,  the  actual  energy  efficiency  is  less  ■nith 
the  higher  current  density.  This  may  be  offset  to  some 
extent  by  placing  the  electrodes  closer  together. 


Effect  of  Electrode  Distance  and  Voltage 

These  experiments  were  carried  out  to  ascertain  the  effect 
of  distance  between  electrodes  on  the  voltage  drop  across 
the  bath,  the  composition  of  the  precipitate,  and  the  de- 
position of  lead  at  the  cathode.  The  data  are  given  in 
Table  V. 

Table  V — Effect  of  Electrode  Distance  on  Voltage 

Bath  number 11  12  13 

Electrode  distance,  cm 10  5                     2.5 

Concentration  of  AssOs.  per  cent 0.03  0.05             0.05 

Concentration  of  NaClOa,  per  cent ...  .           4.0  '      4.0                 4.0 

Voltage 4  2                    1 

Current  density,  amps. /dm. 2 1.24  1.24              1  24 

Yield,  grams 9.226  9.24               9.48 

Per  cent  lead 65.05  63.7  62.5 

Current  efficiency,  per  cent 99.3  97.6  98.3 

Character  of  precipitate Most  Medium  Most  finely 

dense  dense            divided 

The  formation  of  lead  hydrogen  arsenate  is  favored, 
greater  energy  efficiency  is  reahzed,  and  less  lead  is  deposited 
at  the  cathode  with  the  electrodes  close  together.  The 
difference  in  the  physical  character  of  the  precipitates  was 
striking.  The  one  from  Bath  13  slid  off  the  electrode  quite 
freely  and  in  a  finely  divided  state  suitable  for  use  as  in- 
secticide material. 

Use  of  Disodium  Hydrogen  Absen.4.te  and  of  Sodium 
Acetate  in  Electrolysis  Bath 

An  attempt  was  made  to  use  a  bath  containing  disodium 
hydrogen  arsenate  and  acidified  with  arsenic  acid  solution 
so  that  the  hydrogen-ion  concentration  was  approximately 
that  of  0.05  per  cent  arsenic  acid  solution.  Under  these 
conditions  the  acidity  could  be  more  easily  controlled  and 
kept  more  nearly  constant.  The  bath  was  4  per  cent  sodium 
chlorate  and  1  per  cent  disodium  hydrogen  arsenate,  made 
acid  to  methyl  orange,  thus  giving  a  solution  of  approximately 
the  composition  NaH2As04.  The  electrolysis  gave  a  dense 
precipitate  which  adhered  strongly  to  the  electrode;  the 
formation  of  oxides  of  lead  also  occurred  at  the  anode.  The 
current  efficiency  was  obviously  low  and  the  run  was  stopped 
after  a  short  time.  The  WTiters  have  no  complete  explanation 
to  offer  for  the  anodic  phenomena  observed. 

A  bath  containing  sodium  acetate  instead  of  sodium 
chlorate  was  found  to  give  good  results  in  many  respects. 
Much  less  lead  was  deposited  at  the  cathode  using  even 
a  1  per  cent  arsenic  acid.  It  was  found,  however,  that 
higher  concentrations  of  sodium  acetate  were  necessary 
than  of  sodium  chlorate.  Some  of  the  results  are  tabulated 
in  Table  VI. 

Table  VI — Results  Obtained  with  Sodium  Acetate  in 
Electrolysis  Bath 

Bath  number 14  15 

Concentration  of  NaC2H302,  per  cent 3  8 

Concentration  of  .As.Qs,  per  cent.  .  , 1  1 

Current  density,  amps. /dm.- 1.23  1.23 

Electrode  distance,  cm 10  10 

Voltage 4.0  3.0 

Yield,  grams 9.25  17.3 

Per  cent  lead 63.8  63.7 

Current  efficiency,  per  cent 98.6  98.7 

A  very  uniform  product  can  be  obtained  by  this  method. 
The  lead  arsenate  formed  is  more  basic  and  less  finely  di- 
vided than  that  secured  from  the  chlorate  bath. 

Effect  of  Concentr.\tion  of  Sodium  Chlorate 

Quahtative  experiments  indicated  that  the  concentration 
of  thLs  substance  might  affect  the  physical  properties  of  the 
precipitate  and  its  tendency  to  stick  to  the  electrode.  Three 
baths  were  tried  containing  concentrations  of  sodium  chlorate 
above  and  below  those  used  in  previous  experiments.  These 
were  electrolyzed  under  similar  conditions  and  the  data  are 
reported  in  Table  VII. 

The  more  dilute  solutions  of  sodium  chlorate  favor  the 
formation  of  the  acid  arsenate.    In  these  cases  practically 
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TABtK  VII — Effsct  op  Variation  of  Concentration  op  Sodium  Chlo- 
rate IN  Electrolysis  Bath 

Biith  number 16  17  18 

Concentration  of  NaClOa,  per  cent.  .4  2  1 

Concentration  of  AssOs.  per  cout.  ..  .             0.05  0.05  0.05 

Current  density,  amps./dm. 2 1.25  1.25  1.25 

Phenomena Little  lead  No  lead  No  lead 

at  cathode 

Character  of  precipitate Least  finely  Finely  More  finely 

divided  divided  divided 

Voltage 4  4  4 

Distance  between  electrodes,  cm 8.5  5.5  3 

Yield,  grams 5.926  6.32  6.371 

Per  cent  lead 65.6  60.95  60.4 

Current  efficiency,  per  cent 98.3  97.4  97.2 

no  lead  was  deposited  at  the  cathode,  although  the  acidity 
was  allowed  to  run  up  as  high  as  0.2  per  cent  at  times. 
It  was  also  observed  that  violent  stirring  of  the  electrolyte 
caused  the  precipitate  to  cake  on  the  electrode,  while  as 
long  as  the  bath  was  allowed  to  remain  quiet  it  formed  in 
flakes  and  fell  freely  to  the  bottom  of  the  tank.  If,  however, 
the  electrolyte  was  not  circulated  to  some  extent,  the  con- 
centration of  arsenic  acid  became  depleted  between  the 
electrodes,  the  bath  became  alkaline  to  phenolphthalein 
at  this  point,  and  lead  was  deposited  at  the  cathode.  To 
obtain  a  slow  circulation  of  the  electrolyte,  air  was  slowly 
bubbled  in  at  one  corner  of  the  tank. 

The  results  presented  above  indicate  that  the  best  con- 
ditions are  as  follows: 

Concentration  of  sodium  chlorate,  per  cent 1  to  2 

Concentration  of  arsenic  acid,  per  cent 0.  05 

Current  density,  amp. /dm. 2 1 .  875 

Distance  between  electrodes,  cm 2.5  to  5.0 

Electrolyte  slowly  circulated. 


20 

21 

22 

2 

2 

2 

0.05 

0.05 

0.05 

1.875 

1.875 

1.875 

2.5 

2.5 

2.5 

3.0 

3.0 

3.0 

6.4038 

6.3946 

6.3655 

61.9 

61.85 

62.55 

98.6 

98.4 

98.9 

In  order  to  confirm  the  above  results  three  baths  were 
made  up  of  the  above  concentrations  and  run  according 
to  the  best  conditions  as  determined  in  the  preceding  experi- 
ments.   The  results  are  tabulated  in  Table  VIII. 

Table  VIII — Results  op  Elsctrolvsbs  with  Best  Conditions  Found 

Bath  number 

Concentration  NaClOs,  per  cent 

Concentration  AsaOs,  per  cent 

Current  density,  amps. /dm. 2 

Electrode  distance,  cm 

Voltage 

Yield,  grams 

Per  cent  lead 

Current  efficiency,  per  cent 

Gain  on  couloraeter  cathode,  grams 1 .  2374 

Total  coulombs 3760 

Time  (sec) i 4800 

Average  current,  amp * 0.784 

Kw.  hrs.  used 0.00313 

Kw.  hrs.  per  lb.  lead  arsenate 0.222 

In  addition  to  the  above  experiments  and  in  order  to  de- 
termine the  efifect  of  allowing  the  precipitate  to  stand  in 
contact  mth  the  electrolyte  the  following  experiment  was 
conducted:  A  sample  of  lead  arsenate  from  Run  11  con- 
taining 65.05  per  cent  lead  was  placed  in  a  0.05  per  cent 
arsenic  acid  solution  and  shaken  up  at  intervals  for  5  days. 
It  was  then  filtered  off  and  analyzed  for  lead,  when  it  was 
found  to  be  59 . 4  per  cent  lead  (very  near  to  the  theory  for 
lead  hydrogen  arsenate).  This  would  indicate  that  by  al- 
lowing the  precipitate  to  stand  for  several  days  in  contact 
with  the  bath  solutions  a  product  could  be  obtained  con- 
taining practically  pure  lead  hydrogen  arsenate. 


The  Physical  Properties  of  Commercial  Arsenates  of  Lead' 

By  R.  H.  Robinson= 

Chbmical  Department,  Oregon  Agricultural  Experiment  Station,  Corvalhs.  Oregon 


Chemical  analysis  shows  very  little  variation  in  the  brands  of 
lead  arsenate  now  on  the  martlet.  Worl^  on  twelve  commercial 
brands,  which  forms  the  basis  of  the  following  paper,  shows  marked 
differences  in  certain  physical  properties  which  may  affect  the 
efficiency  of  the  spray. 

Specific  gravity  varies  only  slightly,  and  there  is  apparently  no 
correlation  between  this  value  and  dry  volume.  Appreciable  differ- 
ences are  observed  in  the  size  of  particles,  in  the  proportion  of  large 
to  small  particles,  and  in  suspension  qualities. 

In  order  to  give  lead  arsenate  better  spreading  properties,  it  is 
the  custom  of  orchardmen  to  add  spreaders  such  as  soap  solution, 
oil  emulsions,  etc.  These  cannot  be  used  under  all  climatic  condi- 
tions, and  several  commercial  arsenates  contain  harmless  organic 
substances  as  "deflocculents."      Their  function  is  chiefly  to  penetrate 


and  subdivide  the  clusters  of  fine  particles  of  arsenate,  causing 
them  to  remain  in  suspension  for  a  long  time  and  increasing  their 
spreading  properties  and  also,  probably,  their  adhering  properties. 
In  the  course  of  the  experiments  herein  reported  similar  defloccu- 
lating  properties  were  produced  in  other  commercial  arsenates  by 
the  addition  of  small  amounts  of  calcium  caseinate,  glue,  soap 
solution,  tannin,  certain  sugars,  gum  arable,  oil  emulsions,  and 
dextrin. 

The  amount  of  lead  arsenate,  which  will  remain  in  suspension 
in  water  for  a  specified  length  of  time,  is  perhaps  the  best  indication 
of  its  efficiency.  The  practical  efficiency  of  any  deflocculent  which 
may  be  added  to  a  commercial  lead  arsenate  can  best  be  determined 
by  results  obtained  in  field  practice,  where  only  ordinary  care  is 
exercised  in  the  application  of  the  spray. 


SINCE  the  time  that  arsenicals  were  first  employed 
as  insecticides  in  the  control  of  the  codling  moth, 
chemical  investigations  have  been  carried  on  in  order 
to  learn  definitely  regarding  the  composition  of  the  various 
arsenates  of  lead  and  to  choose  those  forms  which  will  be 
most  efficient.  A  desirable  commercial  product  must  be 
high  in  total  arsenic  for  optimum  killing  efficiency,  low  in 
water-soluble  ■  arsenic  in  order  that  foliage  burn  may  not 
occur,  and  free  from  foreign  impurities.  Investigations  to 
this  end  have  been  successful  aiul  two  forms  of  lead  arsenate 
arc  lujw  on  the  market,  namely,  the  aciil  or  hydrogen  arsenate 
and  the  "neutral"  or  basic  arsenate.  It  has  been  found  by 
experimentation  that  the  killing  efficiency  of  the  former  is 
superior  to  the  latter;  consequently  more  than  95  per  cent 

'  Received  September  3,  1921. 

2  Associate  Chemist,  Oregon  Agricultural  Experiment  Station. 


of  the  lead  arsenate  on  the  market  is  the  lead  hydrogen  ai-se- 
nate  form. 

Chemical  analyses  of  samples  of  lead  arsenate  submitted 
to  the  chemical  department  of  the  Oregon  Experiment  Station 
during  the  past  several  years  have  shown  that  manufac- 
turers are  producing  a  very  high-grade  product,  free  from 
impurities,  and  low  in  water-soluble  arsenic.  Representa- 
tive samples  were  analyzed  in  1920.  Table  I  gives  the  results 
obtained. 

Tiic  composition  of  the  arsenates  indicates  only  a  slight 
variation  between  the  different  brands.  Furtiiermoro, 
this  variation  is  not  due  to  the  presence  of  impurities.  All 
the  samples  reported  are  of  the  lead  hydrogen  arsenate  form, 
containing  small  amounts  of  the  neutral  lead  arsenate,  which 
accounts  mainly  for  the  slight  variation  in  composition  of 
the  different  brands.     The  low  water-soluble  ai-sonic  content 
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Table  I — Analyses  of  Commercial  Brands  of  Lead  Arsenate 


Total 

Total 

Water-Soluble 

Brand 

PbO 

AsiOs 

As:;Os 

A 

63.82 

31.80 

0.06 

B 

63.96 

32.53 

Trace 

C 

63.19 

31.64 

0.04 

D 

64.14 

32.19 

Trace 

E 

64.41 

31.27 

0.06 

F 

63.87 

32.36 

Trace 

G 

65.71 

30.46 

Trace 

H 

64.86 

30.75 

0.12 

I 

63.93 

32.07 

0.17 

J 

63.74 

32.94 

0.07 

K 

64.41 

31.84 

Trace 

L 

63.74 

31.04 

0.16 

Fig.  1- 


-Natural  Settling  Properties  of  Some  Commercial 
Lead  Arsenates 


of  all 'samples  further  emphasizes  the  high  degree  of  purity 
of  the  commercial  brands  that  are  now  found  on  the  market. 
We  can  conclude,  therefore,  from  these  and  numerous  other 
analyses,  that  from  the  standpoint  of  their  chemical  com- 
position aU  brands  of  lead  arsenate  are  safe  to  use  and  equally 
efficient  results  are  to  be  expected  from  any  of  them. 

Any  apparent  differences  in  brands  of  lead  arsenate  now 
on  the  market  may,  therefore,  be  ascribed  to  their  physical 
properties.  A  high-grade  arsenical  that  will  give  best  control 
of  insect  pests  should  not  only  contain  a  certain  proportion 
of  arsenic,  but  should  also  be  in  a  very  fine  state  of  sub- 
division so  that  it  will  remain  suspended  in  water  for  a  reason- 
able length  of  time  and,  when  sprayed,  wUl  adhere  well  and 
form  a  thin,  uniform  film  of  the  poison  on  the  surface  to  be 
covered.  Superficial  examination  of  the  various  commercial 
brands  indicates  that  they  differ  widely  in  their  physical 
properties.  Some  are  finely  ground,  fluffy  and  bulky;  others 
are  coarse-grained  and  compact.  Again  we  find  some  brands 
which  contain  a  fraction  of  a  per  cent  of  an  organic  substance 
which  tends  to  hold  the  arsenate  suspended  in  water  for  a 
long  period  of  time.  For  the  sake  of  convenience,  we  shall 
refer  to  this  substance  as  a  "deflocculent"  or  "spreader," 
since  it  functions  chiefly  by  causing  deflocculation  of  the 
particles  when  suspended  in  water  and  manufacturers  claim 
that  better  spreading  of  the  arsenical  is  obtained  when  this 
material  is  added.  The  efficiency  of  the  spray  material  is 
no  doubt  enhanced  by  the  addition  of  a  deflocculent,  pro- 
vided it  adheres  better  and  causes  the  drops  of  spray  to  flatten 
out  and  spread  over  a  greater  area. 

In  order  to  ascertain  whether  these  differences  are  of  such 
magnitude  that  one  brand  may  be  classified  as  superior  to 
another,  a  study  has  been  made  of  the  physical  properties 
of  twelve  brands  collected  in  the  market  in  1920. 

Specific  Gravity  and  Dry  Volume 

The  specific  gravity  of  a  commercial  lead  arsenate  may 
reflect  a  favorable  or  an  unfavorable  physical  condition 
for  sprajdng  purposes.  It  was  determined  by  ascertaining 
the  weight  of  toluene  displaced  by  a  known  quantity  of  the 


Specific  Gravity 

Brand 

at20V4° 

A 

5.69 

B 

5.87 

C 

5.89 

D 

5.91 

E 

5.82 

F 

5.88 

G 

6.01 

H 

5.91 

I 

5.62 

J 

5.80 

K 

5.91 

L 

5.84 

lead  arsenate.  Care  was  taken  to  remove  occluded  air  by 
placing  the  pycnometer  in  an  exhausted  desiccator. 

It  has  been  observed  that  some  brands  of  lead  arsenate 
are  fight  and  fluffy  and  occupy  a  comparatively  large  volume, 
while  others  are  compact  and  granular.  To  correlate  the 
apparent  dry  volume  with  other  data,  gram  portions  were 
weighed  out  and  transferred  to  graduated  oO  tubes  of  the 
type  shown  in  Fig.  1.  As  the  lower  part  of  these  tubes 
taper,  the  volume  occupied  may  be  read  accurately  to  0.1 
cc.  The  tubes  were  tapped  gently  until  the  arsenates  ceased 
to  settle  and  the  volumes  recorded. 

Table  II  gives  the  specific  gravity  at  20°  C.  referred  to 
water  at  4°  C.  and  the  dry  volume  for  the  twelve  brands 
under  observation. 

Table  II — Specific  Gravity  of  Commercial  Brands  of  Lead  Arsenate 

Dry  Volume 
Cc.  per  Gram 
4.3 
2.5 
1.9 
3.4 
2.6 
3.0 
3.2 
3.4 
1.8 
2.5 
1.9 
2.3 

The  above  results  indicate  only  sUght  differences  in  the 
specific  gravity  of  the  various  commercial  lead  arsenates. 
Apparently  there  is  no  correlation  between  the  specific 
gravity  and  the  dry  volume.  Some  brands  occupy  more 
than  twice  the  dry  volume  of  certain  other  brands. 

Settling  Tests 

The  length  of  time  an  arsenical  wiU  remain  suspended  in 
water  is  an  indication  to  a  Hmited  extent  of  the  size  of  the 
integral  particles.  The  larger  granules  will  settle  immediately 
while  the  fine,  flour-like  particles  wiU  remain  suspended  in 
water  for  a  longer  period  of  time.  A  lead  arsenate  containing 
fine,  flour-like  particles  is,  of  course,  more  desirable.  In 
order  to  judge  clearly  between  brands,  distinction  must  be 
made  between  a  lead  arsenate  that  consists  mainly  of  very 
fine  particles  and  one  that  contains  a  high  percentage  of 
coarse  particles  together  with  a  small  amount  of  very  fine 
particles  that  will  remain  in  suspension  a  long  time  and  render 
in\-isible  the  larger  particles  that  settle  immediately. 

To  determine  the  relative  amounts  of  fine  particles  of  the 
various  c6mmercial  brands  of  lead  arsenates  which  remained 
in  suspension  during  a  definite  length  of  time,  oil  tubes  con- 
taining 100  cc.  of  water  and  1  g.  of  the  lead  arsenate  were 
prepared.  The  tubes  were  agitated  thoroughly  and  photo- 
gTaphs  were  taken  after  settUng  for  5  min.  Since  all  the 
brands  which  contained  deflocculents  were  similar  and  those 
which  did  not  contain  defiocculents  were  also  similar,  only 
one  photograph  of  a  few  of  the  contrasting  brands  is  re- 
produced in  Fig.  1. 

It  -niU  be  observed  that  Brands  I  and  E,  which  contained 
deflocculents,  remained  in  suspension  while  B  and  G  settled. 
The  photographs  (not  reproduced  here)  of  Brands  A,  C, 
D,  H,  J,  and  K  were  similar  to  B  and  G.  Brands  F  and  L 
(not  reproduced  here),  both  of  which  contain  deflocculents, 
were  similar  to  E  and  I. 

Chemical  tests  showed  that  those  brands  Vhich  remain 
in  suspension  for  a  long  period  of  time  contained  defloccu- 
lents. These  deflocculents  were  identified  in  three  of  the 
brands  and  were  found  to  be  harmless  as  an  ingredient  of 
a  spray  material.  Since  these  deflocculents  seem  to  penetrate 
the  lead  arsenate  aggregates  and  cause  them  to  subdivide 
instead  of  clinging  together  in  clusters  that  settle  rapidly, 
certain  physical  properties  are  no  doubt  improved  by  the 
addition  of  such  materials. 
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Tlic  oil  tube  marked  S  in  Fig.  1  exemplifies  similai'  sus- 
pension and  deflocculating  characteristics  that  may  bo  pro- 
duced in  any  commercial  arsenate  by  the  addition  of  certain 
substances.  This  oil  tube  contains  Brand  G  in  water  sus- 
pension, together  with  a  small  amount  of  calcimn  caseinate 
added  as  a  deflocculent.  Laboratory  experiments  show  that 
■calcium  caseinate,  glue,  soap  solution,  tannin,  certain  sugars, 
gum  arable,  oil  emulsions,  and  dextrin  act  as  deflocculents 
when  used  in  certain  amounts  and  probably  are  as  good  as 
those  added  to  the  four  commercial  brands.  However, 
it  is  impractical  for  the  consumer  to  use  some  of  them,  and 
others  react  chemically  with  lead  arsenate  and  would  cause 
burning  of  foliage;  hence,  it  is  not  advisable  to  reconmiend 
definitely  at  this  time  how  they  may  be  employed. 

Fig.  1  and  the  photographs  of  the  other  brands  not  repro- 
duced here  do  not  show  some  particular  points  that  are  dis- 
tinctive of  each  brand.  A  low  percentage  of  very  fine  par- 
ticles may  remain  in  suspension  and  tend  to  obscure  the 
actual  physical  condition.  Close  examination  during  the 
settling  process  warrants  the  following  remarks  regarding 
the  samples  under  observation:  The  small  particles  of  Brands 
E  and  I,  which  contain  deflocculents,  were  held  in  suspension 
while  the  larger  granules  settled.  The  former  had  a  much 
higher  percentage  of  the  coarse  particles  than  the  latter. 
Brands  A,  C,  and  D  contained  a  low  percentage  of  coarse 
particles,  the  relative  amounts  increasing  in  the  order  named. 
Brand  B  was  very  uniform  and  finely  subdivided;  none  of 
the  larger  granules  that  were  plainly  visible  in  most  of  the 
other  brands  could  be  detected.  Brand  G  was  peculiar  in 
that  it  contained  a  comparatively  high  percentage  of  very 
coarse  sand-like  granules  whOe  it  also  showed  a  large  amount 
of  very  fine  flour-like  particles.  Brands  K  and  L  showed 
a  very  high  percentage  of  coarse  particles,  although  the  latter 
contained  a  deflocculent  that  held  the  smaller  particles  in 
suspension.  Brands  F,  H,  and  J  contained  a  medium 
amount  of  coarse  granules,  while  the  remainder  apparently 
were  fine  and  uniform  in  size. 

The  photographs  show  that  one  brand  of  lead  arsenate 
will  remain  in  suspension  in  water  longer  than  another,  but 
only  the  approximate  amount  can  be  judged.  In  order  to 
show  the  actual  amounts  that  remain  in  suspension  after 
5  min.,  two  methods  were  employed: 

I — The  glass  tubes  shown  in  the  photograph,  containing 
1  g.  of  the  arsenate  and  100  cc.  of  water,  were  thoroughly 
shaken  and  allowed  to  stand  5  min.  The  particles  which 
remained  in  suspension  were  siphoned  off  with  the  super- 
natant liquid,  evaporated  to  dryness  at  100°  C.,  and  weighed. 
The  amount  that  settled  was  calculated  by  difference. 

II — The  other  method  was  more  rapid  but  not  so  accurate. 

A  1-g.  sample  was  introduced  into  the  graduated  oil  tube 
containing  100  cc.  of  water.  After  shaking  thoroughly  the 
tube  was  centrifuged  for  1  min.  at  1200  r.  p.  m.  and  the  volume 
of  tlie  settled  arsenate  was  noted.  The  tube  was  again 
shaken,  allowed  to  stand  5  min.,  and  the  supernatant  Uquid 
and  particles  in  suspension  siphoned  off.  The  tube  was 
again  centrifuged  and  a  second  reading  taken  of  the  settled 
arsenate.  From  the  two  readings  the  percentages  of  lead 
arsenate  which  settled  and  remained  in  susjiension  were 
calculated.  Table  III  gives  the  results  obtained  for  the 
twelve;  brands. 

The  results  indicate  a  perceptible  difference  in  the  various 
brands  of  lead  arsenate.  Since  only  the  very  fine  particles 
remain  in  suspension,  the  percentages  reflect  to  a  certain 
extent  tiie  relative  amounts  of  large  and  small  particles. 
The  four  brands  containing  a  deflocculent  naturally  show 
the  highest  amounts  that  remain  in  suspension.  The  other 
brands  did  not  vary  greatly  in  the  amounts  that  settled  and 
remained  in  suspension.  It  is  interesting  to  note  that  Brand 
G,  which  showed  in  tiie  settling  tests  the  presence  of  a  larger 


TABI.E  III — Settling  TtiSTs  on  Lead  Arsenate 


Method  I 

Method 

II 

RAND 

In  Suspension 

Settled 

In  Suspension 

Settled 

A 

1.78 

98.22 

2.4 

97.6 

B 

3.63 

96.37 

4.2 

95.8 

C 

1.84 

98.16 

2.2 

97.8 

D 

2.50 

97.50 

1.7 

98.3 

E 

90.75 

9.25 

90.2 

9.8 

F 

71.62 

28.38 

71.5 

28.5 

G 

8.96 

91.04 

9.6 

90.4 

H 

4.85 

95.15 

5.0 

95.0 

I 

76.60 

23.40 

72.2 

27.8 

J 

2.64 

97.36 

1.7 

98.3 

K 

2.85 

97.15 

2.6 

97.4 

L 

12.84 
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12.7 
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Fig,  2 — Percentages  of   Particles    of    Commercial   Lead    Arsenats 
Settling  after   Deflocculation   with   Gum   Arabic 


amount  of  coarse,  granular  particles  than  any  other  brand, 
also  contained  a  high  percentage  of  the  smaller  particles  tjiat 
remained  in  suspension. 

CoMPAE.'VTiVE  Size  of  Particles 

The  foregoing  work  does  not  give  a  true  indication  of  the 
comparative  size  of  the  particles  in  the  various  commercial 
brands  of  lead  arsenate  because  the  presence  of  a  deflocculat- 
ing agent  in  some  of  the  brands  functioned  by  further  sub- 
dividing the  clusters  of  fine  particles  when  added  to  water. 
In  order  to  compare  all  brands  on  the  same  basis  an  attemjjt 
was  made  to  find  some  organic  substance  which  would  act 
as  a  deflocculating  agent  for  all  brands  aUke  and  yet  not 
cause  precipitation  of  particles  in  those  brands  which  con- 
tained a  deflocculent  that  had  been  added  by  the  manu- 
facturer. iVftcr  experiments  with  several  sulxstances  gum 
arable  proved  satisfactory.  The  graduated  oil  tubes  were 
filled  to  the  100-cc.  mark  with  a  0.2  per  cent  solution  of  gum 
arable  and  1-g.  i)ortions  of  the  liilTerent  brands  were  added 
to  separate  tulies.  .\fter  occasional  shaking  during  2  hrs., 
the  small  |)articles  were  completely  dcflocculated,  and  the 
larger  ones  remained  unchanged.  Settling  tests  of  the  differ- 
ent brantls  were  then  made.  At  stated  intervals  readings 
were  taken  of  the  amount  that  settled,  and  finally  the  per- 
centages which  had  settled  in  a  given  time  were  (calculated. 
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Curves  plotted  from  the  percentages  which  settled  in  the 
time  specified  are  shown  in  Fig.  2. 

All  of  the  curves  except  the  one  for  Brand  B  indicate  a 
rapid  settling  during  the  first  2  min.,  after  which  it  becomes 
slower.  This  is  due  to  the  coarse  granules,  which  are  not 
affected  by  the  deflocculating  substance.  The  amount  of 
these  coarse  particles  also  indicates  that  portion  of  the  lead 
arsenate  that  probably  is  not  of  much  benefit  as  a  spray, 
since  large  granules  will  not  adhere  and  are  washed  off  easily 
by  the  rain.  Specific  points  regarding  the  size  of  particles 
are  as  follows:  The  curve  for  Brand  B  indicates  that  this 
arsenate  was  the  most  uniform  and  contained  the  least  amount 
of  coarse  particles.  The  curves  for  Brands  A,  C,  and  D 
showed  that  these  brands  contained  about  12,  13.5,  and  15 
per  cent,  respectively,  of  large  granules  and  were  similar  in 
general  physical  characteristics.  Brands  E,  F,  G,  H,  I,  and 
J  contained  between  15  and  20  per  cent  of  large  granules. 
Brand  G  was  especially  noticeable,  because  part  of  the  large 
granules  were  very  coarse  and  sand-like  in  structure;  Brand 
H  also  contained  a  smaller  amount  of  similar  size.  As 
indicated  by  the  curves,  Brands  K  and  L  were  abnormal. 
While  they  did  not  contain  a  greater  amount  of  very  coarse 
granules  than  the  average  brand,  a  high  percentage  of  all 
particles  was  so  large  that  they  were  not  acted  upon  by  the 
deflocculating  agent  and  consequently  settled  quickly. 
This  indicates  an  undesirable  physical  condition.  These 
two  brands  contained  also  a  medium  amount  of  very  fine 
particles  which  did  not  settle  in  24  hrs. 

MiCHOPHOTOGRAPHS  OP  LeAD  ARSENATE  PARTICLES 

In  order  to  gain  further  information  regarding  the  size 
of  the  particles  of  different  brands  of  lead  arsenate  and  to 
distinguish  between  their  spreading  properties,  microphoto- 
graphs  were  taken  of  drops  of  the  spray  which  had  been 
transferred  to  clean  slides  and  dried  at  room  temperature. 
All  slides  were  prepared  by  shaking  100  cc.  of  water  containing 
1  g.  of  the  lead  arsenate  and  removing  a  small  drop  by  means 
of  a  capillary  glass  tube.  The  white  sections  in  the  photo- 
graphs (Fig.  3)  are  the  lead  arsenate  particles. 

Photographs  of  all  the  different  brands  are  not  reproduced 
here  on  account  of  the  great  similarity  between  many  of  them. 
It  will  be  observed  from  the  prints  that  the  main  contrasting 
differences  were  between  those  brands  containing  defloccu- 
lents  (Brands  E  and  I)  and  those  without  the  deflocculents 
(Brands  G  and  B).  Apparently  brands  containing  a  defloc- 
culating agent  are  superior  to  the  others  since  the  particles 
seem  smaller,  uniform  in  size,  and  tend  to  form  an  ideal  film. 
Brands  without  spreaders,  on  the  other  hand,  seem  to  be 
grouped  in  somewhat  irregular  clusters  with  interstices 
between  the  groups  of  particles,  or  to  run  unevenly  to  one 
side  to  form  a  thick  mass,  as  indicated  by  B.  It  is  probable 
that  the  latter  would  be  washed  off  quickly  by  the  continued 
action  of  rain  and  heavy  dew,  while  brands  containing  a 
deflocculating  agent  would  offer  less  resistance  and  conse- 
quently tend  to  adhere  longer  to  the  surface  covered. 

Discussion 

Of  the  differences  in  the  physical  properties  of  commercial 
brands  of  lead  arsenate  that  may  affect  the  efficiency  of  the 
spray,  the  size  of  the  particles  and  their  power  to  spread  is 
perhaps  of  most  importance.  All  brands  contain,  apparently, 
80  per  cent  or  more  of  fine  flour-Uke  particles  that  would  be 
effective  either  as  a  dust  spray  or  in  water  medium.  These 
fine  particles  do  not,  however,  spread  over  the  surface  as 
well  as  is  desired  and  consequently  spreaders,  such  as  soap 
solution,  oil  emulsions,  and  other  substances,  are  used  by 
orchardmen  in  some  sections  of  the  country  to  augment  the 
spreading    properties.     Under    some    climatic    conditions. 


however,  these  spreaders  cannot  be  used  owing  to  reaction 
with  the  lead  arsenate  in  which  soluble  arsenic  is  formed, 
which  subsequently  causes  burning  of  foliage.  The  need, 
therefore,  of  an  efficient,  harmless  spreader  for  lead  arsenate- 
is  recognized.  In  four  of  the  commercial  brands  studied, 
organic  substances,  or  "deflocculating  agents,"  have  been 
incorporated  in  the  lead  arsenate  during  the  manufacturing; 


Fig.  3 — Microphotograpbs  op  Particles  of  Commercial  Lead 

Arsenates 

(Approx.  15  Diameters) 


process.  These  materials  are  harmless  and  function  chiefly 
by  penetrating  the  clusters  of  very  fine  particles,  causing 
them  to  deflocculate  and,  aided  by  the  soluble  deflocculent, 
to  remain  in  suspension  in  water  for  a  long  time.  Sub- 
division of  clusters  of  fine  particles  or  deflocculation  obviously 
would  increase  the  spreading  properties.  It  would  like- 
wise probably  increase  the  adhering  properties  since  a  smooth, 
even  coating  is  made  instead  of  thick  spots  scattered  over 
the  sprayed  surface.  On  the  other  hand,  a  deflocculating 
agent,  or  a  spreader,  would  be  of  no  benefit  if  the  particles 
were  large  and  granular,  as  exemplified  by  Brand  L. 

It  may  be  claimed  that  from  90  to  100  per  cent  control 
has  been  obtained  with  ordinary  lead  arsenate  and  conse- 
quently no  further  benefit  would  be  derived  from  the  addition 
of  a  deflocculating  agent  or  spreader.  This  is  no  doubt 
true,  especially  in  experimental  work  carried  on  at  State 
Experiment  Stations,  where  utmost  care  is  used  by  an  expert 
in  the -appUcations  of  the  spray  and  where  efficient  high- 
powered  spray  outfits  are  employed.  On  the  other  hand, 
in  most  of  our  commercial  orchards,  careless  manipulation, 
combined  with  faulty  or  indifferent  appHcation  of  spray 
material  has  to  be  contended  with.  In  the  latter  case  the 
addition  of  an  efficient  deflocculating  agent  or  spreader 
would  minimize  poor  results. 

The  physical  properties  of  an  arsenate  of  lead  should  be 
optimum  to  obtain  maximum  spreading  and  adherence  of 
the  spray  material  by  the  addition  of  an  efficient  defloccu- 
lent. The  amount  of  lead  arsenate  that  wiU  remain  in  sus- 
pension in  water  for  a  specified  length  of  time  is  perhaps- 
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the  best  indication  of  its  efficiency.  If  most  of  the  particles 
of  a  lead  arsenate  containing  a  deflocculent  settle  imme- 
diately while  there  is  just  sufficient  in  suspension  to  obscure 
its  real  physical  condition,  such  an  arsenate  will  not  be  as 
efficient  as  another  with  better  physical  properties  and  having 


no  spreader.  The  practical  efficiency  of  any  deflocculent 
or  spreader  that  may  be  added  to  a  commercial  lead  arsenate 
can  best  be  determined  by  comparison  of  results  obtained 
in  field  practice  where  ordinary  care  only  is  exercised  in  the 
apphcation  of  the  spray. 


Naphthalenesulfonic  Acids" 

IV — Solubilities  of  Some  Amino  Salts  of  Naphthalenesulfonic  Acids 

By  H.  Wales' 

Color  Investigation  Laboratory,   Bureau  op  Chemistry,  Washington,  D.   C. 


In  the  following  paper  the  solubilities  of  the  salts  a-  and  fi-naph- 
thylamine  with  some  naphthalenesulfonic  acids  have  been  de- 
termined between  25°  and  98°  C.  and  the  results  plotted.  Allo- 
tropic  changes  are  indicated  for  two  of  the  salts  and  an  interesting 
relation  between  the  solubility  and  structure  of  a  series  of  isomers 
is  shown. 

THE  method  of  Ambler  and  \\nierry'  for  the  separation 
and  identification  of  the  sulfonic  acids  of  naphthalene 
depends  upon  the  formation  of  insoluble  salts  with 
a-  and  (3-naphthylamine.  With  the  exception  of  their  solu- 
bilities, which  were  noted  in  only  a  general  way,  all  properties 
of  these  salts  have  been  thoroughly  described.^  Inasmuch 
as  their  complete  separation  depends  upon  the  solubiUty, 
it  was  thought  advisable  to  determine  this  over  a  wide  range 
of  temperatures. 

Method 

An  excess  of  the  salt  was  placed  in  a  thermostat  with  the 
solvent  and  stirred  at  constant  temperature  for  one  day. 
At  the  end  of  this  period  a  weighed  amount  of  solution  was 
drawn  od  through  a  pipet  having  a  cotton  plug  over  the  end, 
evaporated  to  dryness,  and  the  residue  weighed.  No  diffi- 
culty caused  by  crystallization  in  the  pipet  was  experienced 
at  high  temperatures  for  the  reason  that  all  the  salts  used 
form  highly  supersaturated  solutions.  Fure  water  proved 
to  be  impossible  for  use  as  a  solvent,  because  of  the  rapid 
hydrolysis  of  the  more  soluble  compounds.  However,  a 
0.01  AT  solution  of  hydrochloric  acid  was  sufficient  to  pre- 
vent hydrolysis  except  in  the  case  of  a-naphthylamine 
naphthalene-l,6-disulfonate.  No  effect  of  acid  of  this 
strength  on  the  solubility  could  be  determined,  and  the 
solvent  has  the  added  advantage  of  more  nearly  giving  the 
conditions  under  which  the  salts  are  prepared''  and  used  in 
detecting  the  sulfonic  acids. 

In  the  case  of  a-naphthylamine  naphthalene-l,6-disul- 
fonate,  the  rapid  hydrolysis  of  this  salt  made  a  slightly 
different  method  necessary.  The  solvent,  heated  to  a  tem- 
perature_  15°  to  20°  higher  than  that  desired,  was  placed  in 
a  Dewar  bulb  with  more  than  enough  salt  for  saturation 
at  this  higher  temperature.  The  liquid  was  then  allowed 
to  cool  slowly  with  rapid  stirring.  When  the  desired  tem- 
perature was  reached,  after  2  or  3  hrs.,  a  portion  was  drawn 
off  through  a  plugged  pipet  and  treated  as  above.  Freshly 
prepared  samples  were  used  in  all  these  determinations  since 
it  was  found  that  on  standing  for  several  months  changes 
took  place  which  seriously  affected  the  solubility.    For  ex- 

'  Received   November  28.   1921. 

2  Published  as  Contribution  50.  from  the  Color  Investigation  Labora< 
tory.  U.  S.  Bureau  of  Chemistry,  Washington,  D.  C. 

3  Associate  Chemist   (Physical). 

<  This  Journai.,  12  (1920),   108.5. 
'Ambler,  Ibid,   12   (1920),    lOSl,    1194. 


ample,  a-naphthylamine  naphthalene-a-sulfonate  and  a- 
naphthylamine  naphthalene-l,6-disulfonate  showed  much 
lower  solubilities  while  the  a-0,  and  a-l,5-compounds 
became  almost  twice  as  soluble.  The  nature  of  this  change 
is  not  understood  at  this  time.  No  change  in  this  new  com- 
pound could  be  brought  about  by  recrystaUization. 


Considerable  difficulty  was  experienced  with  solutions 
of  a-naphthylamine  naphthalene-2,7-disulfonate  above  70° 
C.  and  with  all  solutions  of  a-1,6,  since  on  jiartial  evaporation 
on  the  steam  bath  these  solutions  would  set  to  solid  masses 
from  which  the  last  traces  of  water  could  be  removed  only 
by  prolonged  heating. 

Results 

The  results,  calculated  to  grams  of  salt  in  100  g.  of  solvent, 
are  given  in  the  acconiijanying  table.  When  plotted,  these 
results  give  the  curves  shown  in  the  charts. 

An  interesting  relation  between  the  structure  of  a  series 
of  isomers  and  their  solubilities  is  apparent  from  these  re- 
sults. From  the  very  meager  information  available  on  the 
solubilities  of  isomers  it  was  noted  tiiat  the  para  or  most 
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symmetrical  isomer  is  the  least  soluble,*  and  that  the  order 
of  solubility  of  the  ortho  and  meta  compounds  varies  accord- 
ing to  the  solvent.  In  general,  the  order  is  o-m-p  for  water 
and  m-o-p  for  all  other  solvents  except  alcohol.  For  alcohol 
both  arrangements  are  found. 

In  the  case  of  these  compounds  which  are  salts  of  disiU- 
fonic  acids,  the  order  of  solubihty,  starting  with  the  most 


soluble,  is:  epi-  1,6;  pros-,  2,7;  amphi-,  2,6;  ana-,  1,5 
for  the  a-naphthylamine  salts;  and  epi-,  1,6;  pros-,  2,7: 
ana-,  1,5;  amphi-,  2,6  for  the  /3-naphthylamine  salts.  The 
formulas 


2,6 

Amphi- 

show  clearly  that  the  ana-  and  a?np/i!-acids  are  the  most 
symmetrical.  The  influence  of  the  base  apparently  de- 
termines which  shall  be  the  least  soluble.  The  epi-compound, 
on  the  other  hand,  shows  no  sjonmetry  and  is  found  to  give 
the  most  soluble  salts  ^dth  both  a-  and  j3-naphthylamine. 
The  pros-  compound,  while  showing  the  symmetry  of  neither 
the  ana-  nor  ampfti-isomers,  has  symmetry  about  the  line 
of  the  two  common  carbon  atoms  and,  as  would  be  expected, 
is  more  soluble  than  either  of  the  latter  but  less  soluble 
than  the  epi-compound. 

The  curve  for  a-naphthylamine  naphthalene-/3-suKonate 
shows  an  allotropic  change  at  about  54°  C.  and  that  for 
a-naphthylamine  naphthalene-a-sulfonate,  one  at  about 
66°  C.  These  aUotropic  forms  have  not  yet  been  isolated. 
The  forms  described  by  Ambler  are  probably  represented 
by  the  lower  parts  of  these  curves.  Wlien  a  solution  of  j3- 
naphthylamine  naphthalene-a-sulfonate  is  saturated  at 
the  boiling  point  and  cooled  rapidly  without  stirring,  a  stiff 
jelly  is  formed,   which,   if  disturbed,   will   quickly   change 

•  The  only  exception  found  was  that  of  the  dinitrobenzenes  with  water 
as  a  solvent. 


to  the  crystalline  variety.  The  solubility  measurements, 
however,  gave  no  evidence  of  a  transition  point  below  100° 
C.  The  curve  for  the  ferrous  salt  of  the  naphthalene-^- 
sulfonate  is  also  shown  as  this  compound  is  the  one  used 
to  identify  the  /3-acid.  Although  this  salt  crystallizes  at 
ordinary  temperatures  with  six  molecules  of  water  of  crystal- 
lization, and  no  break  was  found  on  the  solubility  curve,  it 


was  thought  advisable  to  express  all  values  in  terms  of  the 
anhydrous  salt. 

Solubilities   op  Some   Amino   Salts   of   Naphthalenesulfonic   Acids 
IN  Grams  pee  100  Grams  of  Solvent  (0.01  N  HCI) 


a- 

Naphlhylamine  Sails 

"  c. 

a-1,5 

(1-1,6 

o-2,6 

..-2,7 

25 

0.0605 

2.29 

0.5170 

0.8689 

30 

0.0694 

3.20 

0.6082 

0.9805 

35 

0.0853 

4.21 

0.7178 

1.162 

40 

0.0972 

7. IS 

0.8943 

1.364 

45 

0.1033 

9.59 

1.005 

1.599 

50 

0.1253 

1.161 

1.931 

55 

0.1563 

1.288 

2.405 

60 

0.1638 

1.462 

3.386 

70 

0.2212 

2.062 

10.3 

80 

0.2902 

2.881 

35.2 

90 

•      0.4010 

3.770 

87.7 

98 

0.4635 

4.724 

fi- 

Naphlhylamine  Salts 

°  C. 

^-1,5 

/3-l,6 

;3-2,6 

P-2,7 

25 

0.0727 

0.2952 

0.0296 

0.1327 

30 

0.0765 

0.3898 

0.0386 

0.1454 

35 

0.0S87 

0.4934 

0.0412 

0.1917 

40 

0.1107 

0.5600 

0.0422 

0.2160 

45 

0.1233 

0.6789 

0.0594 

0.2737 

50 

0.1493 

0.8105 

0.0614 

0.3312 

55 

0.1701 

0.9546 

0.0702 

0.4241 

60 

0.1882 

1.245 

0.0806 

•0.4684 

70 

0.2.562 

1.852 

0.1093 

0.6791 

80 

0 .  3204 

2  695 

0.1626 

0.9735 

90 

0.4427 

4.019 

0.2207 

1.433 

98 

0.5887 

5.726 

0.2943 

1.861 

Monosulfonates 

"  C. 

a- a 

a-e 

fi-0 

fi-a 

Fe-/S  (anhyd.) 

25 

0.3125 

0 

2039            0 

0563 

0.1735 

•   0.3022 

30 

0.4131 

0 

2391            0 

0599 

0.2078 

0.3470 

35 

0.5007 

0 

2985           0 

0736 

0.2533 

0.4233 

40 

0.5991 

0 

3675           0 

0816 

0.3150 

0.5135 

45 

0.7340 

n 

4420           0 

1008 

0.3985 

0.6174 

50 

0.8356 

0 

5398           0 

1171 

0.4954 

0.7711 

55 

0.9733 

0 

6246           0 

1434 

0.6044 

0.9171 

60 

1.113 

0 

6542           0 

1656 

0.7391 

1.056 

70 

1.368 

0 

8493           0 

2393 

1.141 

1.393 

80 

1.571 

1 

283             0 

3395 

1.829 

1.985 

90 

2.028 

2 

132             0 

4667 

2.980 

2.882 

98 

2.651 

2 

951              0 

6218 

4.790 

3.764 
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Solubility  of  Sulfur  in  Rubber" 

By  C.  S.  Venable  and  C.  D.  Greene 
RssSARcn  Laboratory  of  Applied  Chemistry,  Massachusetts  Institute  of  Technology,  Cambridge,  Massachusetts 


The  degree  of  solubility  of  free  sulfur  in  rubber  under  various 
conditions  has  a  practical  as  well  as  a  theoretical  interest.  For 
example,  this  solubility  is  one  of  the  two  determining  factors  in 
the  well-l^nown  phenomenon  of  "blooming."  The  presence  of 
an  excess  of  free  sulfur  unquestionably  plays  an  important  role 
in  the  aging  of  rubber  goods.  Furthermore,  a  number  of  theories 
as  to  the  mechanism  of  vulcanization  presuppose  as  the  first  step 
the  melting  of  the  sulfur  and  its  solution  in  the  rubber,  and  involve 
a  difference  in  solubility  of  free  sulfur  as  vulcanization  proceeds. 

The  following  paper  records  preliminary  work,  on  this  important 
subject.  The  solubility  of  sulfur  in  rubber  apparently  increases 
slowly  with  the  vulcanization  coefficient,  more  rapidly  as  the  tem- 
perature increases.  With  a  coefficient  greater  than  7  per  cent  com- 
bined sulfur,  solubility  values  could  not  be  obtained  by  the  method 
used  because  the  rubber  became  almost  impermeable  to  free  sulfur. 
This  impermeability  probably  has  much  more  to  do  with  the  non- 
blooming  of  hard  rubber  stocks  than  has  the  slightly  increased 
solubility  for  free  sulfur. 

IN  spite  of  the  importance  of  the  subject,  no  quantitative 
data  have  been  published  on  the  solubility  of  sulfur  in 
rubber.  Practically  the  only  results  recorded  are  those 
of  Skellon,'  who  placed  together  thin  sheets  of  rubber  con- 
taining different  amounts  of  rubber  and  heated  them  to  the 
vulcanization  temperature.  By  analyzing  for  free  sulfur  he 
determined  in  which  direation  the  sulfur  had  migrated. 
Obviously,  he  could  thus  obtain  only  approximate  limits  for 
sulfur  solubihty.  The  maximum  solubility  at  130°  to  140° 
was  apparently  at  about  10  per  cent  sulfur,  and  the  solubihty 
increased  with  the  degree  of  vulcanization,  a  point  of  view 
which  has  often  been  taken  in  explaining  the  non-blooming 
of  hard  rubber.  Skellon  did  show  that  the  sulfur  distributed 
itself  fairly  rapidly  through  the  rubber  in  all  directions.  It 
is,  of  course,  known  that  the  solubility  decreases  as  the 
temperature  is  lowered. 

In  order  to  secure  more  definite  information,  the  following 
investigation  was  carried  out  in  connection  with  some  co- 
operative work  for  the  Goodyear  Tire  and  Rubber  Company 
and  is  now  published  with  their  permission.  The  experimen- 
tal determination  of  these  solubility  figures  was  a  rather 
difficult  problem.  Even  the  best  procedure  which  this 
Laboratory  was  able  to  develop  did  not  give  satisfactory 
results  at  any  temperature  for  values  of  combined  sulfur 
exceeding  7  per  cent,  and  there  is  some  doubt  about  several 
points  obtained  at  the  lower  temperatures  for  values  of  com- 
bined sulfur  less  than  7  per  cent.  The  results  must  therefore 
be  considered  as  preliminary,  but  their  publication  seems 
desirable  in  view  of  the  existing  lack  of  information. 

Procedure 

The  method  adopted  was  to  pack  in  flowers  of  sulfur  thin 
strips  of  rubber  stock  that  had  been  compounded  with  differ- 
ent amounts  of  sulfur  (0  to  20  per  cent  on  the  weight  of  rubber 
used),  and  to  keep  the  pack  at  the  desired  temperature  until 
equilibrium  was  established  between  strip  and  sulfur.  The 
samples  were  then  analyzed  for  free  and  combined  sulfur. 

'  Presented  before  the  Division  of  Rubber  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
0  to  10,  1921. 

^  Published  as  Contribution  No.  44  from  the  Research  Laboratory 
of  Applied  Chemistry,  M.  I.  T. 

'  Kolloid  Z.,  14   (1914),  96. 


Equihbrium  was  approached  from  above  and  below,  that 
is,  from  an  excess  and  a  deficiency  of  original  free  sulfur. 
If  the  sample  contained  a  deficiency  of  free  sulfur,  sulfur 
migrated  in  and  equilibrium  was  fairly  quickly  established. 
On  the  other  hand,  if  the  original  sample  possessed  a  large 
excess  of  free  sulfur,  usually  present  as  crystals  within  the 
rubber,  httle  if  any  of  the  excess  sulfur  migrated  to  the  out- 
side of  the  sheet.  Consequently,  aU  samples  were  given  a 
preliminary  heating  at  120°  C.  to  insure  complete  solution 
of  the  crystals  before  placing  in  the  pack.    It  is  common 
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experience  that,  in  the  absence  of  crystaUization  centers  with- 
in the  rubber,  a  supersaturated  solution  forms,  and  the  ex- 
cess sulfur  tends  to  migrate  to  the  outside  until  equihbrium 
is  approached.  This  short  heating  at  120°  was  repeated 
when  the  sample  had  apparently  reached  equihbrium  to  make 
sure  that  no  crystallization  centers  had  re-formed  while 
the  rubber  was  in  the  pack.  In  either  case,  the  equihbrium 
point  was  determined  either  by  a  constancy  in  weight  of 
sample  after  short  intervals  of  heating,  or  better  stUl  by  a 
practical  constancy  in  values  of  free  sulfur  upon  analysis 
of  the  samples  from  time  to  time. 
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It  should  be  emphasized  that  the  quantities  of  free  sulfur 
found  by  the  above  procedure  should  represent  the  amount 
lield  in  solution  liy  the  rubber  in  equilibrium  with  solid  sulfur 
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at  the  same  temperature;  in  other  words,  the  true  solubility 
of  sulfur  in  rubber. 

Analytical   Methods 

The   following   analytical    procedures   were   adopted: 
FREE   SULFUR — The   method   used   was   essentially   that 
developed   by  W.   J.   Kelly*  of  the   Goodyear  Company. 


or  20  per  cent,  lines  have  been  drawTi  on  each  diagram  for  10 
per  cent  and  20  per  cent  total  sulfur  contents.    In  other  words, 
these  lines  show  how  the  free  sulfur  would  have  varied  with 
the  degree  of  \'ulcanization  had  there  been  no  diffusion  of 
sulfur  into  or  out  of  the  sample. 

SOLUBILITY  AT  95°  C. — At  95°  the  solubility  curve  appears 
to  be  a  straight  Une  function  of  the  amount  of  combined 
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The  acetone  solution  obtained  by  a  16-hr.  extraction  of  the 
sample  was  evaporated  to  a  sirupy  consistency  and  extracted 
with  75  per  cent  alcohol  (saturated  with  sulfur)  to  remove 
resins  and  acetone-soluble  sulfides.  The  residual  sulfur  was 
freed  from  alcohol,  oxidized  with  bromine-carbon  tetrachloride 
and  zinc  oxide-nitric  acid  solutions,  and  weighed  as  barium 
sulfate. 

COMBINED  SULFUR — The  residue  from  acetone  extraction 
was  refiuxed  for  8  hrs.  with  alcohoUc  sodium  hydroxide  to 
remove  any  acetone-insoluble  sulfur  compounds  other  than 
polyprene  sulfide.  If  zinc  oxide  had  been  present  in  the 
original  samples,  the  residue  was  repeatedly  evaporated  with 
dOute  hydrochloric  acid  until  evolution  of  hydrogen  sulfide 
had  ceased.  The  final  residue  was  oxidized  with  zinc  oxide- 
nitric  acid  and  bromine-nitric  acid,  and  the  sulfur  was  weighed 
as  barium  sulfate. 

All  results  are  reported  in  grams  of  sulfur  per  100  g.  rubber. 

Samples  Used 

The  rubber  used  was  smoked  sheet,  in  strips  about  1  mm. 
thick  and  compounded  by  weight  as  follows: 

Lot  No.  Description 

A  Smoked  sheet,  unvulcanized 

B  Smoked  sheet,  100;  sulfur, 

10;  thiocarbanilide,  3 
C  Smoked  sheet,  100;  sulfur, 

10;  zinc  oxide,  10;  thio- 
carbanilide, 3 
D  Smoked  sheet,  100;  sulfur, 

20;  taiocarbanihde,  3 
E  Smoked  sheet,  100;  sulfur,  20; 

zinc  oxide,  iO;  thiocarban- 
ilide, 5 

Samples  B,  C,  D,  and  E  were  vulcanized  to  coefiicients 
varying  from  1  to  8  per  cent  combined  sulfur  before  placing 
in  the  suKur  pack.  For  a  given  solubiUty  determination,  a 
sample  was  chosen  with  a  vulcanization  coefiBcient  close  to 
that  desired. 

Experimental  Results 

In  Figs.  1  to  3  are  plotted  values  found  for  free  sulfur 
(sulfur  in  solution)  against  vulcanization  coefficient  at  95°, 
75°,  and  55°,  respectively.  Inasmuch  as  these  values  were 
approached  from  an  original  total  sulfur  content  of  0,  10, 

'  This  Journal,  14  (1922),  196. 


sulfur,  up  to  a  vulcanization  coefficient  of  about  7  per  cent. 
At  this  point  the  curve  breaks.  No  reliable  data  could  be 
obtained  for  the  harder  stocks.  Apparently,  the  migration 
of  sulfur  in  either  direction  is  markedly  retarded  by  the  in- 
creasing hardness  of  the  stock.  This  is  indicated  by  the 
fact  that  total  sulfur  becomes  nearly  constant.  For  example, 
the  bracketed  points  represent  successive  determinations  made 
on  a  sample  from  Lot  B  after  different  intervals  of  heating. 
The  points  corresponding  to  a  combined  sulfur  content  of  5.7 
and  6.3  per  cent  follow  closely  the  solubility  line.  However, 
the  point  corresponding  to  a  combined  sulfur  content  of  8.2 
per  cent  drops  along  a  line  of  constant  total  sulfur  content. 
In  general,  for  a  stock  with  a  combined  sulfur  content  exceed- 
ing 7  per  cent,  it  was  found  impossible  to  check  free  sulfur 
values  by  using  stocks  containing  different  amounts  of  total 
sulfur,  as  was  done  with  stocks  v'ulcanized  to  a  combined 
sulfur  content  of  less  than  7  per  cent. 

solubility  at  75°  C. — The  solubUity  curve  at  75°  C.  was 
determined  from  a  smaller  number  of  points,  but  the  same 
relationship  apparently  holds.    The  solubiUty  is  apparently 
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a  straight  Une  function  up  to  a  combined  sulfur  content  of 
about  7  per  cent.  Beyond  this  point,  migration  of  sulfur  is 
apparently  retarded,  and  no  reliable  data  were  obtained. 

solubility  at  55°  C. — It  was  thought  that  the  time  re- 
quired to  reach  equiUbrium  at  this  temperature  might  be 
decreased  by  heating  the  samples  in  sulfur  at  95°  C.  for  4 
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hrs.  before  putting  them  in  tlie  55°  bath.  The  sample  from 
Lot  A  sai'ied  a  large  excess  of  sulfur  which  could  not  be 
completely  removed  even  by  subjecting  the  sample  to  alter- 
nate heatings  at  120°  and  55°  C.  The  last  point  obtained 
was  apparently  in  error,  owing  to  the  same  difficulties  in 
sulfur  migration  as  were  noted  at  the  higher  temperatures. 
There  was  little  reason  to  doubt  the  accuracy  of  the  three 
other  points,  and  the  line  was  drawn  as  indicated. 

HEAT  OF  SOLUTION — Solubility  values  for  the  rubber  stocks 
having  a  vulcanization  coefficient  up  to  7  per  cent  have  been 
plotted  in  Fig.  4  for  the  three  temperatures.  That  the  curves 
are  reasonably  consistent  is  incUcated  by  the  fact  that  if,  for 
any  vulcanization  coefficient,  the  log  of  the  solubility  is  plotted 
against  the  reciprocal  of  the  absolute  temperature,  the  re- 
sult is  a  straight  fine.  From  such  a  diagram  drawn  for  a 
combined  sulfur  content  of  3  per  cent  (Fig.  5),  neglecting 
heat  of  dilution  (which  is  probably  small),  it  can  be  cal- 
culated that  the  molal  heat  of  solution  of  sulfur  in  rubber 
between  55°  and  95°  C.  is  6200  cal.  Assuming  the  molecular 
condition  of  sulfur  in  rubber  to  be  Ss,  as  it  is  in  most  organic 
solvents,  the  heat  of  solution  of  1  g.  of  sulfur  in  100  g.  of  rubber 
becomes  24.2  cal. 


It  should  be  noted  that  at  room  temperature  there  is  ap- 
parently not  a  very  great  difference  in  the  solubility  of  sulfur 
in  soft  and  hard  rubbers.  The  indications  are,  therefore, 
that  the  non-blooming  of  hard  rubber  stocks  at  room  tem- 
perature should  be  attributed  more  to  the  retarded  migration 
of  the  sulfur  than  to  any  increased  solubility  for  the  sulfur. 

SOLUBILITY  AT  140°  C. — The  solubility  of  sulfur  in  rubber 
at  vulcanization  temperature,  or  140°  C,  is  of  considerable 
practical  interest.  This  value  cannot  be  obtained  directly 
by  extrapolation  of  the  line  in  Fig.  4  to  140°  C,  on  account 
of  changes  in  slope  at  96.5°  C,  where  rhombic  sulfur  changes 
to  monocfinic,  and  at  119°  C,  where  monochnic  sulfur 
melts  to  liquid  sulfur.  Theoretically,  these  changes  in  slope 
can  be  calculated  from  the  heat  quantities  involved,  but  it  is 
necessary  to  make  several  assumptions  (for  example,  that 
the  molecular  condition  for  dissolved  sulfur  over  this  range 
is  unchanged),  which  make  a  solubilitj'  figure  thus  obtained  of 
doulitful  value.  From  an  inspection  of  such  a  diagram  and 
of  the  vapor  pressure  curves  of  the  various  forms  of  sulfur 
over  the  same  range,  it  would  seem  that  the  solubility  of 
sulfur  in  rubber  at  140°  C.  is  about  20  g.  of  sulfur  per  100  g. 
rubber.    This  figure  should  be  checked  experimentally. 


The  Hygroscopicity  of  Picric  Acid' 

By  L.  Grier  Marsh' 

Explosives  Chemical  Laboratory,  BdrBau  of  Mines  Experiment  Station,  Pittsburgh,  Pa. 


Pure  picric  acid  is  only  slightly  hygroscopic.  The  purified 
product,  crystallized  from  water,  absorbs  from  0.25  to  0.37  per  cent 
moisture  in  a  saturated  atmosphere  at  32  °  C.  during  48  hrs.  The 
hygroscopicity  of  the  commercial  material  is  dependent  upon  its 
purity,  or  the  presence  of  water-soluble  materials.  Picric  acid 
containing  as  much  as  0.05  per  cent  SO3  {present  as  sulfate  or  free 
sulfuric  acid)  exposed  in  a  saturated  atmosphere  at  32  °  C.  for  48 
hrs.,  increased  1.9  per  cent  in  weight;  under  the  same  conditions, 
containing  0.16  per  cent  of  SO3.  the  increase  was  about  5  per  Cent. 

AT  the  close  of  the  war  the  United  States  Government 
had  on  hand,  and  still  has,  large  quantities  of 
picric  acid,  of  which  it  is  endeavoring  to  dispose  for 
industrial  purposes.  The  value  of  picric  acid  as  an  explosive 
has  been  discussed  by  Munroe  and  Howell,''  and  as  its  indus- 
trial utility  might  be  affected  by  its  tendency  to  absorb 
moisture,  the  former  suggested  that  the  hygroscopic  properties 
of  the  explosive  be  determined.  The  hygroscopicity  of  TNT 
had  already  been  investigated  by  Huff'^  in  the  explosives 
chemical  laboratory  of  the  Bureau  of  Mines,  and  the  writer 
followed  his  method  for  picric  acid. 

Theoretical 

The  behavior  of  any  salt,  not  forming  crystalline  hydrates, 
toward  atmospheric  moisture  is  dependent  upon  the  solu- 
bility of  the  salt  in  water,  and  follows  simple  physicochemical 
laws.  If  the  partial  pressure  of  the  water  vapor  in  the  air 
exceeds  the  vapor  pressure  of  the  saturated  solution  of  the 
salt,  the  salt  will  absorb  moisture  from  the  air;  but  if  the 
partial  pressure  of  the  water  vapor  in  the  air  is  less  than  the 
vapor  pressure  of  the  saturated  solution  of  the  salt,  no  mois- 

'  Received  January  16,  1922. 
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ture  will  be  absorbed  by  the  salt;  on  the  contrary,  it  will 
lose  water  to  the  air.  By  knowing  the  solubility  of  such  a 
salt  in  water,  the  vapor  pressure  of  its  saturated  solution  at 
this  particular  temperature  can  be  calculated  by  Raoult's 
Law,  and  from  this  the  hygroscopicity  of  the  salt  ma}'  be 
determined. 

From  the  nature  of  organic  crystaUine  compounds,  it  is 
evident  that  their  hygroscopicity  is  generally  comparatively 
low.  The  rate  of  moisture  absorption  by  TNT  was  found  by 
Huff  to  be  practically  nil  (less  than  0.01  per  cent).  While  no 
data  on  the  hygroscopic  properties  or  vapor  pressures  of 
saturated  solutions  of  picric  acid  are  available,  the  solubility 
of  the  compound  in  water  at  different  temperatures  has  been 
fairly  extensively  investigated,  and  from  this  the  measure- 
ment of  its  vapor  pressure  and  hygroscopicity  can  be  cal- 
culated. 

Calculated  Hygroscopicity 

-According  to  Findlay"  the  solubility  of  picric  acid  in 
water  is  in  part  as  follows: 


Temperature 

Solubility 

°C. 

Per  cent 

0 

1.05 

5 

1.07 

10 

1.10 

15 

1.16 

20 

1.22 

25 

1.37 

26.5 

1.42 

30 

1 .  .15 

40 

1.98 

At  32°  C.  the  solubility  of  picric  acid  in  water  i.-^  assumed 
to  be  1.636  per  cent,  and  at  the  same  temperature  ihc  vapor 
tension  of  water  is  given  by  Broch  and  Weibe'  as  35.372  mm. 
of  mercury.    From  Raoult's  Law,  embodied  in  the  formula 

pi  —  h  _      » 
pi  N  +  « 

•  J.  Chem.  Sof.,  81  (1902),  1219. 

'  Olscn,  Van  Nostrand's  Chemical  Annual,  1918,  .132. 
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where  pi  and  p^  denote  the  vapor  pressures  of  solvent  and 
solution  and  n  and  N  the  number  of  moles  of  solute  and  solvent, 
respectively,  the  vapor  pressure  of  a  saturated  solution  of 
picric  acid  at  32°  is  found  to  be  35.3265  mm.  of  mercury, 
or  99.872  per  cent  of  that  of  pure  water.  Since  these  are  very 
nearly  equal,  it  follows  that  picric  acid  is  only  shghtly  hy- 
groscopic. (Incidentally,  this  hygroscopicity  must  be  multi- 
phed  62.5  times  to  become  equal  to  that  of  potassium  nitrate 
and  187.5  times  before  it  would  be  necessary  to  enclose 
it   in    waterproofed  inner  packages.)'    According  to  Huff,^ 

at  25°  TNT  is  — —  as  hygroscopic  as  potassium  nitrate. 

Experimental 

Commercial  picric  acid  nearly  always  contains  impurities 
and  occasional  adulterations,  but  in  practically  negligible 
quantities.  Sodium  sulfate  is  sometimes  added  before  crys- 
tallization, whOe  occasionally'  oxalic  acid  and  sugar  have  been 
reported.  Free  sulfuric  acid  is  also  a  common  impurity,  and 
it  is  possible  that  a  nitrophenolsulfonic  acid  exists  in  the  lower 
grades  of  the  explosive. 

Since  small  quantities  of  water-soluble  impurities  will 
necessarily  affect  the  hygroscopic  properties  of  any  crystaUine 
compound  which  is  only  slightly  soluble  in  water,  laboratory 
experiments  were  made  on  two  different  gi-ades  of  commercial 
picric  acid,  as  well  as  on  the  pure  material.  The  latter  was 
prepared  by  crystaUizmg  from  solution  in  hot  water  three 
times,  washing  the  crystalhzed  product  thoroughly  with 
cold  water  each  tune.  For  comparative  purposes,  the  rate  of 
moisture  absorption  of  pota.ssium  perchlorate  was  also  de- 
termined at  the  same  temperature.  The  method  used  by 
Taylor  and  Cope'°  was  followed. 

The  picric  acid  was  exposed  in  open  porcelain  crucibles 
(2  cm.  deep  with  flat  bottoms  3.7  cm.  in  diameter,  so  that 
the  2-g.  sample  taken  covered  about  11  sq.  cm.  of  surface) 
over  water  under  carefully  regulated  conditions,  and  the 
increase  in  weight  noted  after  various  intervals.  Ordinary 
quart  jars,  hermetically  sealed  with  glass  tops  and  spring 
clamps,  were  filled  2  cm.  deep  with  distilled  water,  and  in  each 
jar  was  placed  a  small  copper  tripod  to  hold  one  crucible. 
The  jars  were  then  submerged  under  water  in  a  large  thermo- 
stat, and  allowed  to  remam  untU  the  contents  came  up  to  the 
bath  temperature.  When  sufficient  time  had  elapsed  for  this, 
the  jars  were  shghtly  elevated  until  the  necks  emerged,  the 
glass  tops  removed,  and  the  crucibles  with  contents  placed  on 
the  small  tripods  within.  The  jars  were  then  tightly  closed 
as  before,  submerged,  and  allowed  to  remain  for  the  periods 
desired.  In  order  to  prevent  possible  condensation  of 
moisture,  the  crucibles  were  warmed  slightly  above  the  bath 
temperature  before  being  placed  in  the  jar. 

T.1BLE   I 

Commercial  Commercial 

Pure  No.  M-2308  No.  M-2330 

Melting  point,  ■=  C 121.5-122.3  119.S-121.0  120.0-121.0 

Solidification  point,  °C 121.5  120.7  120.0 

Moisture,  per  cent 0.00                        0.00  0.00 

Insoluble  matter,  per  cent ....          0 .  00                      0 .  002  0 .  002 

•Sulfur  trioxide,  per  cent* 0.00                      0.16  0.049 

Nitrates,  per  cent 0.00                        0.00  0.00 

Ash,  per  cent 0.00                      0.001  0.002 

*  The  sulfur  trioxide  was  present  as  a  sulfate  or  free  sulfuric  acid. 

The  thermostat  was  a  large  tank  of  water,  30  X  26  X  20  in., 
heated  by  electric  coils,  electrically  stirred,  and  controlled 
by  a  toluene  thermoregulator  within  a  range  of  0.1°.     The 

^Arthur  Marshall.  "Explosives,  Their  Manufacture,  Properties,  Tests, 
and  History,"  1916,  340. 

•  Marshall,  Loc.  nit.,  576. 

'0  "Hygroscopic  Properties  of  Sodium,  Potassium,  Ammonium  Nitrate, 
Potassium  Chlorate  and  Mercury  Fulminate,"  Chem.  Mel.  Eng.,  16  (1916), 
140. 


jars  were  kept  practically  at  constant  temperature  (32°  C.) 
throughout,  and  constant  conditions  of  humidity,  with  the 
prevention  of  moisture  condensation  on  the  walls,  were  as- 
sured. Blank  tests  on  empty  crucibles  were  run  at  the  same 
time.  When  a  crucible  was  taken  from  a  jar  it  was  covered 
immediately  with  a  porcelain  lid,  whose  weight  was  known, 
and  weighed  as  rapidly  as  possible. 

Analyses  of  the  different  samples  of  picric  acid  are  given  in 
Table  I. 

These  samples  were  carefully  dried  in  a  desiccator  over 
sulfuric  acid  for  3  days  before  the  analyses  and  hygroscopicity 
tests  were  made.  Results  on  the  rate  of  moisture  absorption 
are  given  in  Table  II. 

Table   II — App.'irent   Rate   op    Moisture    Absorption   in   Saturated 
Atmosphere  at  32°  C. 


Materia!. 
Pure  picric  acid 


Commercial  picric  acid,  M-230S. 


Commercial  picric  acid,  M-2330. 


Empty  crucible. 


Increase  after 

Deducting 

for 

Increase 

Crucible 

OURS 

Grams 

Per    cent 

f  s 

O.OOSl 

0.15 

17 

0.0068 

0.20 

24 

0.0076 

0.25 

41 

0.0084 

0.31 

48 

0.0099 

0.37 

5 

0.0291 

1.35 

17 

0.0651 

3.13 

24 

0.0759 

3.69 

41 

0.0954 

4.66 

48 

0.1029 

5.02 

5 

0.0113 

0.46 

17 

0.0209 

0.96 

24 

0.0256 

1.18 

41 

0.0354 

1.61 

48 

0.0407 

1.91 

5 

0.0067 

0.23 

17 

0.0151 

0.62 

24 

0.0209 

0.94 

41 

0.0339 

1.58 

48 

0.0411 

1.93 

5 

0.0021 

17 

0.0026 

24 

0 . 0020 

41 

0.0022 

48 

0.0025 

The  above  results  are  the  average  of  five  determinations. 

Discussion  of  Results 

In  'Comparing  the  solubility  of  potassium  perchlorate  and 
picric  acid  in  water  it  is  evident  that  the  hygroscopicity 
of  the  former  is  greater,  and  increases  more  readily  with  rise 
in  temperature  than  does  that  of  picric  acid.  From  Mar- 
shall's" table  of  "relative  humidity"  and  "relative  deliques- 
cence" of  different  compounds  the  comparative  hygrosco- 
picity of  different  substances  can  be  calculated.  Potassium 
nitrate  is  taken  as  a  standard,  and  the  relative  deliquescence 
of  this  substance  is  taken  as  1.  At  a  temperature  of  32°  C, 
the  relative  humidity  of  picric  acid  was  previously  found  to  be 
99.872  per  cent.  This  gives  a  relative  deUquescence  of  0.016. 
From  a  calculated  solubility  of  3.60  per  cent'^  at  32°,  of 
potassium  perchorate  in  water,  the  relative  humidity  and 
relative  dehquescence  can  be  similarly  determined  as  99.532 
and  0.0585.  TheoreticaOy  then,  potassium  perchlorate 
should  deUquesce  about  3.7  times  more  rapidly  than  does 
picric  acid  at  a  temperature  of  32  °  C.  On  examination  of  the 
results  obtained,  the  deductions  seem  to  be  well  verified, 
showing  that  the  method  gives  results  coming  well  within  the 
range  of  experimental  accuracy. 
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Failure  of  Cast  and  High  Silicon  Iron  in  Fuming 

Sulfuric  Acid' 


By  T.   F.   Banigan 

Hercules  Powder  Company,  Hercuues,  Cauifornia 


Experiments  carried  out  by  ihe  writer  on  metallic  silicon  and 
silicon-iron  alloys  indicate  that  the  failure  of  cast  iron  and  malle- 
able castings  in  fuming  sulfuric  acid  is  due  to  oxidation  of  Ihe 
particles  of  silicon  in  the  casting  to  particles  or  crystals  of  silicon 
dioxide,  which,  being  larger  in  volume  than  the  original  silicon 
particles,   place  the  casting   in   a  condition   of  internal  strain. 

Cast  iron,  with  as  low  silicon  content  as  ordinary  steel,  should 

■  be  as  satisfactory  as  the  latter  for  use  with  fuming  sulfuric  acid, 

and  any  reduction  in  silicon  content  should  improve  it  for  this  use. 

IT  is  frequently  desirable  in  the  manufacture  and  use 
of  fuming  sulfuric  acid  to  employ  cast-iron  equipment, 
but  castings  of  this  material  are  likely  to  crack  suddenly 
after  being  used  for  considerable  periods  of  time  with  either 
hot  or  cold  sulfuric  acid  containing  free  SO3.  Cracking 
also  occurs,  to  a  less  degree,  with  anhydrous  mixtures  of 
nitric  and  sulfuric  acids  and  is  considerably  more  severe 
with  hot  than  with  cold  acids. 

Numerous  cases  have  come  to  the  attention  of  the  writer 
where  heavy  cast-iron  pipes  used  with  fuming  sulfuric  acid, 
in  places  where  they  were  exposed  to  no  unusual  strains, 
have  cracked  longitudinally  with  loud  reports,  though  the 
pipes  on  later  examination  showed  practically  no  evidence 
of  corrosion  by  the  acid.  Similarly,  cast-iron  valves  and 
pumps  in  such  service  crack  from  no  apparent  cause  before 
the  metal  shows  sufficient  wear  to  account  for  such  failure. 
Malleable  castings  used  in  attempts  to  overcome  this  diffi- 
culty have  failed  likewise.  Breaks  in  such  pieces  of  equip- 
ment while  in  operation  involve  such  serious  danger  to  human 
Ufe,  loss  of  material,  and  stoppage  of  production  that  some 
manufacturers  eliminate  the  danger  by  substituting  steel, 
which  is  more  expensive  but  free  from  this  defect. 

Lunge^  quotes  Ivnietsch,  in  explanation  of  this  peculiarity 
of  cast  iron  as  follows: 

Whereas  cast-iron  vessels  are  very  suitable  for  the  manu- 
facture of  hydrated  sulfuric  acid,  this  is  not  the  case  for  fuming 
acids,  for  these,  although  they  corrode  the  metal  but  slightly, 
cause  it  to  crack,  sometimes  quite  suddenly  with  a  loud  report. 
Evidently  the  fuming  acid  penetrates  into  the  pores  of  the  metal, 
where  it  is  reduced  to  SO2  and  H2S,  with  formation  of  CO2 
from  the  carbon  of  the  cast  iron — all  of  them  gases  with  some- 
what low  critical  temperatures  which  produce  high  tensions 
in  the  interior  of  the  metal. 

Experimental 

EXPT.  1 — Test  bars  of  a  well-known  high-silicon  iron  alloy, 
which  is  extremely  resistant  to  nonfuming  sulfuric  acid, 
were  immersed  in  15  per  cent  oleum,  or  103.37  per  cent 
H2SO4  at  room  temperature  for  19  days.  The  bars  were  then 
washed  with  water  and  found  to  be  severely  corroded  and 
covered  with  gelatinous  silica.  Loss  in  weight  amountcil 
to  4 .  73  per  cent.  The  sludge  produced  in  this  test  was  found 
to  contain  a  considerable  amount  of  free  carbon. 

EXPT.  2 — A  weighed  quantity  of  amorphous  silicon  was 
introduced  into  103.37  per  cent  H2SO4  and  kept  at  about 
92°  C.  for  8  days.  The  mixture  was  then  drowned  in 
distilled  water  and  filtered  through  a  weighed  Gooch  cru- 
cible which  was  then  heated  at  less  than  dull  red  heat  and 

'  Received  November   17,   1921. 

'"Sulfuric  Acid  and  Alkali,"  4th  edition,  Vol.  1,  Part  1,  322. 


weighed.  The  increase  in  weight  was  calculated  to  SiOa. 
Filtration  was  difficult  on  account  of  the  gelatinous  silica 
present.  Increase  in  weight  showed  that  24.64  per  cent 
of  the  total  silicon  had  been  oxidized  to  SiO:. 

EXPT.  3 — A  weighed  quantity  of  amorphous  silicon  was 
treated  as  in  Expt.  2  except  that  it  was  allowed  to  stand 
at  room  temperature  for  21  days.  Increase  in  weight  corre- 
sponded to  40.20  per  cent  of  total  silicon  oxidized  to  SiOj. 

EXPT.  4 — In  order  to  determine  with  certainty  that  the 
increase  in  weight  of  silicon  in  the  preceding  experiments 
was  due  to  action  of  the  free  SO3,  a  weighed  amount  of 
amorphous  silicon  was  kept  for  8  days  at  100°  C.  in  96  per 
cent  H2SO4.     No  increase  in  weight  resulted. 

EXPT.  5 — A  sample  of  sUicon  carbide  was  introduced  into 
103.37  per  cent  H2SO4  and  heated  at  100°  C.  for  7  days. 
No  change  in  weight  resulted. 

Conclusions  from  Experiments 

1 — Silicon  either  in  free  condition  or  alloyed  with  iron  is 
readily  oxidized  by  sulfur  trioxide. 

2 — The  failure  of  high-silicon  iron  alloys  in  fuming  sul- 
furic acid  is  due  to  rapid  oxidation  of  silicon  to  the  more 
voluminous  SiOa  which  tears  down  the  surface  of  the  casting, 
thereby  continually  exposing  fresh  surface  to  the  action  of 
the   SO3. 

3 — The  failure  of  cast  iron  and  malleable  iron  in  fuming 
sulfuric  acid  is  apparently  due  to  SO3  penetrating  into  the 
pores  of  the  casting  and  oxidizing  the  silicon  to  SiOs,  which, 
on  account  of  its  large  volume,  produces  a  condition  of  in- 
ternal strain.  Action  of  SO3  on  sOicon  carbide  in  the  casting 
is  not  responsible  for  failure.  Carbon  in  the  casting  appears 
to  be  little,  if  at  aU,  affected  under  these  conditions,  and  in 
the  usual  amounts  probably  has  no  injurious  effect. 


Retirement  of  E.  G.  Rippel 


Mr.  E.  G.  Rippel,  who 
Machine  Company  about 
retired  from  active  duty 
as  sales  manager  of  the 
corporation.  Mr.  Rip- 
pel has  always  believed 
in  a  progressive  devel- 
opment policy,  to  which 
our  chemical  industry 
is  indebted  for  many 
important  pieces  of 
plant  apparatus.  He 
has  been  an  ardent 
supporter  of  the  Na- 
tional Exposition  of 
Chemical  Industries  and 
is  to  be  credited  with 
considerable  contri- 
butions toward  its  suc- 
cess. 

After  a  much-needed 
rest,  plans  for  the  future 
may  be  announced  by 
Mr.  Rippel. 


organized  the  Buffalo  Foundry  and 
twenty-one  years   ago,  has  recently 


IS.  O.  Rirrm, 
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Determination  of  Esters  in   Imitation  Flavoring 

Extracts ' 

By  George  F.  Beyer 

Industrial  Alcohol  and  Chemical  Division,  Bureau  of  Internal  Revenue,  Treasury  Department,  Washinoton,  D.  C. 


The  following  paper  describes  the  method  developed  and  used 
by  the  Bureau  of  Internal  Revenue  for  the  determination  of  esters 
in  imitation  flavoring  extracts.  All  commonly  used  esters  are 
completely  recovered  by  distillation  with  50  per  cent  alcohol,  pro- 
vided the  receiving  flask,  is  properly  closed  with  a  mercury  trap 
valve.  All  imitation  flavoring  extracts  should  be  distilled  before 
total  esters  are  determined,  since  reducing  sugars  which  may  be 
present  will  react  with  the  alkali.  Water  is  not  a  satisfactory 
saponification  medium. 

THE  fi.xing  of  certain  standards  to  which  imitation 
flavoring  extracts  manufactured  under  the  pro- 
visions of  the  National  Prohibition  Act  must  conform 
has  raised  some  questions  as  to  the  analytical  methods 
best  employed  in  determining  the  ester  content  of  such  ex- 
tracts. It  has  therefore  seemed  desn-able  to  review  the 
methods  for  ester  determination  commonly  employed, 
■with  a  view  to  determining  the  best  analytical  method  to  be 
used.  It  is  furthermore  desirable  that  the  manufacturing 
interests  concerned  be  acquainted  with  the  method  now  used 
in  the  laboratories  of  the  Bureau  of  Internal  Revenue  in 
order  that  they  ma5'  properly  supervise  their  manufacturing 
operations. 

Preliminary  Investigation 

Solutions  were  made  up  containing  only  one  ester  or 
containing  mixtures  of  esters  commonly  used.  With  only 
one  ester  a  2  to  4  per  cent  solution  in  50  per  cent  of  ethyl 
alcohol  was  employed.  Solutions  containing  from  4  to 
10  per  cent  of  mixed  esters  in  50  per  cent  of  alcohol  were 
used  for  the  composite  mixtures.  The  principal  esters 
used  were  ethyl  acetate,  amyl  acetate,  amyl  butyrate,  amyl 
valerinate,  oenanthic  ether,  and  sebacic  ether.  The  com- 
posite mixtures  were: 

A  Cc. 

Amvl  butvrate 2 

Ethyl  acetate 2 

Ethyl  butyrate 1 

Sebacic  ether 1 

Amj-l  acetate 4 

B 

Amyl  butyrate 2 

Amyl  valerinate 2 

Amyl  acetate 2 

Pelargonic  ether •. 1 

Oenanthic  ether 1 

C 

Amyl  valerinate 5 

Amyl  acetate 4 

Amyl  butyrate 5 

Oenanthic  ether 1 

Pelargonic  ether 1 

Sebacic  ether 2 

Ethyl  butyrate 3 

Ethyl  acetate 2 

Ethyl  benzoate 1 

These  three  mixtures  were  made  up  to  250  cc.  at  60°  F. 
in  suflScient  alcohol  and  water  to  effect  solution. 

SAPONIFICATION  MEDIA — The  first  point  to  be  considered 
was  the  best  medium  for  completeness  of  saponification. 
This  was  tested  by  the  A.  O.  A.  C.  method,  without  distilla- 
tion. When  water  was  used  as  the  saponification  medium 
with  10-cc.  portions  of  the  single  and  composite  ester  mix- 
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tures,  the  results  were  low.  The  addition  of  25  cc.  of  95 
per  cent  ethyl  alcohol  as  a  saponification  medium  gave  re- 
sults practically  in  accordance  with  the  calculated  content 
of  esters  present. 

TIME  REQUIRED — Solutions  of  ethyl  acetate  showed  96 
per  cent  saponification  after  5  mins.'  refluxing  on  the  steam 
bath  and  complete  saponification  after  10  mins.'  refluxing. 
The  same  solution  was  allowed  to  stand  with  alkali  in  a 
tightly  stoppered  flask,  at  room  temperature,  and  shaken 
well  every  5  min.  for  0.5  hr.  Another  solution  was  allo-ned 
to  stand  at  room  temperature  in  a  tightly  stoppered  flask 
in  the  presence  of  alkali  over  night.  Saponification  was 
complete  in  both  cases. 

A  similar  series  of  experiments  with  amyl  acetate  dis- 
closed the  fact  that  94  per  cent  of  the  ester  was  saponified 
by  refluxing  for  5  min.  over  the  steam  bath,  and  saponi- 
fication was  complete  in  10  min.  The  similarity  of  the  re- 
.  suits  obtained  with  amyl  acetate  seem  to  offer  additional 
proof  of  the  theory  of  ester  transposition,  that  is,  that  amyl 
acetate  in  the  presence  of  a  large  excess  of  ethyl  alcohol 
and  alkali  is  transposed  into  ethyl  acetate  and  amyl  alcohol 
before  saponification  begins,  it  being  a  well-known  fact  that 
the  speed  of  the  reaction  of  the  transposition  is  many  times 
more  rapid  than  the  saponification  of  the  ester. 

Ten-cc.  portions  of  ethyl  acetate,  amyl  acetate,  and 
amyl  butjTate  mix-tures  were  aOowed  to  stand  over  night 
with  an  excess  of  standard  alkali,  and  were  finally  reflu.xed 
for  0.5  hr.  on  the  steam  bath.  Other  10-cc.  portions  of 
the  same  mixtures  were  irrunediately  refluxed  on  the  steam 
bath  for  0.5  and  1  hr.,  respectively.  Saponification  was 
complete  in  each  instance. 

Ten  cc.  of  an  imitation  peach  extract  of  known  compo- 
sition were  treated  in  a  similar  manner.  It  was  found  that 
in  all  cases  more  complete  saponification  was  obtained  when 
the  solution  was  allowed  to  stand  over  night  before  refluxing 
for  0.5  hr.  on  the  .steam  bath.  The  low  results  obtained 
from  immediate  refluxing  were  attributed  to  the  probable 
escape  of  some  of  the  esters  through  the  air  condenser. 
It  was  also  possible  that  the  saponification  of  the  imitation 
peach  extract  was  incomplete,  but  the  fact  was  not  definitely 
determined. 

Pardee  and  Reid'  have  shown  that  it  is  impossible  to 
obtain  results  which  are  concordant  or  even  close  to  100 
per  cent  of  the  ester  present  when  certain  esters  are  saponi- 
fied in  methanol  by  refluxing  for  1  hr.  on  the  steam  bath 
with  the  ordinary  .3-ft.  air  condenser.  They  attribute 
this  to  the  escape  of  the  ester  through  the  condenser. 

One  experiment  was  undertaken  to  see  if  this  possible 
loss  through  the  air  condenser  could  be  prevented.  Two 
5-cc.  portions  of  a  4  per  cent  solution  of  amyl  acetate  in 
methyl  alcohol  were  saponified  in  methanol  as  the  saponi- 
fication medium.  One  portion  was  refluxed  immediately 
for  0.5  hr.  on  the  steam  bath;  the  other  was  allowed  to 
stand  in  a  tightly  stoppered  flask  at  room  temperature  for 
1  hr.,  with  thorough  shaking  every  5  min.,  and  then  refluxed 
for  0.5  hr.  on  the  steam  bath.  Approximately  98  per  cent 
of  the  calculated  amount  was  found  when  the  solution  was 
refluxed  immediately,  while  practically  100  per  cent  were 
found  in  the  other  case. 

'This  Journal,   12   (1920),   129. 
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RECOVERY  OF  ESTERS — To  determine  whether  the  esters 
could  be  recovered  by  distillation,  the  mixtures  were  again 
used.  Ten-cc.  portions  of  the  solutions  were  diluted  with 
100  CO.  of  water  and  distilled  until  100  cc.  of  distillate  were 
collected.  Saponification  of  the  distillates  gave  low  re- 
sults in  all  cases.  Ten-cc.  portions  were  then  diluted  with 
100  cc.  of  50  per  cent  ethyl  alcohol  and  distilled  until  100 
cc.  were  collected.  Saponification  of  the  distillates  showed 
that,  although  all  the  results  were  a  little  low,  they  were 
substantially  higher  than  when  water  was  used  for  dilution. 
The  ethyl  acetate  solution  showed  a  lower  recovery  than  any 
other.  In  all  cases  the  residues  in  the  distillation  flasks 
were  saponified  and  no  esters  were  found. 

Since  there  was  a  fairly  high  recovery  of  the  ester  by 
distillation  with  50  per  cent  alcohol  and  none  was  left  in 
the  distilling  flask,  it  seemed  possible  that  the  loss  might  be 
due  to  escape  of  a  portion  of  the  more  volatile  esters  in  the 
condenser.  The  fact  that  the  loss  was  greatest  with  ethyl 
acetate  seemed  to  support  this  view.  In  order  to  settle 
this  point  a  mercury  valve  was  placed  in  the  Kohlrausch 
flask,  which  was  used  as  a  receiving  flask,  and  the  flask  it- 
self placed  in  ice  water  and  protected  from  the  heat  of  the 
burner.  Even  in  the  case  of  ethyl  acetate  recoverj'  was  now 
practically  complete.  With  amyl  acetate  and  amyl  bu- 
tyrate  and  the  various  mixtures  used  recovery  wa.s  complete. 
A  number  of  distillations  with  35  per  cent  alcohol  as  the 
diluting  mixture  gave  lower  results  than  when  the  50  per 
cent  solution  was  used. 

Ten  cc.  of  Mix-ture  A,  to  which  100  cc.  of  50  per  cent 
alcohol  were  added,  were  distilled  from  an  ordinary  round- 
bottomed,  side-necked  distilling  flask  carr}ang  a  thermometer 
to  ascertain  the  distillation  temperature.  Below  103°  C, 
108  cc.  distilled  over.  The  first  75-cc.  portion  of  the  dis- 
tillate and  the  last  33-cc.  portion  were  saponified  separately. 
The  first  75  cc.  of  the  distillate  contained  practically  aO 
of  the  esters.  Later  experiments  showed  that  the  fii'st  80 
cc.  of  the  distillate  contained  all  of  the  esters. 

SIZE  OP  SAMPLE — The  present  standard  of  the  Internal 
Revenue  Bureau  requires  in  certain  imitation  extracts  not 
less  than  5  g.  of  esters  per  100  cc,  calculated  as  ethyl  acetate. 
This  obviously  requires  the  addition  of  more  than  5  g.  of 
esters  per  100  cc.  where  esters  of  higher  molecular  weight 
than  ethyl  acetate  are  used. 

Determinations  were  made  on  5  cc.  of  the  Mixture  C, 
containing  higher  molecular  weight  esters.  There  was 
practically  no  dift'erence  in  the  results  obtained  whether  5 
or  10  cc.  of  the  same  were  taken. 

A  number  of  imitation  extracts  found  on  the  market  were 
saponified  before  and  after  distillation  with  50  per  cent 
alcohol.  In  a  number  of  samples  it  was  found  that  consider- 
ably higher  results  were  obtained  when  they  were  saponified 
without  distillation.  Others  showed  no  difference.  It  was 
concluded  that  in  the  former  case  some  substance  was  present 
with  the  ester  that  reacted  with  the  alkali.  Upon  evapora- 
tion to  dryness  over  the  steam  bath  it  was  found  that  these 
samples  contained  a  reducing  sugar.  When  a  5  per  cent  solu- 
tion of  glucose  was  digested  with  an  excess  of  standard  alkali 
solution  on  the  steam  bath  for  1  hr.,  a  substantial  amount 
of  alkali  was  consumed.  It  was  apparent,  therefore,  that 
distillation  after  dilution  with  50  per  cent  alcohol  solution 
was  necessary  in  order  to  obtain  correct  results. 

DENATURED  ALCOHOL — Specially  denatured  alcohol,  For- 
mula 30  (100  parts  of  pure  ethyl  alcohol  and  10  parts  of 
refined  methanol),  was  used  in  place  of  pure  ethyl  alcohol. 
The  results  were  the  same  as  when  pure  ethyl  alcohol  was 
used.  This  point  is  noted  merely  for  the  information  of 
laboratories  who  use  this  formula  of  tax-free  alcohol. 

It  was  further  found  that  many  of  the  so-called  pure  es- 


ters upon  the  market  contain  only  90  per  cent  of  the  ester 
itself. 

The  following  method  is  now  being  used  by  the  Bureau 
of  Internal  Revenue. 

Method 

Introduce  100  cc.  of  50  per  cent  (by  volume)  ethyl  alcohol 
(or  specially  denatured,  Formula  30)  into  a  500-cc.  Erlenmeyer 
flask  and  add  10  cc.  of  the  extract  (5  cc,  in  extracts  containing 
as  much  as  5  per  cent  calculated  as  ethyl  acetate).  Cotmect 
the  flask  by  means  of  a  "gooseneck"  with  a  vertical  condenser, 
the  end  of  which  is  fitted  with  a  rubber  stopper  carrying  a 
mercury  valve.  Attach  a  100-cc.  Kohlrausch  flask  to  this  rubber 
stopper,  and  distil  the  solution  slowly  until  100  cc.  of  distillate 
are  collected.  (It  is  very  essential  that  the  distillation  appara- 
tus be  set  up  according  to  the  above  directions,  as  this  re- 
duces the  loss  from  evaporation  to  a  minimum.) 

Transfer  the  distillate  to  a  500-cc.  Erlenmeyer  flask,  rinsing 
the  Kohlrausch  flask  with  a  few  cc.  of  50  per  cent  alcohol.  Add 
about  5  drops  of  phenolphthalein  solution  and  neutralize  to 
a  first  pink  color,  then  add  0.1  N  NaOH  in  about  25  per  cent 
excess  of  the  amount  nece,ssary  for  complete  saponijication. 
Stopper  the  flask  tightly  and  allow  to  stand  over  night  at  room 
temperature.  Reflux  for  0.5  hr.  on  a  steam  bath  with  an  ordi-, 
nary  air  condenser  not  less  than  3  ft.  in  length.  A  piece  of 
glass  tubing,  not  too  small,  of  the  required  length  inserted  in 
a  rubber  stopper  makes  an  excellent  condenser  for  this  purpose. 
When  the  saponification  is  completed,  cool  rapidly  to  prevent 
the  absorption  of  carbon  dioxide  from  the  air,  and  titrate  the 
excess  of  sodium  hydroxide  with  0. 1  iV  acid.  A  blank  determi- 
nation should  be  carried  out  simultaneously,  using  the  same 
quantities  of  alcohol  and  alkali.  After  correcting  for  the  blank, 
calculate  results  as  ethyl  acetate.  Each  cc.  of  0 . 1  A^  alkali 
is  equivalent  to  0.0088  g.   of  ethyl  acetate. 
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Our  English  Friends 

The  season  at  which  Americans  are  accustomed  to  undertake 
European  travel  will  soon  be  upon  us  and  it  seems  proper  to 
call  attention  to  the  unusually  cordial  relations  which  exist  be- 
tween the  Chemical  Industry  Club,  Whitehall  Place.  London, 
and  the  Chemists'  Club  of  New  York  City.  Both  institutions 
desire  to  cultivate  and  provide  for  the  social  side  of  chemical 
industry  and  science  by  opening  their  doors  to  visiting  members 
of  either  Club.  This  has  not  only  promoted  acquaintance  and 
friendship  on  the  part  of  chemists  of  both  nations  but  is  the 
means  of  favorable  entree  in  the  two  countries  for  those  interested 
in  industrial  plants  and  laboratories.  The  letters  which  have 
been  exchanged  between  Mr.  H.  Edwin  Coley,  for  the  Chemical 
Industry  Club,  and  Dr.  T.  R  Duggan,  Trustee  of  the  Chemists' 
Club,  convey  warm  and  cordial  greetings  and  assure  a  continua- 
tion of  the  kind  feelings  which  have  existed  between  the  two 
Clubs  and  which  should  continue  for  many  years. 


A  Memorial  to  Dr.  Baskerville 

The  students  of  the  day  and  evening  sessions  of  the  College 
of  the  City  of  New  York,  together  with  the  staff  of  the  chem- 
istry department,  have  started  a  fund  to  establish  a  prize  or 
scholarship  in  memory  of  Dr.  Baskerville,  head  of  the  department 
of  chemistry  since  1904. 

It  is  hoped  ultimately  to  establish  a  Baskerville  Research 
Scholarship  in  Chemistry,  to  be  awarded  annually  to  a  student 
of  the  College.  For  the  present  it  is  planned  to  present  an  annual 
prize.  Dr.  Prager,  College  of  the  City  of  New  York,  St.  Nicholas 
Terrace  and  139th  St.,  is  in  charge  of  the  fund. 


A.  Ph.  A.  Research  Grant 

The  American  riiannaceutical  Association  has  available  a 
sum  amounting  to  #.S()().()0  which  will  be  expended  after  October 
1,  1922,  for  the  encouragement  of  research. 

Investigators  desiring  financial  aid  in  their  work  should  com- 
municate before  June  1,  with  Prof.  H.  V.  Arny,  Chairman,  A.  Ph. 
A.  Research  Committee,  115  West  08th  St.,  New  York  City, 
giving  their  past  record  and  outlining  the  particular  line  of  work 
for  which  the  grant  is  desired. 
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First  Report  of  the  Committee  on  Contact  Catalysis' 


By  Wilder  D.  Bancroft 

Cornell  University,  Ithaca,  New  York 


IN  certain  cases  of  contact  catalysis  it  is  known  that  definite 
intermediate  compounds  are  formed  and  Armstrong  and 
Hilditch  postulate  the  formation  of  ternary  compounds. 
In  other  cases,  it  seems  equally  certain  that  no  definite  interme- 
diate compounds  are  formed  and  that  we  are  dealing  with  ad- 
sorption, which  may  mean  formation  of  indefinite  intermediate 
compounds.  While  it  is  very  important  to  distinguish  between 
these  two  types  of  contact  catalysis  and  while  this  has  not  been 
done  satisfactorily  in  the  past,  a  determination  of  these  points  will 
not  tell  us  why  the  reaction  is  accelerated,  though  it  wiU  give  us 
important  information  about  the  mechanism  of  the  reaction. 
For  catalysis  to  occur  the  reacting  substances  must  be  converted 
rapidly  into  active  modifications  or  into  active  compounds.  It 
has  been  suggested  by  W.  C.  McC.  Lewis,  Perrin,  and  others 
that  the  catalytic  agents  emit  infra-red  radiations  and  that  these 
radiations  cause  the  catalysis.  These  ingenious  speculations 
seem  quite  inadequate,  however,  to  account  for  the  phenomena. 

It  seems  certain  that  in  some  way  the  catalytic  agent  activates 
one  or  more  of  the  reacting  substances,  causing  the  opening  and 
shutting  of  certain  bonds  or  contra  valences;  but  as  yet  we  are 
not  prepared  to  say  which  bonds  or  which  contravalences  are 
opened  in  any  given  case.  This  hypothesis  makes  possible  a 
new,  tentative  explanation  of  the  action  of  promoters.  If  the 
catalytic  agent  activates  only  one  of  the  reacting  substances 
or  activates  one  chiefly,  it  is  possible  that  the  promoter  activates 
or  increases  the  activity  of  the  other.  If  the  given  catalytic 
agent  adsorbs  or  activates  two  substances  in  the  wrong  parts 
of  the  molecules,  it  may  easily  retard  instead  of  accelerating  the 
reaction ;  this  case  has  been  studied  by  Kruyt  and  van  Duln. 

While  we  are  still  very  much  at  sea  as  to  the  way  in  which  any 
given  catalytic  agent  works,  the  theory  of  the  poisoning  of  con- 
tact catalytic  agents  seems  to  be  in  very  good  shape.  Any 
substance  which  retards,  or  prevents,  the  approach  of  the  re- 
acting substances  to  the  catalytic  agent  will  slow  down  or  put 
an  end  to  the  reaction.  Any  strongly  adsorbed  solid,  liquid 
or  gas  may  therefore  act  as  a  catalytic  poison.  This  should  be 
distinguished  from  the  cases  in  which  the  catalytic  agent  sin- 
ters together  so  as  to  have  less  surface  or  a  more  inactive  surface. 
There  is  reason  to  suppose  that  a  porous  surface  is  essential 
and  that  a  glazed  surface  is  ordinarily  quite  inactive.     While 


the  poisoning  of  a  catalytic  agent  is  usually  a  thing  to  be  avoided, 
Rosenmund  and  Zetsche  have  made  successful  use  of  what  they 
call  partial  poisoning  to  stop  a  reaction  at  a  given  point. 

It  is  evident  that  different  catalytic  agents  activate  certain 
molecules  in  different  ways  because  alcohol  decomposes  almost 
completely  to  ethylene  and  water  in  presence  of  alumina  or 
kaolin  and  almost  completely  to  acetaldehyde  and  hydrogen  in 
presence  of  pulverulent  nickel.  If  we  can  determine  what  bonds 
or  contravalences  are  opened  by  each  catalytic  agent  we  can 
probably  predict  the  resulting  reaction;  but  it  is  quite  possi- 
ble that  we  may  have  to  reverse  things  and  to  deduce  from  the 
reaction  products  what  bonds  or  contravalences  were  broken. 

Rideal  has  attempted  to  connect  overvoltage  with  contact 
catalysis,  the  overvoltage  being  primarily  a  measure  of  the  energy 
necessary  to  desorb  hydrogen  gas  from  a  metal  siu"f ace ;  the  metals 
show  no  catalytic  activity  when  the  energy  necessary  for  de- 
sorption  exceeds  that  necessary  for  the  activation  of  hydrogen 
in  the  gaseous  state  in  the  absence  of  a  catalytic  material.  This 
does  not  seem  a  very  satisfactory  point  of  view;  a  more  plaus- 
ible line  of  attack  would  seem  to  be  that  platinum  catalyzes  the  re- 
action between  atomic  and  molecular  hydrogen,  but  establishes 
an  equilibrium  with  some  monatomic  hydrogen  remaining.  This 
accounts  for  the  low  overvoltage  and  the  distinct  activation. 
Lead,  mercury,  and  zinc  do  not  catalyze  the  reaction;  but  the 
eqiiilibrium  lies  entirely  at  the  stage  of  molecular  hydrogen. 
This  accounts  for  the  high  overvoltage  and  the  low  catalytic 
action.  The  other  metals  come  in  between  these  two  extremes 
and,  at  higher  temperatures,  the  activating  power  of  nickel  and 
copper  for  hydrogen  becomes  greater  than  that  of  platinum. 
This  set  of  hypotheses  accounts  for  a  good  many  facts  because  de- 
vised for  that  purpose;  but  there  is  as  yet  no  independent  proof . 
According  to  this  point  of  view  there  is  no  necessary  relation 
between  overvoltage  and  catalytic  activity.  The  first  depends 
upon  the  slowness  with  which  equilibrium  is  reached  and  the 
second  on  the  point  at  which  equilibrium  is  reached,  two  en- 
tirely different  things. 

Experiments  by  Rupert  and  by  Willstatter  and  Waldschmidt- 
Leitz  indicate  that  hydrogenation  by  means  of  platinum  takes 
place  better — perhaps  only — in  presence  of  oxygen.  No  ade- 
quate explanation  has  yet  been  offered  for  this  phenomenon. 


IT  has  seemed  that  the  best  thing  the  committee  could  do  in 
its  first  report  was  to  outline  the   present    situation    in 
regard  to  contact  catalysis  as  clearly  as  possible.     After 
that,  it  should  be  a  relatively  simple  matter  for  the  committee 
to  determine  what  to  do  next. 

Definite  Intermedlate  Compounds 

There  are  two  apparently  distinct  types  of  contact  catalysis, 
one  in  which  a  definite  chemical  compound  is  formed,  and  the 
other  when  we  have  adsorption  with  activation.  We  will  take 
up  first  the  case  in  which  definite  chemical  compovmds  are 
formed.  In  the  catalysis  of  hydrogen  peroxide  by  mercur5% 
the  intermediate  formation  of  mercmic  peroxide  can  be  detected 
by  the  eye  because  there  is  an  intermittent  formation  of  a  film^ 
which  then  breaks  down,  only  to  form  again.  This  periodic 
phenomenon  represents  an  extreme  case.  Under  ordinary 
conditions  the  formation  and  decomposition  of  the  intermediate 

'  Report  of  Committee  on  Contact  Catalysis  of  the  Division  of  Chem- 
istry and  Chemical  Technology  of  the  National  Research  Council.  Writ- 
ten by  the  chairman  in  collaboration  with  the  other  members  of  the  com- 
mittee: Messrs.  H.  Adkins,  W.  C.  Bray,  R.  F.  Chambers,  C.  G.  Fink, 
E.  P.  Kohler,  A.  B.  Lamb,  E.  E.  Reid,  and  H.  S.  Taylor.  Received  February 
4,  1922. 

»  Bredig  and  von  Antropoff,  Z.  Elektrochem.,  12  (1906),  581;  von  An- 
tropoff,  /.  prakt.  Chem.,  [2]  77  (1908),  273. 


compound  take  place  almost  simultaneously,  and  of  course  at 
equal  rates  when  a  "steady  state"  is  reached.  In  this  dynamic 
equilibrium  the  quantity  of  the  intermediate  substance  remains 
constant  under  constant  experimental  conditions.  The  dynamic 
equilibrium  may  also  be  considered  as  a  limiting  case  of  pe- 
riodicity, the  length  of  the  period  being  practically  zero  and  the 
number  of  periods  per  unit  time  very  great. 

^'isible  evidence  of  intermediate  compound  formation  in  con- 
tact catalysis  is  also  obtainable  in  the  oxidation  or  dehydrogena- 
tion  of  methanol  in  the  presence  of  air  and  metallic  copper.  The 
copper  gauze  varies  in  color,  showing  constant  changes  in  the 
state  of  oxidation. 

Bayley'  states  that  cobalt  is  oxidized  by  hydrogen  peroxide 
and  that  this  reacts  with  hydrogen  peroxide,  oxygen  being 
evolved  from  both  and  the  cobalt  going  back  to  a  lower  oxide. 
This  is  then  oxidized  to  cobalt  peroxide  and  the  same  series  of 
changes  is  continued.  Oxide  of  cobalt  therefore  decomposes 
hydrogen  peroxide  catalytically.  When  cobalt  oxide  decomposes 
hypochlorites  catalytically,  Bayley  considers  that  the  cobalt 
oscillates  between  C03O5  and  C0O2.  He  says  that  CoaOs  has 
been  shown  to  be  the  final  product  but  he  gives  no  reference. 
Hydrogen  peroxide  does  not  oxidize  nickel  oxide  to  a  peroxide  and 

»  Phil.  Mag.,  [5]  7  (1879),  126. 
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is  therefore  not  decomposed  catalytically  by  it.*  If  nickel  per- 
oxide is  made  independently,  it  reacts  with  hydrogen  peroxide 
just  as  the  corresponding  cobalt  salt  does.  These  experiments 
seem  to  prove  fairly  conclusively  that  one  stage  in  the  catalytic 
decomposition  of  hydrogen  peroxide  by  cobalt  oxide  is  the  for- 
mation of  cobalt  peroxide.  It  would  be  interesting  to  see  whether 
a  change  of  temperature  or  of  some  other  factor  would  make  the 
oxide  of  nickel  behave  like  the  oxide  of  cobalt,  or  vice  versa. 
Hydrated  ferric  oxide  and  hydrated  zinc  oxide  do  not  react  with 
hydrogen  peroxide,  and  consequently  Bayley  does  not  consider 
them  as  peroxides.  It  would  be  interesting  to  know  the  action 
of  hydrogen  peroxide  on  passive  iron. 

In  the  catalytic  oxidation  of  carbon  monoxide  by  mixed 
oxides  of  cobalt,  manganese,  etc.,  it  is  usually  believed  that  there 
is  alternate  (or  simultaneous)  reduction  and  oxidation  of  the 
catalyst.  The  oxygen  carrier  oxidizes  the  carbon  monoxide 
and  is  itself  reoxidized  by  the  oxygen  of  the  air.  While  this  is 
undoubtedly  the  case,  no  measurements  have  yet  been  published, 
showing  the  two  end  stages  between  which  the  catalyst  oscil- 
lates.' This  is  known,  however,  for  the  case  of  the  catalytic 
oxidation  of  alcohol  by  air  in  presence  of  osmium  tetroxide* 
because  this  reaction  can  be  run  in  two  stages.  Osmium  tetrox- 
ide  will  oxidize  alcohol  in  the  absence  of  air,  and  air  will  oxidize 
the  dioxide  to  the  tetroxide.  When  carbon  monoxide  is  acti- 
vated by  metallic  copper  in  an  alkaline  solution,  Hofmann'  con- 
siders that  there  is  intermediate  formation  of  CuiOs  or  CuOo. 

Armstrong  and  Hilditch*  consider  that  the  catalytic  action 
of  ferro-ferric  oxide  on  carbon  monoxide  and  water  is  due  to. 
the  alternate  reduction  of  the  ferro-ferric  oxide  to  ferrous  oxide 
or  iron  by  the  carbon  monoxide,  and  oxidation  of  these  compounds 
by  water.  The  acceleration  of  the  reverse  reaction  by  ferro- 
ferric  oxide  can  be  accounted  for  in  a  similar  manner,  reduction 
by  hydrogen  and  oxidation  by  carbon  dioxide.  At  a  suitable 
temperature  the  iron  oxide  causes  the  reaction  to  proceed  prac- 
tically to  equilibrium.  Metallic  copper  accelerates  the  reaction 
between  carbon  dioxide  and  hydrogen;  but  even  at  its  optimum 
temperature  does  not  cause  more  than  50  to  70  per  cent  of  the 
possible  amount  of  chemical  change.  Armstrong  and  Hilditch 
account  for  this  on  the  assumption  that  copper  tends  to  produce 
an  equilibrium, 

CO  -I-  H20;=iHC02H. 

The  formation  of  graphite  is  usually  preceded  by  the  forma- 
tion of  a  carbide.  The  conversion  of  acetic  acid  into  acetone' 
by  passing  the  vapor  over  heated  barium  carbonate  presumably 
involves  the  intermediate  formation  of  barium  acetate.  In 
the  Deacon  chlorine  process,  where  a  mixture  of  hydrochloric 
acid  and  oxygen  is  passed  over  heated  cupric  chloride,  Hurter" 
assumes  the  existence  of  an  intermediate  compound  and  he  is 
probably  right  in  this.  People  are  not  agreed,  however,  whether 
the  intermediate  compound  is  cuprous  chloride,  basic  cupric 
chloride,  or  both."     The  reaction  as  usually  written  is: 

4CuCli  =  2CU2CI2  +  2CI2 
2CU2CI2  +  4HC1  +  02  =  4CuCl2  -f  2H2O 

Since  it  is  not  probable  that  the  second  reaction  takes  place 
in  one  stage,  we  may  write: 

*  Work  done  at  Cornell  since  this  report  was  written  indicates  that 
Bayley  is  wrong  in  this  statement.     The  whole  subject  is  now  being  studied. 

6  Mr.  Bray  believes  that  it  is  useless  to  try  to  decide  whether,  at  the 
dynamic  equilibrium,  a  molecule  of  oxygen  at  the  surface  of  the  catalyst 
actually  changes  some  of  a  lower  oxide  to  a  higher  (and  the  reverse  change 
with  carbon  monoxide)  or  whether  the  oxygen  is  merely  held  on  the  surface 
in  an  active  condition  ready  to  combine  with  carbon  monoxide.  In  either 
case  all  the  processes  are  taking  place  siujuUaneously. 

•Hofmann,  Ber.,  46    (1912),   3329;  46  (1913),    1657,  2854;  46  (1915), 
1585. 

'  Ber.,  61  (1918),  1334,  1526;    63B  (1920),  2165. 

»  Proc.  Roy.  Soc.  London,  97A  (1020),  266. 

»  Squibb,  J.  Am.  Chem.  Soc,  17  (1S95).  187. 

"  J.  Soc.  Chem.  Ind.,  2  (18S3),  10(1. 

"  Woker,  "Die  Katalysc,"  1910,  474. 


4CuCl2  =  2CU2CI2  -f  2CI2 

2CU2CI,  +  0,  =  2CuO.CuCl2 

2CuO.CuCl2  +  4HC1  =  4CuCl2  -f  2H2O 

There  seems  to  be  no  evidence  that  cupric  chloride  breaks  down 
into  cuprous  chloride  and  chlorine  at  the  temperature  employed, 
so  we  have  another  formulation: 

4CuCl2  -f  O2  =  2CuO.CuCl2  -I-  2CI2 
2CuO.CuCl2  -f  4HC1  =  4CuCl2  -1-  2H2O 

This  seems  more  reasonable  than  the  others;  but  we  do  not 
know  whether  this,  or  any,  basic  cupric  chloride  is  formed. 
If  we  start  with  copper  sulfate  as  catalytic  agent,  which  may  be 
done,  the  whole  thing  becomes  hopelessly  complicated.  There 
is  really  no  definite  knowledge  in  regard  to  the  intermediate 
compound  or  compounds  at  all. 

Mr.  Bray  points  out  that  this  alternative  suggestion,  that 
oxygen  can  displace  chlorine  from  solid  cupric  chloride,  may  be 
considered  as  a  border-line  case.  In  a  crystal  of  cupric  chloride 
the  cupric  chloride  "molecules"  are  combined  with  each  other. 
A  single  oxygen  molecule  might  be  taken  up  and  two  molecules 
of  chlorine  be  given  off  without  the  formation  of  a  definite  new 
molecule,  such  as  the  basic  cupric  chloride  suggested.  On  the 
other  hand,  as  anhydrous  copper  sulfate  is  really  a  good  catalyst 
the  mechanism  may  be  that  hydrochloric  acid  molecules  are 
taken  up  by  the  copper  salt  (chloride  or  sulfate)  and  that  the 
oxygen  then  attacks  the  hydrogen  of  the  added  hydrochloric 
acid,  setting  free  chlorine.  Mr.  Bray  endorses  the  statement 
that  there  is  as  yet  no  real  evidence  of  the  formation  of  a  definite 
intermediate  compound.  Mr.  Taylor  writes  that  he  does  not 
now  think  that  the  Deacon  chlorine  process  involves  interme- 
diate compounds  at  all.  He  expects  that  experiments  now  being 
prepared  at  Princeton  will  show  that  the  copper  halides  probably 
adsorb  hydrochloric  acid  gas  and  sulfur  dioxide — possibly  oxygen. 

This  indefmiteness  in  regard  to  the  nature  of  the  intermediate 
compound  is  a  serious  defect  in  much  of  the  work  on  contact 
catalysis.  Sabatier"  believes  that  the  catalytic  action  of  alumina 
on  alcohol  is  due  to  the  intermediate  formation  of  an  instable 
compound  of  alumina  and  water,  while  Henderson"  assumes 
the  intermediate  formation  of  aluminium  ethylate.  Neither 
man  offers  any  experimental  evidence  in  support  of  his  belief, 
and  neither  one  discusses  why  kaolin  should  act  practically  as 
well  as  alumina.  The  formation  of  a  definite  kaolin  ethylate 
seems  improbable.  Sabatier  assumes  definitely  the  existence 
of  intermediate  compounds  of  metal  and  hydrogen  in  hydro- 
genation  and  dehydrogenation  processes.     He  says: 

This  conception  of  the  way  in  which  catalytic  action  occurs 
[temporary  formation  of  intermediate  compounds]  is  supported 
by  the  experimental  confirmation  of  the  predictions  which  one 
can  make.  If  the  metallic  catalytic  agents,  nickel,  copper, 
etc.,  tend  to  react  with  hydrogen,  forming  intermediate  products 
analogous  to  the  hydrides,  these  metals  must  also  be  able  to 
remove  hydrogen  from  substances  which  can  give  off  hydrogen. 
In  other  words,  these  metals  should  act  also  as  dehydrogenating 
catalysts.  It  was  this  line  of  thought  which  caused  Sabatier 
and  Senderens  to  try  these  metals  as  catalyzers  for  the  dehydro- 
genation of  alcohols  into  hydrogen  and  aldehydes  or  ketones. 
It  was  found  that  nickel  was  less  suitable  than  copper  for  this 
purpose  because  of  its  tendency  to  form  with  carbon  monoxide 
an  intermediate  compound  which  was  instable  at  the  tempera- 
ture of  the  reaction  and  which  gave  rise  to  a  secondary  decom- 
position of  the  aldehydes  and  ketones. 

This  seems  to  satisfy  the  scientific  criteria.  The  hypothesis 
is  used  to  predict  new  results  and  the  new  results  are  obtained. 
The  experiments  of  Taylor  and  Burns,"  however,  show  that  no 
compounds  analogous  to  the  hydrides  are  formed  with  nickel 
and  copper."     The  flaw  in  Sabatier's  reasoning  is  that  he  did 

"  "Die  Katalyse  in  dcr  organischen  Chcniic,"  1914,  240. 

"  "Catalysis  in  Industrial  Chemistry,"  1919,  4. 

><  J.  Am.  Chem.  Soc.,  43  (1921),  1273. 

">  Mr.  Hray  considers  that  the  "tendency"  of  a  metal  like  nickel  to 
combine  with  hydrogen  may  exist  even  when  a  definite  compound  docs  not 
form.  He  believes  that  this  is  the  correct  explanation  of  adsorption  at 
higher  temperatures. 
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not  consider  the  possibility  of  some  other  hypothesis  leading 
to  the  same  conclusion. 

Armstrong  and  Hilditch'*  believe  that  catalytic  change  is 
always  effected  by  the  intermediate  formation  of  definite  chemi- 
cal compounds,  although  they  do  not  postulate  in  general  the 
formation  of  intermediate  compounds  of  well-defined  stability. 
They  consider  that  these  are  not  to  be  expected  in  the  course  of 
catalytic  change,  the  specific  action  of  various  catalysts  prob- 
ably depending  largely  on  the  suitable  instability  of  the  inter- 
mediate complex  for  the  purposes  of  the  action — in  other  words, 
the  change  of  the  compounds  which  they  have  studied  depends 
on  the  coincidence  that  the  catalyst  and  the  initial  substance 
will  interact  to  form  a  compound  sufficiently  instable  under  the 
conditions  prevailing  to  decompose  (or  interact  with  other  con- 
stituents of  the  system),  giving  new  products. 

Armstrong  and  Hilditch  say,  in  regard  to  these  intermediate 
compounds  that 

The  physicochemical  data  from  which  our  present  deductions 
are  made  do  not  afford  any  evidence  as  to  the  precise  stoichio- 
metrical  relation,  subsisting  between  catalyst  and  organic  com- 
pound. The  latter  is  not  necessarily  simple,  for  example,  an 
atom  of  nickel  in  temporary  union  with  an  organic  group  con- 
taining one  ethylenic  linkage:  it  may  be  more  probably  of  the 
nature  of  a  "coordinated"  compound  comparable  to  nickel  car- 
bonyl,  in  which  the  "subsidiary  valences"  of  the  interactants  play 
the  chief  part;  or  again,  the  combination  might  be  still  less 
definite  and  analogous  to  the  adsorption  of  dye  by  fibers,  in 
which  case  the  composition  of  the  unstable  complex  might  vary 
with  physical  conditions  such  as  temperature  or  concentration. 
By  "intermediate  compound"  in  the  present  series  of  papers  we  - 
mean  an  association  between  catalyst  and  the  other  compounds 
due  to  the  same  "chemical"  forces  which  operate  in  more  ordinary 
chemical  actions,  but  we  are  not  able  to  offer  any  opinion  as  to 
the  precise  character  of  the  compounds  thus  transiently  pro- 
duced. 

In  an  earlier  paper  the  study  of  the  hydrogenation  of  liquid 
fats  in  presence  of  nickel  led  Armstrong  and  Hilditch''  to  be- 
lieve that  there  is  formed  a  ternary,  unspecified,  and  instable 
complex  of  nickel,  unsaturated  fat,  and  hydrogen,  which  breaks 
down  into  a  saturated,  or  more  saturated,  fat  and  nickel.  The 
nickel  is  believed  to  attach  itself  in  some  way  to  the  unsaturated 
carbons,  — CH  :  CH — .  They  also  consider  that  the  inter- 
changes take  place  in  an  electrolytic  circuit  in  which  the  inter- 
acting substances  are  necessarily  all  comprised.  The  hydrogen 
and  the  fatty  oil  are  both  to  be  thought  of  as  coupled  with  the 
nickel  and  the  interaction  as  brought  about  through  the  inclusion 
in  the  system  of  the  electrolyte  required  to  establish  a  conducting 
circuit.  Both  hydrogen  and  the  fatty  oil  are  to  be  regarded  as 
having  some  affinity  for  the  catalyst;  and  the  rate  of  change  is 
to  be  considered  as  determined  by  the  rate  at  which  the  less  ac- 
tive hydrogen  enters  into  productive  association  with  the  catalyst. 

Dehydrogenation  is  believed  to  be  due  to  the  reverse  forma- 
tion of  the  nickel — unsaturated  compound — hydrogen  complex. 
In  the  partial  hydrogenation  of  ethyl  oleate,  ethyl  stearate  is 
formed'*  and  also  ethyl  esters  of  isomeric  forms  of  ordinary 
oleic  acid,  these  being  most  probably  ethyl  elaidate  and  an  ethyl 
"iso-oleate"  derived  from  A" '-  oleic  acid.  The  appearance  of 
the  elaidic  ester,  the  stereoisomeric  form  of  ordinary  oleic  ester, 
is  readily  explained  by  the  assumed  equilibrated  action  between 
the  catalytic  nickel  and  the  ethylenic  linkage,  for  on  re-formation 
of  the  constituents  during  the  balanced  action  it  is  plain  that  either 
or  both  stereoisomeric  ethylenic  derivatives  might  result.  The 
production  of  the  isomeric  form  of  oleic  acid  takes  place  to  a 
greater  extent  the  higher  the  temperature  of  hydrogenation, 
and  is  also  more  marked  at  equal  temperatures,  with  palladium, 
generally  a  more  vigorous  catalyst  than  nickel. 

Though  Armstrong  and  Hilditch  believe  firmly  in  the  forma- 
tion of  definite  intermediate  compounds,    their   conception  of 

»  Proc.  Roy.  Soc.  London,  98A  (1920),  37. 

"  Ibid.,  96A  (1919),  137,  322. 

18  Moore,  J.  Soc.  Chem.  Jnd.,  38  (1919).  320. 


an  intermediate  compound  is  so  elastic  and  their  knowledge  of 
the  compositions  of  the  assumed  intermediate  compounds  is  so 
limited,  that  there  would  probably  be  no  difficulty  in  rewriting 
aU  their  results  in  terms  of  adsorption. 

Indefinite  Intermediate  Compounds 

While  there  are  undoubtedly  many  cases  of  contact  catalysis 
involving  the  formation  of  definite  intermediate  compounds, 
it  is  equally  certain  now  that  many  others  do  not  come  under  this 
head.  Mention  has  already  been  made  that  no  hydrides  of 
nickel  and  copper  are  formed  under  the  conditions  favorable  to 
catalytic  action.  It  seems  improbable  that  it  would  be  so 
difficult  to  make  carbon  tetrachloride  if  the  chlorine  which  is 
adsorbed  by  charcoal"  and  thereby  made  active  consisted  of  a 
compound  of  carbon  and  chlorine.  Oxygen  adsorbed  by  char- 
coal will  oxidize  ethyl  alcohol  to  acetic  acid'"  and  ethylene  to 
carbon  dioxide  and  water,  reactions  which  are  certainly  not  due 
to  any  known  oxide  of  carbon.  It  is  very  important  that  we 
should  decide  in  each  given  case  whether  a  definite  intermediate 
compound  is  formed  and,  if  so,  what  compound.  Only  in  this 
way  can  we  escape  from  the  haziness  which  mars  so  much  of  the 
work  on  catalysis. 

The  view  of  Armstrong  and  Hilditch  is  practically  the  same  as 
that  of  Mr.  Bray,  except  that  he  prefers  to  speak  of  indefinite 
chemical  compounds  instead  of  definite  ones  and  he  considers 
these  indefinite  compounds  as  identical  with  adsorbed  material 
wherever  adsorption  is  something  more  than  capillary  condensa- 
tion. While  he  agrees  with  the  statement  that  the  results  of 
Armstrong  and  Hilditch  could  be  rewritten  in  terms  of  adsorp- 
tion, he  would  prefer  to  translate  many  results  now  expressed 
in  terms  of  adsorption  back  into  the  language  of  indefinite 
compounds.  Mr.  Bray  would  like  to  see  emphasized  the  differ- 
ences between  what  he  calls  the  two  classes  of  adsorption: 
(1)  when  the  amount  of  material  adsorbed  is  relatively  small 
and  not  more  than  one  molecule  in  thickness;  and  (2)  when 
the  adsorption  takes  place  on  a  porous  material  at  a  relatively 
low  temperature,  in  which  case  capillary  forces  come  into  play 
and  a  relatively  large  amount  of  material  is  adsorbed. 

He  believes  that  it  will  be  difficult  at  times  to  distinguish 
between  definite  and  indefinite  compounds.  When  we  are  not 
dealing  with  contact  catalysis,  it  is  usually  easy  to  decide  whether 
or  not  two  substances,  A  and  B,  react  to  form  a  definite  com- 
pound. Thus  oxygen  will  react  with  solid  calcium  to  form 
a  definite  oxide  but  not  with  platinum  or  with  carbon  at  relatively 
low  temperature.  If  it  were  not  possible  to  bring  more  than  a 
few  molecules  of  oxygen  to  the  surface  of  one  of  these  elements, 
Mr.  Bray  believes  "that  it  would  be  almost  impossible  to  de- 
cide whether  or  not  a  definite  compound  is  formed.  A  single 
atom  of  oxygen  on  a  surface  of  calcium  or  platinum  would  be 
held  by  the  same  kind  of  bond  (or  valence  force)  in  the  two  cases 
and  it  is  only  after  the  introduction  of  much  more  oxygen  that 
the  difference  appears.  The  molecules  of  the  definite  compound 
calcium  oxide  arrange  themselves  as  required  in  that  compound, 
and  we  may  say  that  the  Ca-Ca  bonds  are  broken.  On  the  other 
hand,  Pt-Pt  or  C-C  bonds  are  not  broken  and  the  action  of  the 
oxygen  is  restricted  to  the  surface.  In  the  latter  case  we  have 
adsorption." 

There  are  two  points  on  which  Mr.  Bray  lays  no  stress.  It  is 
of  course  possible  that  oxygen  may  be  adsorbed  to  a  varying 
extent  as  molecular  oxygen  without  necessarily  forming  a  sub- 
stance analogous  to  a  peroxide  because  it  may  be  held  by  different 
bonds  or  contravalences.  When  the  Pt-Pt  or  C-C  bonds  are 
broken,  as  in  the  formation  of  a  definite  chemical  compound,  we 
get  two  phases,  each  of  constant  composition,  in  case  the  defi- 
nite compound  is  a  solid.  In  the  corresponding  case  of  the  indefi- 
nite compound,  the  system  behaves  like  a  phase  of  continuously 
varying  concentration. 

"  Damoiseau,  Compl.  rend.,  13  (1876),  60. 
»  Calvert,  J.  Chem.  Soc,  20  (1867),  293. 
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Waiving  these  two  points,  there  is  substantial  agreement  be- 
tween the  viewpoint  from  which  the  bulk  of  the  report  is  written 
and  that  held  by  Mr.  Bray.  The  difference  is  in  the  stress  laid 
on  different  sides  of  the  problem.  It  is  admitted  that  we  may 
have  definite  compounds,  indefinite  compounds,  and  capillary 
condensation.  Mr.  Bray  wishes  to  emphasize  the  difference  be- 
tween the  last  two,  perhaps  because  of  the  differences  between  ad- 
sorption by  carbon  and  adsorption  by  silica.  For  reasons  to 
be  given  in  the  next  few  paragraphs,  the  chairman  of  the  com- 
mittee feels  that  the  capillary  condensation  plays  so  small  a 
part  in  the  interesting  cases  of  contact  catalysis  that  it  may  be 
neglected,  especially  since  the  theory  of  it  presents  no  difficulties. 
On  the  other  hand  the  failure  to  distinguish  as  sharply  as  pos- 
sible between  definite  and  indefinite  intermediate  compounds 
has  apparently  been  one  of  the  reasons  for  the  retarded  develop- 
ment of  a  theory  of  contact  catalysis.  It  is  in  order  to  empha- 
size this  distinction  that  the  term  "adsorption"  has  been  used 
in  many  cases  in  preference  to  the  term  "indefinite  compound." 
The  difference  is  psychological  and  not  chemical. 

In  so  far  as  the  reaction  takes  place  in  or  at  the  surface  of  the 
catalytic  agent  without  formation  of  definite  intermediate  com- 
pounds we  are  dealing  with  adsorption  and  we  must  now  con- 
sider the  general  case  of  adsorption  with  activation  or  activation 
in  consequence  of  adsorption. 

Activation 

Since  reaction  velocity  is  a  function  of  the  concentration  of 
the  reacting  substances,  it  was  natural  to  ascribe  the  catalysis 
of  oxyhydrogen  gas  by  platinum  to  the  increased  concentration. 
We  know  now  that  this  is  not  the  whole  truth,  because  it  was  found 
during  the  war  that  oxyhydrogen  gas  was  quite  stable  under 
pressures  of  two  thousand  atmospheres.  This  shows  that  the 
catalytic  action  of  platinum  black  is  due  to  something  more  than 
an  increase  in  concentration.  The  marked  difference  in  the 
behavior  of  platinum  and  charcoal  toivards  oxyhydrogen  gas  is 
another  argument  in  favor  of  the  action  of  a  catalytic  agent  being 
specific.  Patrick's  silica  gel  has  a  surface  of  2.5  X  10'  sq.  cm. 
per  gram  and  is  an  excellent  adsorbent;  but  it  does  not  catalyze 
many  reactions  which  are  accelerated  by  platinum  or  charcoal." 
It  does,  however,  accelerate  the  reaction  between  nitric  oxide  and 
oxygen;  and  it  is  very  effective  in  the  synthesis  of  amines.  The 
prediction  was  made"  that  it  would  work  well  with  the  mixed 
vapors  of  alcohol  and  acetic  acid  at  100°  because  this  reaction 
takes  place  at  a  measurable  rate  in  the  vapor  phase  in  the  ab- 
sence of  any  catalyst  and  consequently  the  effect  of  increased 
concentration  should  be  extremely  marked.  This  prediction 
has  been  verified  by  Reid  at  the  Johns  Hopkins  University; 
but  there  is  apparently  a  specific  effect  because  Reid  obtained  a 
76  per  cent  yield  of  ethyl  acetate  over  quite  a  long  period  of 
time,  although  the  theoretical  equilibrium  corresponds  to  67 
per  cent  conversion. 

Increased  concentration  at  the  surface  of  the  catalytic  agent 
caimot,  of  course,  account  for  cases  in  which  a  substance  de- 
composes in  one  way  in  the  presence  of  one  catalytic  agent  and 
in  another  way  in  the  presence  of  a  second.  A  typical  case  of 
this  is  the  breaking  down  of  alcohol  into  ethylene  and  water  in 
presence  of  alumina  and  into  acetaldehyde  and  hydrogen  in 
presence  of  pulverulent  metals.  Senderens"  finds  that  amyl 
alcohol  gives  varying  dehydration  products  with  varying  age 
of  the  same  catalytic  agent.  This  certainly  is  not  exclusively  a 
concentration  effect. 

W.  C.  McC.  Lewis^'  believes  that  all  catalysis  is  due  to  infra- 
red radiation,  and  a  similar  view  has    been  put    forward  by 

"  Taylor,  Trans.  Am.  EUclrochem.  Sac,  36  (1919),  150. 

"  Bancroft,  Ibid..  37  (1920),  31. 

"  Comft.  rend..  171  (1920),  916. 

!'  J.  Chcm.  .Soc,  106  (1914),  2330;  107  (1915),  233;  109  (1916),  66,  67, 
796;  111  (1917),  4.57,  1080;  113  (1918),  471 ;  117(19201.623;  "System  of 
Physical  Chemi.stry,"  B  (1919),  138. 


Perrin."  RideaF'  has  come  out  in  favor  of  this  view  and  it  has 
been  criticized  severely  by  Langmuir,-'  with  a  rebuttal  by  Lewis.^s 
It  apparently  is  not  claimed  that  these  infra-red  radiations 
act  effectively  at  finite  distances.  It  is  believed  that  they  act 
only  on  adsorbed  material.  Even  with  this  limitation  the  hy- 
pothesis has  difficulties  before  it.  Zsigmondy^'  showed  years 
ago  that  alumina  and  salts  of  aluminium  do  not  absorb  infra-red 
rays.  This  means  that  they  do  not  emit  these  rays  and  that 
consequently  alumina  should  be  a  very  bad  catalytic  agent, 
whereas  it  is  an  admirable  one  for  some  purposes.  Of  course  it 
is  possible  that  alumina  absorbs  infra-red  rays  very  strongly  at 
the  temperatures  at  which  it  is  effective  catalytically;  but  that 
should  have  been  shown  in  advance  by  the  proponents  of  this 
hypothesis.  It  seems  scarcely  possible  that  the  absorption  of 
infra-red  radiation  by  the  reacting  substance  at  the  surface  of 
the  catalyst  can  vary  in  nature  with  the  state  of  subdivision  of 
the  catalyst  at  a  given  temperature.  It  is  therefore  difficult 
to  see  how,  on  this  hypothesis,  the  dehydration  products  of 
amyl  alcohoP'  can  vary  with  the  age  of  the  catalytic  agent. 
It  is  perhaps  unreasonable  to  insist  upon  it;  but  one  would  really 
hke  to  know  which  lines  or  bands  in  the  infra-red  give  rise  to  the 
different  products  which  are  obtained  when  ethyl  acetate,  for 
instance,  is  passed  over  different  catalytic  agents. 

Tyndall'"  has  pointed  out  that  gum  arable  is  exceedingly 
opaque  to  the  infra-red  rays.  According  to  the  hypothesis, 
addition  of  gum  arable  to  a  solution  of  methyl  acetate  ought  to  be 
at  least  as  effective  in  promoting  hydrolysis  as  adding  hydrochloric 
acid.  Somebody  will  certainly  have  to  try  this  experiment. 
It  is  quite  extraordinary  that  a  theory  like  this  should  get  a 
scientific  standing  with  apparently  nothing  back  of  it. 

If  we  eliminate  radiation,  the  only  remaining  possibilities  seem 
to  be  that  we  may  have  more  effective  collisions  between  mole- 
cules or  that  we  may  have  the  conversion  of  one  or  more  of  the 
reacting  substances  into  an  active  form. 

According  to  the  kinetic  theory  the  reaction  velocity  is  pro- 
portional to  the  number  of  collisions  between  possibly  reacting 
molecules ;  but  it  does  not  follow  at  all  that  two  molecules  react 
every  time  they  collide.  If  a  large  number  of  collisions  is  neces- 
sary on  an  average  before  a  pair  of  molecules  react,  anything 
which  would  make  these  collisions  more  helpful  might  increase 
the  reaction  velocity  enormously.  The  first  question  is  then 
whether  there  is  any  evidence  of  ineffective  collisions.  This  mat- 
ter has  been  studied  by  Strutt,"  who  comes  to  the  conclusion 
that  a  molecule  of  ozone  reacts  every  time  it  strikes  a  molecule 
of  silver  oxide;  but  that  a  molecule  of  active  nitrogen  collides 
with  a  molecule  of  copper  oxide  five  hundred  times  on  an  average 
before  they  react,  while  two  molecules  of  ozone  at  100°  collide 
on  an  average  6  X  10  times  before  they  react.  Without  in- 
sisting on  the  absolute  accuracy  of  these  figures,  there  is  evidently 
plenty  of  margin  for  an  increase  in  reaction  velocity  with  ozone 
at  100°  if  one  could  produce  more  effective  collisions.  Lang- 
muir^-  finds  that  15  per  cent  of  all  oxygen  molecules  at  a  pressure 
of  not  over  5  bars  striking  a  tungsten  filament  at  2770°  K  react 
with  it  to  form  tungstic  oxide,  WO3.  This  coefficient  increases 
at  higher  temperatures,  and  at  3300°  K.  about  50  per  cent  of 
all  the  oxygen  molecules  which  strike  the  filament  react  with  it 
to  form  WOs.  Since  there  are  three  atoms  of  oxygen  in  WOs 
and  only  two  in  the  oxygen  molecule,  Langmuir  considers  that  at 
least  one-half  of  the  tungsten  surface  must  be  covered  at  3300°  K. 
with  oxygen  in  some  form. 

It  is  possible  that  a  catalytic  agent  may  cause  one  molecule  to 

>'  Ann.  phys.,  [9]  11  (1919),  5. 
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strike  another  amidships  instead  of  head-on  and  may  thereby  in- 
crease the  effectiveness  of  the  collisions.  It  is  not  impossible 
that  part  at  least  of  the  effect  of  solvents  on  reaction  velocity  may 
be  due  to  some  such  thing  as  this.  If  we  adopt  Langmuir's  views 
of  oriented  adsorption,  all  sorts  of  things  become  possible.  If 
ethyl  acetate,  for  instance,  attaches  itself  to  one  adsorbent  by 
the  methyl  group,  to  another  by  the  ethyl  group,  and  to  a  third 
by  the  carboxyl  group,  it  might  very  well  be  that  bombardment 
of  the  captive  molecule  by  free  ones  might  lead  to  very  different 
reaction  products  in  the  three  cases.  Such  a  suggestion  is  of 
very  little  value,  however,  unless  it  can  be  made  definite.  We 
do  not  know  as  yet  whether  ethyl  acetate  is  actually  adsorbed 
in  one  way  by  nickel,  in  another  way  by  thoria,  and  in  a  third 
way  by  titania,  nor  do  we  know  whether  the  difference  in  the 
manner  of  adsorption,  assuming  it  to  occur,  is  of  such  a  nature 
as  to  account  for  the  differences  in  the  reaction  products.  It 
may  well  be  that  some  entirely  different  hypothesis  wUl  prove 
necessary.  The  general  problem  of  increasing  the  effectiveness 
of  molecular  collisions  is  distinctly  an  important  one  which  has 
not  been  studied  at  aU. 

Instead  of  more  effective  collisions  between  unchanged  por- 
tions of  the  reacting  molecules,  we  may  have  a  partial  conver- 
sion of  one  or  more  of  the  reacting  substances  into  active  forms 
either  through  the  rupture  of  normal  valences  or  of  contra- 
valences,  opening  up  fields  of  force,  as  Baly^'  puts  it. 

In  order  to  account  for  the  change  of  reaction  velocity  with 
change  of  temperature  in  the  case  of  such  reactions  as  the  in- 
version of  cane  sugar,  Arrhenius^'  fell  back  on  the  hypothesis 
which  had  developed  into  the  electrolytic  dissociation  theory 
and  postulated  the  existence  of  active  and  inactive  molecules  of 
cane  sugar.  If  the  number  of  active  molecules  is  very  small 
relative  to  the  inactive  ones,  a  slight  displacement  of  the  equi- 
librium will  account  for  a  large  percentage  increase  in  the  re- 
action velocity.  This  hypothesis  did  not  prove  fruitful  and  no 
progress  was  made  in  determining  what  was  the  difference  be- 
tween the  active  and  inactive  molecules.  Since  the  majority  of 
reactions  have  temperature  coefficients  larger  than  can  be  ac- 
counted for  on  the  kinetic  theory,  this  meant  that  practically 
all  substances  occurred  in  two  forms,  the  active  form  always 
being  relatively  low  in  concentration.  This  was  so  imsatis- 
factory  that  most  persons  have  preferred  to  accept  the  tem- 
peratine  coefficient  as  an  empirical  fact  without  attempting  any 
theoretical  explanation. 

Baly  and  KruUa''  consider  that  the  change  to  an  active  form 
consists  in  opening  the  condensed  systems  of  force  lines. 

Although  the  term  residual  affinity  has  frequently  been  used 
to  explain  many  chemical  processes,  no  satisfactory  and  connected 
explanation  has  been  brought  forward  as  to  the  nature  and  origin 
of  this  property.  It  is  generally  accepted  that  the  formation  of 
compounds  such  as  hydrates  and  double  salts  are  due  to  the 
secondary  valencies  of  the  atoms  of  the  compounds  concerned, 
and  that  every  elementary  atom  possesses  these  secondary 
valencies  to  a  greater  or  lesser  extent.  In  any  compound  that 
is  formed  by  virtue  of  the  primary  valencies  of  its  atoms  only, 
the  secondary  valencies  are  unsaturated.  Every  atom  must 
therefore  be  the  center  of  a  field  of  force,  the  nature  and  strength 
of  which  depends  on  the  nature  of  the  secondary  valencies 
in  each  case.  In  addition  to  the  unsaturation  of  the  secondary 
valencies,  we  must  add  the  unsaturation  of  the  primary  valen- 
cies, when  this  is  known  to  exist.  Clearly  therefore  such  atoms 
in  a  compound  must  be  the  center  of  a  field  of  force,  the  lines  of 
which  radiate  in  every  direction. 

Now  the  independent  existence  of  the  several  fields  of  force 
in  any  one  molecule  must  be  a  metastable  condition,  for  the 
line  of  force  of  the  several  fields  must  condense  together  with 
the  escape  of  free  energy.  The  results  of  this  condensation  will 
be  the  production  of  a  closed  system  of  force  lines,  and  the  free 
affinities  of  the  molecvde  will  be  considerably  reduced.  When 
the  condensation  of  the  force  lines  has  occurred,  it  is  not  neces- 
sary that  the  whole  of  the  free  affinities  should  disappear,  for 

"  J.  Chem.  Soc,  101  (1912),  1469,  1475. 
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this  will  only  tqke  place  when  there  is  a  perfect  equality  be- 
tween those  of  opposite  type  within  the  molecule.  In  those 
cases  where  there  is  not  a  perfect  equality  there  will  naturally 
be  left  a  balance  of  affinity,  and  it  is  this  balance  which  should 
be  defined  by  the  term  "residual  affinity,"  and  this  term  should 
mean  that  amount  of  affinity  left  uncompensated  after  the  max- 
imum condensation  between  the  force  fields  has  occurred. 
This  residual  affinity  of  a  molecule  may  be  of  positive  or  nega- 
tive, or,  as  more  usually  called,  basic  or  acid  type,  according 
to  the  conditions  obtaining  within  the  molecule. 

Again  it  is  evident  that  the  chemical  activity  of  a  molecule 
must  depend  on  the  free  affinity  which  exists,  and  it  is  a  necessary 
deduction  that  the  condensing  together  of  the  lines  of  force  must 
result  in  a  decrease  of  chemical  reactivity,  and,  indeed,  it  would 
seem  to  follow  that  the  true  chemical  affinity  of  any  molecule 
cannot  be  exhibited  until  the  condensed  systems  of  force  lines 
within  each  molecule  have  been  unlocked  or  opened  by  some 
means. 

Baly  and  Rice''  have  applied  this  conception  of  condensed 
systems  of  force  lines  around  the  molecules  to  chemical  action 
and  to  catalysis. 

It  is  evident  that  the  condensing  together  of  the  lines  due  to 
the  force  fields  round  the  component  atoms  of  a  molecule  must 
result  in  an  enormous  decrease  in  the  reactivity  of  the  molecule, 
and,  in  fact,  it  may  be  said  that  such  a  condensed  system  cannot 
react  unless  it  previously  be  opened  or  unlocked  by  some  means. 
For  example,  the  well-known  cases  described  by  Baker,  when 
pure,  dry  substances,  such  as  ammonia  and  hydrogen  chloride, 
lime  and  carbon  dioxide,  do  not  react  together  are  doubtless 
due  to  the  fact  that  the  force  fields  of  the  molecules  are  so  con- 
densed together  that  no  reaction  takes  place  when  they  are 
brought  together.  The  presence  of  water  is  required  in  order 
to  open  these  systems  sufficiently  for  the  reaction  to  proceed, 
the  merest  trace  of  water  being  enough  to  catalyze  the  whole 
reaction.  Again,  the  converse  cases  of  the  vapors  of  ammonium 
chloride  and  mercurous  chloride  may  be  explained  in  the  same 
way,  for  these  molecules  evidently  possess  their  force  fields  so 
condensed  that  increase  of  temperature  alone  is  not  sufficient 
to  open  them,  and  the  vapor  densities  correspond  with  those  of 
the  undissociated  molecules.  The  presence  of  water,  however, 
opens  the  condensed  fields  sufficiently  for  the  molecules  to  dis- 
sociate un,der  the  influence  of  higher  temperatures. 

The  general  phenomenon  of  catalysis  is  capable  of  explana- 
tion on  these  lines,  for  a  catalytic  agent  may  be  defined  as  one 
which  opens  the  condensed  system  of  the  reacting  substance 
or  substances  so  that  their  chemical  reactivity  is  enhanced. 
Negative  catalysis  is  equally  capable  of  explanation,  for  a  nega- 
tive catalyst  is  simply  a  type  of  substance  which  tends  to  close 
up  the  condensed  systems,  and  thus  conteract  the  action  of 
the  solvent.  Specific  evidences  of  such  closing  of  the  molecular 
sys'tems  have  been  observed  from  absorption  spectra,  as  will 
again  be  mentioned. 

It  follows  from  the  above  that  any  chemical  reaction  must 
take  place  in  at  least  two  stages.  First,  the  reacting  sub- 
stances must  have  their  condensed  systems  opened  up,  and, 
secondly,  these  opened  systems  will  react  together  to  give  the 
expected  compound.  It  is  clear  that  these  stages  should  be 
possible  of  observation,  and  that,  in  the  event  of  their  taking 
place,  they  should  evidence  themselves  in  some  way.  There 
is  no  doubt  that  the  explanation  of  the  color  changes  of  the 
aromatic  aminoaldehydes  and  ketones  when  treated  with  alco- 
holic hydrogen  chloride  are  due  to  these  stages  in  the  reaction. 
When,  for  example,  o-aminobenzaldehyde  is  dissolved  in  alcohol, 
the  condensed  system  is  partly  opened,  owing  to  its  penetration 
by  the  force  lines  due  to  the  residual  affinity  of  the  alcohol. 
On  the  addition  of  hydrogen  chloride,  the  final  product  is,  of 
course,  the  hydrochloride;  but  the  base  in  the  form  in  which  it 
exists  in  alcoholic  solution  does  not  itself  react  with  the  acid 
to  give  the  salt.  It  passes  through  an  intermediate  phase  when 
it  is  opened  up  to  a  more  complete  stage,  and  it  is  this  interme- 
diate phase  that  reacts  with  more  acid  to  form  the  salt.  The 
intermediate  phase  has  a  yellow  or  red  color  with  a  characteristic 
absorption  band"  as  has  already  been  described. 

Experiments  with  the  nitroanisols  dissolved  in  alcohol  and 
in  concentrated  sulfuric  acid  showed  the  occurrence  of  a  stage 
in  the  sulfuric  acid  solution  preliminary  to  the  sulfonation. 
The  authors  consider  that  this  is  an  intermediate  formation  of 
CH3OC6H6.H2SO4.  They  consider  that  any  molecular  trans- 
is  J.  Chem.  Soc,  101  (1912),  1475. 
8'  Baly  and  Marsden,  J.  Chem.  Soc,  93  (1908),  2108. 
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formation  whatsoever  may  be  looked  upon  simply  as  a  rearrange- 
ment of  the  electrons  due  to  the  potential  gradient  within  the 
condensed  systems  of  force  lines  of  the  molecule  being  sufficiently 
steep. 

In  a  discussion  of  catalysis  in  homogeneous  systems,  Dhar'* 
says:  "If  active  and  inactive  molecules  exist,  it  appears  reasonable 
to  expect  that  a  catalyst  or  light  simply  acts  in  shifting  this 
equilibrium.  Plainly  if  sufficient  catalyst  were  added  to  change 
a  relatively  large  amoimt  of  inactive  into  active  molecules  or 
vice  versa,  it  would  follow  that  the  temperature  coefficient  would 
be  smaller  than  when  the  reaction  is  not  catalyzed."  This  proved 
to  be  true  experimentally.''  In  the  oxidation  of  quinine  sulfate  by 
chromic  acid,  the  temperature  coefficient  is  1.87  in  the  dark  and 
1.04  in  the  light.  With  iodine  and  potassium  oxalate,  the  tem- 
perature coefficient  is  6.73  in  the  dark  and  3.4  in  diffused  light. 
Mercuric  chloride  and  potassium  oxalate  showed  a  temperature 
coefficient  of  2.2  in  the  dark  and  1.19  in  the  light. 

The  conception  of  Baly  that  a  catalytic  agent  activates  the 
reacting  substances  by  opening  up  fields  of  force  covers  the 
ground  admirably  as  a  purely  formal  statement.  The  trouble 
is  that  it  is  as  yet  too  vague  to  be  of  any  value  as  a  working  hy- 
pothesis, though  it  is  undoubtedly  the  best  starting  point.  By 
combining  Baly's  hypothesis  with  a  modified  form  of  Langmuir's 
theory  of  adsorption,  we  may  get  something  really  worth  while. 

Langmuir  considers  that  the  particles  of  a  crystal  of  any  solid 
mass  are  held  together  by  chemical  forces  and  therefore  consti- 
tute a  giant  molecule.  An  adsorbed  gas  will  be  held  chemically 
by  the  unsaturated  valences  at  the  surface  of  the  solid.     He  says : 

In  general  the  law  of  multiple  combining  proportions  will 
apply.  Thus  each  metal  atom  of  the  surface  will  be  capable  of 
holding  a  definite  integral  number  (such  as  one  or  two  of  atoms 
of  the  gas  or  possibly  each  two  atoms  of  metal  may  hold  one 
atom  of  gas).  The  atoms  held  on  the  surface  in  this  way  will 
form  a  part  of  the  solid  body,  being  a  real  continuation  of  the 
space  lattice  of  the  solid.  This  layer  of  atoms  (or  molecules) 
on  the  surface  may  be  said  to  be  adsorbed.  The  surface  of  the 
metal  is  thus  looked  upon  as  a  sort  of  checker-board  containing 
a  definite  number,  No,  of  spaces  per  square  centimeter.  The 
number  of  elementary  spaces.  No,  is  probably  usually  equal 
to  the  number  of  metal  atoms  o;i  the  surface.  But  this  is  not 
essential,  for  we  can  imagine  cases  in  which  each  atom  holds. 
for  example,  two  adsorbed  atoms  or  molecules,  so  that  we  should 
then  have  twice  as  many  elementary  spaces  as  metal  atoms  on 
the  surface. 

These  so-called  compounds  are  not  of  the  ordinary  type  and 
no  definite  formulas  can  be  written  for  them.  In  the  case  of 
the  adsorption  of  argon  by  charcoal,  we  should  have  to  write 
CxAty  where  x  varies  with  the  mass  of  charcoal  and  y  with  its 
surface  and  also  with  the  pressure  and  temperature.  These 
substances  should  therefore  be  called  indefinite  intermediate 
compounds. 

Starting  from  this  point  of  view,  Langmuir*"  has  developed  a 
theory  of  contact  catalysis,  which  however  deals  primarily  with 
the  form  of  the  reaction  velocity  equations  and  does  not  throw 
much  light  on  the  real  problem  of  contact  catalysis.  This 
defect  could  be  remedied  if  the  theory  were  developed  to  such  an 
extent  as  to  show  that  an  ester  was  adsorbed  in  different  ways  by 
different  catalytic  agents  and  that  the  reaction  took  place  at  the 
point  of  the  molecule  where  the  ester  tied  on  to  the  adsorbent, 
forming  the  indefinite  compound.  This  is  a  perfectly  normal 
development  because  Langmuir  now  postulates  that  hydrogen 
is  taken  up — or  at  least  is  given  off — as  monatomic  and  not  as 
molecular  hydrogen. 

Promoters 

This  general  treatment  of  contact  catalysis  as  a  problem  in 
activation  has  the  advantage  of  suggesting  a  possible  explanation 
for  the  behavior  of  promoters.     Rideal  and  Taylor*'  say: 

»  J.  Chem.  Soc,  111  (1917),  746. 

>«  Cf.  Cox,  76iU,  119  (1921),  142;  lialy  and  Barker, /(iirf.,  119  (1921),  653. 

<»  J.  Am.  Chem.  Soc,  38  (1916),  2280. 

"  "Catalysis  in  Theory  and  Practice,"  1919,  31. 


Thus  far  no  theory  put  forward  to  account  for  the  accelera- 
tion of  reaction  by  minute  quantities  of  promoters  added  to 
the  main  catalyst  is  completely  satisfactory.  A  possible  mech- 
anism, which,  however,  has  received  no  experimental  test,  may 
be  advanced  by  considering  the  case  of  ammonia  synthesis  from 
mixtures  of  nitrogen  and  hydrogen.  Reduced  iron  is  an  avail- 
able contact  substance,  the  activity  of  which  may  be  regarded 
as  due  to  the  simultaneous  formation  of  the  compounds,  hydride 
and  nitride,  with  subsequent  rearrangement  to  give  ammonia 
and  unchanged  iron.  Or,  maybe,  the  activity  of  the  iron  is 
due  to  simultaneous  adsorption  of  the  two  gases.  The  partic- 
ular mechanism  of  the  catalysis  is  unimportant  for  the  present 
considerations.  Now  such  bodies  as  molybdenum,  tungsten, 
and  uranium  have  been  proposed,  among  others,  as  promoters  of 
the  activity  of  iron.  It  is  conceivable  that  these  act  by  ad- 
justing the  ratio  in  which  the  elementary  gases  are  adsorbed  by 
or  temporarily  combined  with  the  catalytic  material  to  give  a 
ratio  of  reactive  nitrogen  and  hydrogen  more  nearly  that  re- 
quired for  the  synthesis,  namely,  one  of  nitrogen  to  three  of 
hydrogen  From  the  nature  of  the  materials  suggested  as  pro- 
moters, it  would  seem  that  they  are  in  the  main  nitride-forming 
materials, '^  which  on  the  above  assumption  of  mechanism  would 
lead  to  the  conclusion  that  the  original  iron  tended  to  adsorb  or 
form  an  intermediate  compound  with  a  greater  proportion  of 
hydrogen  to  nitrogen  than  required  by  the  stoichiometric  ratio. 
The  catalytic  activity  of  reduced  iron  as  a  hydrogenation  agent 
would  tend  to  confirm  this  viewpoint. 

In  reference  to  this  suggested  mechanism  it  must  be  empha- 
sized, however,  that  in  such  examples  of  "promotion"  as  require 
only  minute  quantities  of  added  promoter  the  activity  is  more 
difficult  to  understand.  With  the  case  of  the  ammonia  syn- 
thesis, the  promoters  are  added  in  marked  concentrations. 
It  is  difficult  to  realize,  however,  that  0.5  per  cent  of  ceria  or  a 
concentration  of  one  molecule  of  ceria  among  two  hundred 
molecules  of  iron  oxide,  in  the  example  cited  above  in  reference 
to  catalytic  hydrogen  production,  can  so  far  "redress  the  balance" 
of  adsorption  or  combination  as  to  produce  the  marked  increases 
in  activity  of  which  it  is  capable.  It  is  obvious  that  in  this 
phase  of  the  problem  there  lies  an  exceedingly  fascinating  field 
for  scientific  investigation,  with  the  added  advantages  that, 
being  practically  virgin  territory,  the  harvest  to  be  gained 
therefrom  should  be  rich  and  abundant. 

Instead  of  the  promoter  changing  the  ratio  of  adsorption,  it 
may  be  that  the  catalytic  agent  activates  only  one  of  the  re- 
acting agents  or  activates  one  chiefly,  and  that  the  promoter 
activates  the  other.  Thus  it  may  be,  in  the  ammonia  synthesis, 
that  iron  activates  the  hydrogen  chiefly  so  that  we  have  hydro- 
genation of  the  nitrogen.  The  molybdenum  may  tend  to  acti- 
vate the  nitrogen  giving  rise  to  nitridation  of  hydrogen,  or  it 
may  increase  the  activation  of  the  nitrogen.  Such  a  state  of 
things  is  not  impossible  theoretically.  When  a  dye  reacts  with 
oxygen  under  the  influence  of  light,  the  light  may  make  the  oxygen 
active  and  the  activated  oxygen  may  oxidize  the  dye,  or  it  may 
be  that  the  light  makes  the  dye  active  and  that  the  activated 
dye  reduces  the  oxygen.  It  is  easy  to  decide  this  question  by 
seeing  whether  the  effective  light  corresponds  to  an  absorption 
band  for  the  dye  or  for  the  oxygen.  In  many  cases  it  is  the  dye 
that  is  made  active.*^ 

*2  The  dissociation  equilibrium  of  iron  nitride  has  recently  been  studied 
by  Noyes  and  Smith.  J.  A  m.  Chem.  Soc,  43  (1921),  475. 

"  Depierre  and  Clouet.  /.  Soc  Dyers  Colourisls,  1  (1S85).  245;  Dufton, 
Ibid.,  10  (1895).  92;    Bredig  and  Pemsel,  Beibl.,  23  (1899),  795. 

{To  be  continued) 


At  the  first  meeting  of  the  recently  formed  Interdepartmental 
Petroleum  Specifications  Committee,  held  in  the  offices  of  the 
Bureau  of  Mines  in  Washington,  D.  C,  February  27,  1922,  con- 
sideration was  given  to  certain  changes  in  specifications  for  lubri- 
cating oils  of  various  grades,  which  were  advocated  by  refiners 
on  the  Pacific  Coast.  Some  of  the  changes  suggested  were 
agreed  to  by  the  Committee.  The  changes  have  been  submitted 
to  the  Federal  Specifications  Board,  and  it  is  hoped  to  incorporate 
them  in  the  technical  paper  containing  revised  specifications  for 
petroleum  products,  to  be  published  shortly  by  the  Bureau  of 
Mines. 

The  Committee  postponed  the  discussion  of  proposed  changes 
in  specifications  for  transformer  oil,  aviation  gasoline,  kerosenes, 
and  signal  oil. 
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Progress  in  Metric  Standardization' 

By  Eugene  C.  Bingham 

Chairman,  Metric  Committee,  American  Chemical  Society 


OUR  report  in  the  October  issue  of  This  Journal  showed 
that  out  of  195  universities  heard  from  to  date,  194 
were  ready  to  change  current  practice  in  order  to  gain 
the  advantages  of  metric  standard  packages.  This  was  so  nearly 
a  "quantitative  yield"  that  it  was  feared  that  those  opposing 
the  movement  were  refraining  from  expression;  so  a  letter  was 
sent  out  asking  all  to  reply  even  if  opposed  to  the  Society's 
proposal.  As  a  result,  over  a  hundred  additional  colleges  have 
been  heard  from,  without  a  single  dissenting  voice.  The  colleges 
remaining  to  be  heard  from  certainly  constitute  a  minority  of 
the  American  colleges  and  it  is  not  probable  that  they  are  all 
opposed  to  our  proposal.  If  it  can  be  estabUshed  that  practi- 
■cally  all  of  the  colleges  and  universities  in  America  are  buying 
their  chemicals  in  metric  units  as  a  part  of  a  general  campaign 
for  the  adoption  of  the  metric .  system  it  should  have  great 
weight,  for  the  universities  are  recognized  leaders  of  thought. 

The  committee  had  been  warned  that  those  favoring  the 
metric  system  were  "crank  professors"  and  that  "practical  men" 
were  thoroughly  opposed  to  it.  Feeling  that  this  opposition 
was  greatly  overestimated  the  committee  has  begun  a  canvass 
of  certain  firms  who  are  supposed  to  be  purchasers  of  pure 
chemicals.  The  replies  are  still  coming  in,  but  of  the  300  re- 
ceived to  date  6  are  frankly  opposed,  16  are  not  interested, 
having  gone  out  of  business,  or  being  non-purchasers  of  pure 
chemicals,  etc.  This  leaves  268  (Table  1)  who  are  heartily  in 
favor  of  our  proposal  so  that  they  are  willing  to  change  their 
method  of  buying  pure  chemicals  and  apparatus  so  far  as  may  be 
necessary  to  meet  our  suggestion.  Of  the  total,  then,  those 
frankly  opposed  number  less  than  3  per  cent.  With  this  start 
it  seems  probable  that  the  great  majority  of  the  business  firms 
of  the  country  buying  pure  chemicals  will  line  up  with  us,  which 
is  as  gratifying  as  it  is  surprising  in  view  of  current  opinion  to 
the  contrary. 

Some  of  the  firms  opposing  our  proposal  are  very  bitter, 
stating  that  the  adoption  of  the  metric  system  will  cost  amounts 
miming  into  himdreds  of  thousands  of  dollars  for  each  firm. 
Mr.  Theodore  H.  Miller,  of  the  De  Ifeval  vSeparator  Co.,  states 
that  his  plant  is  now  completely  on  a  metric  basis.  The  cost 
of  the  change  does  not  even  appear  in  the  finished  product.  It 
did  not  cost  as  many  hundreds  of  dollars  as  the  hundreds  of 
thousands  prophesied.  We  beheve  that  these  people  have  been 
deliberately  misinformed  by  those  who  say  that  with  the  adop- 
tion of  the  metric  system  even  the  plumbing  in  our  houses  will 
have  to  be  changed.  The  gage  of  our  railways,  and  even  the 
couplings  between  the  cars  will,  according  to  these  misinformers, 
have  to  be  altered.  Because  16'/!  in-  do  not  come  out  an 
even  number  of  centimeters,  they  would  doubtless  maintain 
that  a  man  who  wears  a  I6V2  coUar  would  have  to  change  his 
neck  with  the  adoption  of  the  metric  system,  quite  oblivious  of 
the  fact  that  nature  does  not  provide  mankind  with  necks  having 
dimensions  in  even  half  inches  to  suit  a  divinely  instituted 
English  system. 

The  opposing  letters  do  not  give  any  argument  against  the 
metric  system  except  professing  to  be  appalled  at  the  cost.  They 
forget  the  cost  of  not  adopting  it.  Dr.  Wolf  states  that  it  costs 
us  unnecessarily  a  million  years  in  a  generation  to  educate  our 
children  in  the  English  system.  It  costs  us  much  in  foreign 
trade  and  in  inconvenience.  One  prominent  engineer  reports 
a  cost  to  him  personally  of  $10  per  week  by  not  having  the 
metric  system,  because  we  specify  particular  gage  numbers  for 
different  materials  instead  of  specifying  in  mm.  A  No.  12 
'  Received  January  5,  1922. 


copper  wire  is  not  the  same  as  a  No.  12  iron  wire,  etc.  The 
nations  we  trade  with  all  use  the  metric  system  except  the 
British  Empire  and  it  can  hardly  continue  the  present  system 
when  all  the  other  nations  use  the  metric  system.  World 
standardization  promotes  intercourse  and  understanding  and,  . 
therefore,  tends  toward  world  peace.  Would  it  not  be  well  for 
our  Society  to  join  with  other  engineering  societies  and  investi- 
gate carefully  just  how  much  it  would  cost  to  make  the  change? 
Take  the  chemical  industry,  for  example.  It  was  said  by  oppo- 
nents of  change  that  all  our  bottles  and  containers  were  blown 
in  expensive  molds,  which  could  not  be  changed,  to  hold  4  oz., 
8  oz.,  16  oz.,  etc.,  and  that  they  could  not  be  used  for  metric  pack- 
ages. The  facts  known  to  every  chemist  are  that  chemicals  differ 
in  specific  gravity,  and  16  oz.  of  each  chemical  do  not  just  fill  a 
16-oz.  bottle.  On  the  contrary,  "the  bottles  now  in  use  are  en- 
tirely suited  to  hold  chemicals  put  up  in  standard  packages. 
But  if  glass  manufacturers  started  at  any  time  to  make  200-, 
300-,  400-,  500-cc.  bottles,  etc.,  they  would  also  be  entirely 
satisfactory. 

The  facts  may  need  reiteration,  but  they  seem  not  to  have 
escaped  the  notice  of  most  American  business  men.  A  chief 
engineer  writes : 

I  am  very  much  pleased  to  have  your  circular  letter  of  Novem- 
ber 28  indicating  that  at  least  some  concrete  effort  is  being  made 
to  put  into  practical  operation  the  use  of  the  metric  system.  I 
am  an  ardent  supporter  of  this  movement  and  am  impatient  to 
have  the  system  put  into  general  use  in  the  country.  However, 
I  realize  the  senseless  opposition  in  certain  quarters  and  am  glad 
to  see  any  sort  of  beginning  made,  no  matter  how  small,  towards 
the  adoption  of  the  system.  I  will  gladly  see  that  all  orders  for 
chemical  supplies  are  made  in  the  metric  system  as  far  as  this 
company  is  concerned. 

From  a  highly  successful  glass  maker  we  have,  "We  manufac- 
ture all  of  our  chemical  laboratory  glassware  to  metric  units, 
and  shall  in  the  future  order  our  laboratory  chemicals  and 
apparatus  as  far  as  practicable  in  metric  units." 

The  director  of  research  of  a  powder  company  writes : 

I  am  pleased  to  have  the  opportunity  of  cooperating  in  the 
excellent  work  that  the  Metric  System  Committee  is  doing. 

While  I  have  no  authority  to  speak  for  the  company,  yet  I 
can  assure  you  that  so  far  as  our  Research  Department  is  con- 
cerned, we  will  endeavor  to  use  metric- quantities  in  our  orders 
for  laboratory  chemicals,  and  I  regard  this  as  a  perfectly  rational 
step,  in  view  of  the  fact  that  we  use  these  chemicals  entirely  in 
metric  quantities.  The  old  system  of  buying  a  reagent  by  the 
pound  and  then  weighing  it  out  by  the  gram  seems  somewhat 
illogical,  and  I  feel  that  we  are  taking  a  step  in  the  right  direction 
in  now  purchasing  our  laboratory  chemicals  in  standard  metric 
packages. 

The  large  number  of  companies  and  educational  institutions 
which  have  already  agreed  to  help  in  this  work  is  an  excellent 
augury  of  success.  I  have  been  greatly  interested  in  noting  the 
impetus  which  this  movement  has  had  since  your  committee 
started  its  work,  and  I  wish  to  congratulate  you  on  the  excellent 
results  achieved. 

The  president  of  a  dyestuff  works  says: 

We  are  heartily  in  favor  of  the  adoption  of  the  metric  system 
and,  of  course,  like  everybody  else,  we  use  it  exclusively  in  what 
we  may  term  internal  work.  We  have  not  now  and  never  did 
have  an  ounce  or  pound  weight  or  scale  in  our  research  or  check- 
ing laboratory.  We  quote  prices  on  our  products  by  pounds 
because  we  have  to.  We  purchase  by  the  pound,  in  most  cases, 
because  prices  are  so  quoted,  but  we  would  willingly  scrap  all  the 
beams  and  weights  in^the  pound  system  from  each  and  every 
set  of  scales  in  our  place  and  purchase  metric  beams  and  weights 
if  we  could. 
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Table  I-I.ist  of  Technical  Firms   Which   Wn.1,  HEReAPTGR   Purchasb   Purs  Chgmicai.3  and  Chemicai.  Supplies  as  Far  as  Practicable  m 

Metric   Units    (Preliminary) 


Aetna  Portland  Cement  Co. 
Agawara  Chemical  Works 
Alameda  Sugar  Co. 
Albert  Pick  &  Co. 
American   Chemical   &   Mfg.   Corp. 
.  American    Diamalt    Co. 
American  Hard  Rubber  Co. 
American    Hominy    Co. 
American    Lithographic    Co. 
American  Magnesium  Corp. 
American   Medical  Products  Co. 
American    Oak    Leather    Co. 
American    Pharmaceutical   Co. 
American     Platinum     Works 
American  Rubber  &  Tire  Co. 
American  Steel  8z  Wire  Co. 
Anaconda    Lead    Products   Co. 
Appleton  Co. 
Associated  Oil  Co. 
Atlantic  Chemical  Works,  Ltd. 
Atlantic  Refining  Co. 
Atlas  Chemical  Co. 
Atlas  Mineral  Products  Co. 

Batavia    Rubber    Co. 

Bausch  &  Lomb  Optical  Co. 

Beacon  Falls  Rubber  Shoe  Co. 

Beaver   Board   Companies 

Beckett   Paper  Co. 

Berger  &  Wirth 

Bethlehem  Foundry  S:  Machine  Co. 

B.  F.  Goodrich  Co. 

Big  Four  Canning  Co. 

Bird-Archer    Co. 

Blue    Ridge   Talc   Co. 

Boal's    Rolls   Corp. 

Bonner    Portland    Cement    Co. 

Bowker  Insecticide  Co.  * 

Boydell  Bros.  White  Lead  &  Color  Co. 

Brier  Hill  Steel  Co. 

Burmus  Paper  Co.,  Inc. 

By-Products    Coke    Corp. 

California   Central  Creameries 
California  Ink  Co.,  Inc. 
Canfield   Oil   Co. 

Cape  Girardeau  Portland  Cement  Co. 
Central  Indiana  Gas  Co. 
Cereal  Products  Co. 
Charles  F.  GledhiU  Co. 
Chas.  W.  Young  &  Co. 
Chateaugay  Ore  &  Iron  Co. 
Chemical   Pigments   Corp. 
Chemical  Service  Laboratories 
Cheney  Bros. 

C.  H.  Stuart  &  Co. 

Clinchfield  Portland  Cement  Corp. 
Coignet    Chemical    Products    Co. 
Columbia    Graph ophone    Mfg.    Co. 
Condie-Bray  Glass  &  Paint  Co. 
Congoleum    Co.,   Inc. 
Conkling-Armstrong  Terra  Cotta  Co. 
Continental  Gin  Co. 
Converse   Rubber  Shoe   Co. 
Cornell  Wood  Products  Co. 
Corning  Glass  Works 
Cosmos    Chemical    Co. 
Crocker- McEl wain    Co. 

Dayton  Rubber  Mfg.  Co. 
DeLorme-Holman    Co, 
Dewey   &  Almy  Chemical  Co. 
Dexter  Portland  Cement  Co. 
Diamond  Crystal  Salt  Co. 

D.  R.  Spcrry  &  Co. 
X)rueding  Bros.  Co. 
Duriron  Co.,  Inc. 

E.  &  F.  King  &  Co. 

E.  &■  G.  Brooke  Iron  Co. 

E.   H.  Sargent  &  Co. 

Electro-Chemical  Supply  &  Eng.  Co. 

Elijah  Brauer  &  Co. 

Elk   Tanning   Co. 

E.   L.   Patch  Co. 

Elyria  Enameled  Products  Co. 

Eraery   Candle    Co. 

Emil  Caiman  &  Co. 

Ernest  Scott  &  Co. 

Euston  Process  Co. 

Fansteel  Products  Co. 
Farwell  Bleachery 
Federal    Glass    Co. 
Fibre  Finishing  Co. 


Firestone-Apsley    Rubber    Co. 

Fisk  Rubber  Co.    (lab,  supplies  only) 

Flash     Chemical     Co. 

Ford    Roofing    Products   Co. 

Franco- American    Chemical    Works 

French  Battery  &  Carbon  Co. 

General    Bakelite    Co. 
General   I.ead    Batteries   Co. 
General    Petroleum    Corp. 
Genesee  Pure  Food  Co. 
George  A.  Schmidt  Co. 
George  J.   Kelly,  Inc. 
George  S.  Mepham  &  Co. 
■    Giant  Portland   Cement  Co, 
Gihbs  Preserving  Co. 
Glens    Falls    Portland   Cement   Co. 
Gorham    Mfg.   Co. 
Graver    Corp. 
Griebel  Instrument  Co. 

Hamersley    Mfg.    Co. 

Harrison    Mfg.    Co. 

Hercules   Powder   Co. 

H.   Heidenhain 

Hiram    Walker    &    Sons 

H.   J.    Heinz   Co. 

Houston    Cotton    Oil    Mill 

Howe    Rubber    Corp. 

H,  O.  Wilbur  &  Sons 

Hudson  Coal  Co. 

Huff  Electrostatic  Separator  Co, 

Hunnewell    Soap    Co, 

Huron    Portland    Cement    Co. 

Hydraulic  Pressed  Steel  Co, 

Iliff-Bruff  Chemical  Co. 
Independent  Fisheries 
India    Refining   Co. 
Industrial   Filtration    Corp. 
Inland    Refinine   Co. 
International    Chemical    Co. 
International  Coal  Products  Corp. 
International    Shoe    Co. 
Isabela  Sugar  Co..  Phil.  Is. 

James  Bradford  Co, 
Jas.    Bea(?h   &  Sons 
J.   B.   Williams  Co. 
T.  E.  Rhoads  &  Sons 
Jno.  H.  Heald  &  Co..  Inc. 
John  W.  Masury  &  Son 
Jos.  Schlitz  Beverage  Co. 
J.  S.  McCorraick  Co. 

KaufFman  Lattimer  Co. 
Kewaunee   Mfg.   Co. 
Keystone   Fruit    Products   Co. 
Kirkman    &    Son 
Klearflax    Linen    Rug    Co. 
Kokomo  Rubber  Co. 
Kolynos     Co. 

Laclede-Christy  Clay  Products  Co. 

Laclede   Gas  Light   Co. 

Lattimer-Geodwin  Chemical  Co. 

L.  D.  Caulk  Co. 

Lever    Bros.    Co. 

Lindsay   Light   Co. 

Loose- Wiles  Biscuit  Co. 

Los  Angeles  Soap  Co. 

L.   R.    Christie    Co. 

Lysander  Kemp  &  Sons 

McCormick  &  Co.,  Inc. 

Magnetic  Mfg.  Co, 

Manterre  Engineering  &  Machinery  Co, 

Marley  Paper  Mfg.  Co. 

Mass.  Cotton  Mills 

Mennen   Co. 

Metakloth  Co. 

Michigan    Portland    Cement    Co. 

Midland  Linseed  Products  Co, 

Minnesota    Steel    Co. 

Mississippi   Glass   Co. 

Mohawk   Valley   Cap   Factory 

Morris    &    Co. 

National    Biscuit   Co. 

National  Fibre  &  Insulation  Co. 

National  Filter  Cloth  &  Weaving  Co. 

Nan ga tuck   Chemical    Co. 

New  Jersey  Zinc   Co. 

Newport  Chemical  Works 

Newton  Falls  Paper  Co. 

Norfolk  Testing  Laboratories 

Northwestern   Chemical   Co. 


Oakland    Chemical    Co. 
O'Brien    Varnish    Co. 
O.  F.  Zurn  Co. 
Ohio  Brass  Co. 
Ohio  Fuel  Supply  Co. 
Ohio  Grease  Co. 
Onondaga    Pottery    Co.   ■ 
Orono  Pulp  &  Paper  Co. 
Otis   Steel    Co. 
Owens    Bottle    Co. 

Pacific  Coast  Syrup  Co. 
Package   Paper   &   Supply   Corp. 
Paper  Makers  Chemical  Co. 
Paraffine  Cos.,  Inc. 
Peerless    Color    Co. 
Pennsylvania  Salt   Mfg.   Co. 
Pennsylvania    Smelting    Co. 
Perkins  Glue  Co. 
Pfeiffer  Color  Co. 
Pfister  &  Vogel  Leather  Co. 
Pillsbury  Flour  Mills  Co. 
Pittsburgh  Plate  Glass  Co. 
Pleasant  Valley  Wine  Co. 
Postum  Cereal  Co.,  Inc. 
Potter  Drug  &  Chemical  Corp. 
Prest-O-Lite  Co.,  Inc. 
Prince    Mfg.    Co. 
P.  W.  Drackett  &  Sons  Co. 
Pure  Food  Factory  "Hansa." 
Pyrolectric  Instrument  Co. 

Radium  Co.  of  Colorado 
Ralph  L.  Crosthwaite  Co. 
Refinite  Co. 
Republic  Creosoting  Co. 
Roxana  Petroleum   Corp. 

S.  B.  Penick  &  Co. 

Sears,  Roebuck  &  Co. 

Seidlitz    Varnish    Co. 

Seldner   &    Enequist,    Inc. 

Shepherd  Chemical  Co. 

S.  K.  F.   Industries 

Solvay  Process  Co. 

Southern  Manganese  Corp. 

Southwestern  Portland  Cement  Co. 

Special  Chemicals  Co. 

Spicer    Mfg.    Corp. 

Spreckels  "Savage"  Tire  Co. 

Standard  Oil  Co.  of  Indiana 

Standard  Ultramarine  Co. 

StaufTer     Chemical     Co. 

Sterling  Products  Co. 

Stratford-Cookson  Co. 

Sun  Co. 

Swift  &  Co. 

Swinehort  Tire  &  Rubber  Co. 

Talc  Products  Co.,  Inc. 
Thermoid    Rubber    Co. 
Thomas  Potter,  Sons  &  Co.,  Inc. 
Thompson  &  Co. 
Trojan  Powder  Co. 

Union  Carbide  and  Carbon  Research  Lab- 
oratories, Inc. 
Union  Sugar  Co. 
"Union  Switch  &  Signal  Co. 
United  Drug  Co. 
United  Natural  Gas  Co. 
United  States  Glue  Co. 
Upco  Co. 
Utah  Oil  Refining  Co. 

Vacuum   Oil   Co. 
Vesta    Battery    Corp. 
Victor  Talking  Machine  Co. 
Virginia  Smelting  Co. 

Warner-Jenkinson  Co. 

Warner  Sugar  Refining  Co. 

Weirton  Steel  Co. 

Welsbach  Co. 

Western   Reserve  Rubber  Co. 

Western  Sugar  Refinery 

West  Virginia  Pulp  &  Paper  Co. 

W.  H.  Daugherty  Refining  Co. 

Wilbur  White  Chemical  Co. 

Wilson  &  Co. 

W.  P.  Tanner-Gross  &  Co..  Inc. 

Wm.  Wrigley  Jr.,  Co. 

York    Chemical    Works 


The  ordinary  citizen  probably  docs  not  realize  the  fact  that 
liis  scales,  of  no  matterjwhat  size,  can  be  supplied  with  one  or 
two  extra  parts  at  a  .slight  expense  which  would  convert  them  to 
the  metric  system. 

Another  firm  remarks,  "When  once  the  advantages  of  the 
metric  system  are  realized,  the  public  will  wonder  why  it  was 
not  forcibly  adopted  long  ago." 


Cream  separators  and  steam  turbines  are  being  made  on 
metric  specifications.  Here  is  another  product  although  the 
letter  docs  not  disclose  the  nature  of  the  product.  Tt  states, 
"We  shall  l)e  glad  to  co(iperatc.  We  have  used  the  metric  system 
exclusively  in  our  manufacturing  for  thirty  years.  It  would  be 
great  if  we  could  buy  and  sell  in  the  same  language  in  which  we 
manufacture." 
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A  chemical  company  writes,  "We  have  been  in  the  habit  of 
specifying  quantities  in  the  metric  system  on  our  orders  for  the 
laboratory  chemicals." 

A  refiner  of  sulfur  packs  and  sells  his  product  in  metric  units: 

We  have  for  some  time  been  packing  our  sulfur  in  50-kilo 
sacks  to  conform  with  the  metric  standard  of  weights  and  meas- 
ures. We  have  also  been  endeavoring  to  pack  our  barrels  also 
according  to  metric  weights,  but  as  the  trade  is  accustomed  to 
certain  sized  barrels  we  have  not  as  yet  been  able  to  accomplish 
this,  but  expect  within  a  short  time  to  have  all  of  our  packages 
conform  with  the  metric  system  which  we  consider  much  more 
satisfactory  than  the  old  system  of  weights. 

Several  correspondents  desire  to  go  further  than  the  committee 
has  requested : 

We  shall  be  very  pleased  to  cooperate  with  the  Metric  System 
Committee  by  placing  all  of  our  orders  for  chemicals  and  chemi- 
cal apparatus  in  the  metric  system,  so  far  as  it  will  be  possible 
to  obtain  service  in  this  way. 

We  should,  if  possible,  like  to  go  even  further  than  this  and 
purchase  our  chemical  raw  materials  in  the  metric  system,  but 
we  fear  that  this  may  not  be  possible. 

Another  writes,  "We  shall  do  all  in  our  power  to  encourage 
the  use  of  the  metric  system  among  commercial  heavy  chemicals." 
And  another  states ; 

You  can  rest  assured  that  this  company  will  do  what  they 
can  to  cooperate  in  this  matter  and  will  be  glad  to  specify  our 
requirements  in  the  metric  system  when  we  feel  reasonably  sure 
that  they  can  be  interpreted  correctly  by  the  company  from 
whom  we  are  purchasing  material.  As  a  matter  of  fact  we  feel 
reasonably  certain  that  the  majority  of  our  raw  materials  are 
purchased  from  companies  who  will  be  glad  to  cooperate  in  this 
movement. 

Others  urge  the  committee  to  strive  toward  legislation,  be- 
cause so  long  as  customs  and  freight  rates  are  adjusted  on  English 
weights  our  progress  is  limited. 

This  firm  heartily  indorses  the  movement  to  introduce  the 
metric  system.  At  various  occasions  we  placed  before  our  state 
representatives  at  Washington  the  importance  of  adopting  the 
metric  system  of  weights  and  measures.  Upon  being  questioned 
as  to  the  advisability  of  using  the  metric  system  in  our  business, 
our  stand  has  always  been  very  favorable. 

We  firmly  believe  it  to  be  a  step  in  the  right  direction  to  order 
laboratory  supplies  and  chemicals  in  the  metric  units  as  far  as 
practical. 

A  large  oil  company  states: 

It  has  been  our  habit  wherever  practicable  for  several  years 
past  to  place  our  orders  in  this  way  for  laboratory  supplies.  In 
future  we  shall  very  gladly  order  all  materials,  both  chemicals 
and  apparatus,  in  metric  units,  as  recommended  by  your  com- 
mittee. 

Beside  fine  chemicals,  we  of  course  use  large  quantities  of 
heavy  chemicals  in  the  refining  of  petroleum.  At  present  it  is 
manifestly  impracticable  to  purchase  these  in  metric  units. 
When,  however,  you  have  succeeded  in  lining  up  the  country's 
industries  under  your  banner,  you  wiU  not  find  us  in  the  rear. 

One  company  manufacturing  chemical  apparatus  sees  a 
difficulty : 

We  are  willing  to  give  our  support  to  the  metric  system  as  far 
as  possible,  but  would  state  that  we  believe  our  principal  diffi- 
culty will  be  with  the  workmen  who  have  to  use  the  chemicals 
in  fulfilling  the  practical  process  work.  They  do  not  know  the 
least  thing  about  the  metric  system. 

This  difficulty,  however,  is  being  solved  by  the  chief  chemist 
in  a  glass  works: 

We  are  in  sympathy  with  the  movement  to  aid  in  the  transi- 
tion to  metric  units,  and  although  our  purchases  of  chemicals 
(laboratory)  are  small,  I  shall  be  glad  to  order  them  by  metric 
weight  and  measure. 

I  am  planning  to  give  a  lecture  on  the  metric  system  for  our 
machinists,  mold-makers,  and  others  in  the  plant,  in  connection 
with  Industrial  Y.  M.  C.  A.  work. 


In  the  purchasing  of  heavy  chemicals  for  glass  mating,  I  feel 
that  it  will  be  impractical  to  depart  from  the  English  ton  and 
pound  basis,  until  the  R.  R.  freights  are  reckoned  on  a  metric 
basis. 

Among  our  shipping  crew,  a  certain  degree  of  familiarity  with 
kilos  is  developed  by  handling  export  packages.  Some  other 
measurements,  such  as  caps  for  jelly  glasses,  are  also  metric. 

England  is  holding  us  back  according  to  another  manufacturer, 
"As  an  officer  of  a  concern  manufacturing  rare  chemicals  and 
shipping  same  abroad,  especially  to  England,  in  considerable 
quantities,  the  introduction  of  this  system  is  not  very  practical 
at  the  present  time." 

But  we  must  not  hold  England  back,  and  then,  too,  conditions 
in  England  may  change  just  as  they  are  changed  in  Japan  and 
Poland. 

Quite  unsolicited,  comes  the  following:  "The  Hampton 
Roads  Chemists'  Club  most  heartily  indorses  the  program  of  the 
Metric  System  Committee  and  faithfully  pledges  to-support  the 
movement  by  ordering  chemical  supplies  by  metric  weights  and 
measurements."     We  recommend  this  action  to  our  local  sections. 

Several  purchasers  have  been  misled  by  the  rough  conversion 
table  published  by  J.  T.  Baker  into  supposing  that  the  users  of 
metric  weights  are  being  penalized.  We  can  state  on  the  author- 
ity of  Mr.  Baker  himself  that  this  is  not  intended  and  customers 
should  observe  that  they  secure  fuU  weight.  Since  1  kg.  =  2.205 
lbs.,  "500  grams  10  per  cent  above  1  lb.,  1  kg.  2.2  times  1  lb." 
is  sufficiently  correct  for  an  approximation. 

We  are  able  to  extend  our  list  of  those  manufacturers  and 
dealers  who  are  able  to  quote  supplies  on  a  metric  basis  (Table 
II).  To  anyone  desiring  them,  "stickers"  will  be  sent  to  be 
affixed  to  all  lists  sent  to  manufacturers  and  dealers. 

Table  II — Supplementary  List  of  Manufacturers  and  Dealers  Who 
Are  Prepared  to  Supply  Goods  on  Metric  Specifications 

American  Pharmaceutical  Co. 

Arthur  H.  Thomas  Co. 

Aspirin  Company  of  America 

Central  Scientific  Co. 

Edward  P.  Dolbey  &  Co. 

E.  H.  Sargent  &  Co. 

Leonard  Danziger 

Newark  Wire  Cloth  Co. 

Powers- Weightman-Rosengarten  Co. 

Pyrolectric  Instrument  Co. 

William  Gaertner  &  Co. 


A  Laboratory  Rheostat 

The  Allen-Bradley  Co.,  manufacturers  of  electric  controlling 
apparatus  at  Milwaukee,  Wis.,  has  placed  on  the  market  a  rheo- 
stat which  is  well  adapted  for  current  control  for  electric  com- 
bustion and  muffle  furnaces,  and  for  general  laboratory  use 
where  portability  and  flexibility  are  of  importance. 

The  rheostat  is  of  the  graphite  compression  type.  As  shown 
in  the  accompanying  cut,  it  consists  of  a  column  of  treated 
graphite  disks  mounted  on  an  insulated  rod.  It  has  a  normal 
capacity  of  200  watts,  but  will  stand  500  to  1000  watts  under 
momentary  loads.  It  will  carry  a  maximum  of  40  amperes 
continuously,  and  can  be  used  on  either  direct  or  alternating 
current  circuits  up  to  250  volts. 


The  resistance  of  the  rheostat  is  dependent  on  the  treatment 
of  the  disks.  It  is  possible  to  assemble  rheostats  with  a  minimum 
resistance  of  0.01  ohm,  or  they  may  be  made  of  disks  which  will 
give  30  ohms  or  more  under  pressure.  Since  when  all  pressure 
is  released  from  the  column  the  resistance  is  approximately  one 
hundred  times  as  great  as  when  the  disks  are  under  full  com- 
pression, the  maximum  resistance  in  these  two  rheostats  is  1 
and  3000  ohms,  respectively. 
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Recent  Advances  in  Plant  Chemistry 

[ABSTRACT] 
By  R.  W.  Thatcher^ 

New  York  State  Ageicultural  Experiment  Station,  Geneva,  New  York 


THE  study  of  the  chemistry  of  plant  life  is  one  of  the 
most  recent  phases  of  the  development  of  the  science 
of  chemistry.  Economic  interests  have  always  stimu- 
lated metallurgical  research  and  studies  in  connection  with 
processes  of  industrial  manufacture  of  organic  compounds. 
Interest  in  public  health  problems  has  been  a  powerful  stimulus 
to  the  study  of  the  chemistry  of  physiological  and  pathological 
processes  of  animal  life.  But  similar  studies  of  the  chemistry 
of  plant  life  have  been,  for  the  most  part,  left  to  the  botanists 
or  to  an  occasional  biochemist  who  has  had  as  his  impelling 
motive  a  keen  interest  in  the  works  of  Nature  as  manifested 
in  the  growth  of  plants.  Even  so-called  "agricultural  chem- 
ists" have  devoted  most  of  their  energies  to  the  problems  of 
supplying  anergic  foods  to  plants  in  the  form  of  fertilizers,  or 
to  the  problems  of  animal  nutrition,  or  to  the  inspection  service 
in  connection  with  the  regulation  of  the  sale  of  agricultural 
products  to  or  from  their  ultimate  consumer. 

Recently,  however,  there  has  appeared  in  the  plans  and  the 
writings  of  a  few  biochemists  the  idea  that  the  study  of  the 
synthetic  activities  of  plants  offers  a  fascinating  and  fruitful 
field  both  for  scientific  inquiry  and  for  economic  development. 

Undoubtedly  the  most  serious  handicap  which  biochemists 
have  had  in  their  attempts  to  study  or  duplicate  the  chemical 
processes  which  take  place  in  cell  protoplasm  lies  in  the  fact 
that  they  have  thus  far  been  compelled  to  work  with  mixtures 
of  reagents  in  solution,  contained  in  beakers,  test  tubes,  etc.,  in 
which  ionization  and  diffusion  make  a  uniform  chemical  change 
throughout  the  entire  reacting  mass  practically  unavoidable. 
Recent  advances  in  our  knowledge  of  the  colloidal  condition 
make  it  plain,  however,  that  even  in  so  small  a  mass  as  the  proto- 
plasmic contents  of  a  single  cell  there  are  thousands,  if  not 
millions,  of  colloidal  compartments,  separated  from  each  other 
by  membranes  of  variable  and  perhaps  constantly  varying  per- 
meability, in  which  a  great  variety  of  chemical  changes  may  go 
on  independently  of  each  other. 

It  seems  to  me,  therefore,  that  the  first  requisite  for  up-to- 
date  study  of  the  chemistry  of  living  things  is  a  recognition  of 
the  structure  of  the  cell  as  an  essential  factor  in  its  synthetic 
operations,  and  that  the  first  advancement  toward  an  under- 
standing of  and  possible  duplication  of  the  cell  synthesis  will 
require  the  successful  reproduction  of  a  colloidal  mass  having 
similar  structure  to  that  of  cell  protoplasm. 

A  proper  mental  picture  of  the  organization  and  activity  of 
a  plant  cell  is  suggested  by  the  figure  of  a  well-organized  chemical 
factory,  with  the  different  transformations  which  are  involved 
in  the  whole  process  going  on  in  different  parts  or  rooms  of  the 
factory,  with  the  raw  materials  systematically  transported  from 
one  room  to  another  as  they  are  needed  to  keep  each  step  in  the 
whole  process  going  at  the  proper  rate;  and  with  all  the  different 
parts  of  the  whole  factory  working  in  smooth  coordination  with 
•each  other. 

The  raw  materials  for  this  factory  are  the  mineral  matter  and 
water  coming  from  the  soil  and  the  gases  of  the  atmosphere; 
the  intermediates  are  the  simple  carbohydrates  and  amino  acids; 
and  the  finished  products  comprise  all  of  the  varied  compounds 
which  are  the  results  of  cell  protoplasmic  activity  and  which  are 
used  by  the  plant  for  its  nutrition,  growth,  or  reproduction. 

The  researches  of  botanists  and  chemists  in  the  past  have 
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dealt  with  the  nature  of  the  compounds  and  the  chemical  changes 
which  are  involved  in  each  separate  process  of  the  factory's 
operation.  The  principal  problem  now  is  to  learn  the  nature 
and  method  of  superintendence  of  the  factory,  whereby  its 
operations  are  automatically  regulated  and  altered  so  as  to 
provide  the  proper  output  of  all  the  varying  products  of  the 
factory  to  meet  the  needs  of  the  whole  plant.  We  are  as  yet 
almost  wholly  in  the  dark  concerning  the  regulatory  agencies 
which  control  the  rate  and  character  of  the  synthetic  processes 
of  cell  operation.  We  call  these  regulator}'  agents  catalysts,  or 
enzymes,  but  as  to  what  they  are  and  how  they  act  we  know 
very  little. 

Furthermore,  we  have  absolutely  no  idea  of  the  methods  of 
intercommunication  and  of  recognition  of  supplies  and  needs 
of  raw  materials  or  finished  products  whereby  the  factory  out- 
put is  varied  in  kind  or  quantity  to  meet  the  needs  of  the  growing 
plant.  We  say,  more  or  less  empirically,  that  "hormones" 
stimulate  certain  cell  activities.  But  what  are  hormones,  and 
how  do  they  happen  to  be  in  the  right  place  and  at  the  right  time 
to  start  the  factory  operation  as  it  is  needed?  We  speak  glibly 
of  "inhibitors"  which  slow  up  or  stop  any  given  process  when 
its  products  accumulate  in  quantities  unsuitable  for  the  proper 
functioning  of  the  plant  organism;  but  we  know  little  of  their 
nature  or  origin. 

In  my  opinion,  therefore,  the  most  significant  contributions 
to  our  knowledge  of  the  chemistry  of  plant  life  in  recent  years 
are  those  which  deal  with  the  phenomena  associated  with  the 
colloidal  conditions  of  matter  and  with  the  catalysts,  stimulants, 
and  inhibitors  which  serve  to  regulate  both  the  direction  and  the 
velocity  of  the  chemical  reactions  which,  taken  as  a  whole, 
constitute  the  vital  phenomena. 

I  regard  as  one  of  the  most  promising  fields  of  investigation 
of  plant  chemistry  the  apparently  simple,  but  as  yet  little  under- 
stood, relation  of  water  to  the  colloidal  condition  of  organic 
materials.  The  recent  preparation  of  an  artificial  gel  which  is 
so  nearly  solid  that  it  can  be  cut  into  blocks  with  a  knife  and  from 
which  no  water  can  be  squeezed  out,  which  yet  contains  less 
than  0.3  per  cent  of  solid  matter,  is  an  illuminating  example  of 
the  possibilities  of  almost  infinite  dispersion  and  of  the  extent 
to  which  surface  boundary  phenomena  may  be  brought  into 
play  in  semisolid  colloidal  masses  like  that  of  plant  protoplasm. 
The  constant  changes  in  concentration  of  dissolved  solids  by 
colloidal  imbibition  of  water,  and  the  protection  of  protoplasm 
against  injury  by  extreme  changes  of  temperature,  as  well  as  the 
adaptation  of  plant  protoplasm  to  its  environmental  surround- 
ings are  all  definite  chemical  phenomena  which  may  well  find 
their  explanation  in  the  water  relations  of  the  colloidal  mass. 

A  further  aspect  of  plant  chemistry,  the  significance  of  which 
is  easily  apparent  from  the  simile  of  the  factory,  is  that  chemical 
changes  which  are  almost  the  exact  antithesis  of  each  other  are 
going  on  simultaneously  in  every  active  plant  organism,  if  not 
indeed  in  each  individual  plant  cell.  The  synthetic  production 
of  complex  organic  compounds  and  the  destructive  oxidation  of 
previously  produced  synergic  foods  to  furnish  energy  for  the 
synthetic  processes  go  on  simultaneously;  just  as,  in  any  factory, 
there  is  consumption  of  fuel,  wearing  out  of  equipment,  etc., 
during  the  process  of  manufacture  of  the  factory  output.  This 
phenomenon,  too,  is  readily  understood  on  the  basis  of  colloidal 
structure  and  emphasizes  again  the  importance  of  recognition  of 
this  condition  of  matter  as  a  necessary  step  in  studies  of  proto- 
plasmic activities. 
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Pyrex:  A  Triumph  for  Chemical  Research  in  Industry' 


By  W.  H.  CuTtiss 

Corning  Glass  Works,  Corning,  New  York 


WHAT  does  the  word  "glass"  mean  to  the  ordinary 
man?  He  thinks  of  a  hard,  transparent  substance 
easily  broken.  These  two  properties,  transparency 
and  breakableness,  are  universally  connected  with  glass  in  the 
public  mind.  To  be  sure,  not  all  glass  is  transparent;  but 
transparency  governs  the  most  familiar  uses  of  glass  and  it 
may  be  regarded  as  its  most  important  property.  Ease  of 
breakage,  on  the  other  hand,  is  and  always  has  been  a  basic 
handicap  in  glass,  and  has  profoundly  influenced  the  character 
of  its  uses.  So  inseparable  from  glass  has  this  quality  been 
regarded  that  until  recently  glass  manufacturers  gave  no 
serious  thought  to  the  possibility  of  modifying  the  extent  to 
which  glass,  under  various  conditions,  is  breakable. 

The  first  deliberate  study  and  efforts  by  a  manufacturer  of 
glass  in  the  United  States  to  produce  a  glass  of  superior  mechan- 
ical strength  and  with  real  qualities  of  heat  and  chemical  re- 
sistance were  made  by  Corning  Glass  Works  of  Corning,  New 
York.  The  Coming  Glass  Works  had  the  specific  problem  to 
solve  of  devising  a  glass  for  the  inner  globe  of  street  arc  lamps 
that  would  resist  the  intense  heat  generated  by  the  arc  and  the 
extreme  temperature  variations  incident  to  outdoor  use,  and  its 
effofts  were  at  first  instigated  by  this  problem.  There  was 
little  to  guide  them  in  their  study.  The  pioneer  work  of  Otto 
Schott  of  Jena  had  shown  that  of  the  six  factors  or  properties 
determining  the  ability  of  glass  to  withstand  sudden  changes 
in  temperature  the  linear  expansion  coefficient  could  be  most 
easily  and  widely  varied.  Disregarding  quartz  glass  and  speak- 
ing only  of  glasses  that  can  be  melted  and  worked  by  usual 
methods,  the  expansion  of  glass  can  be  varied  in  the  ratio  of  six 
or  more  to  one.  The  other  properties  influencing  heat  resist- 
ance cannot  be  varied  over  any  such  range.  Coming's  line  of 
research,  therefore,  was  toward  a  glass  of  low  linear  expansion; 
but  in  securing  that  property  the  composition  could  not  be 
varied  in  directions  that  would  adversely  affect  the  melting  and 
working  qualities  of  the  glass. 

Glasses  having  expansion  as  high  as  0.000014  have  been  made 
without  difficulty.  Ordinary  lead  glass  has  an  expansion  of 
0.0000092,  while  lime  glass  has  a  somewhat  higher  coefiScient. 
When  Coming  Glass  Works  commenced  its  experiments,  a  Jena 
glass  was  known  having  an  expansion  coefficient  of  0.0000064. 
This  was  the  Jena  thermometer  glass  59'"  and  was  a  borosili- 
cate  glass.  Here  then  was  one  indication  that  assisted  the  early 
experiments — the  glass  known  at  the  time  that  had  the  lowest 
coefficient  of  linear  expansion  was  a  borosilicate  glass. 

The  Jena  59"'  glass  and  other  glasses  having  somewhat  sim- 
ilar properties  were  tested  and  analyzed;  and  glasses  dupli- 
cating these  properties  were  manufactured  on  a  small  scale. 
At  first  the  commercial  application  was  limited  to  itmer  arc 
globes  and  battery  jars;  but  later  the  glass  was  applied  also  to 
railroad  lantern  globes,  the  need  having  long  been  felt  for  a 
heat  resisting  glass  to  meet  the  severe  service  exacted  of  such 
globes.  These  early  glasses  of  Corning  were  successful  to  an  ex- 
tent that  justified  the  Company  in  establishing  the  first  properly 
organized  research  laboratory  in  the  glass  industry  in  the  United 
States. 

The  laboratory  organization  carried  on  in  a  more  intensive 
fashion  the  work  already  started  in  modifying  the  known  boro- 
silicate glasses  in  the  direction  of  lowering  their  expansion. 
One  of  the  chief  diflBculties  experienced  was  the  maintenance  of 
stability  in  the  glass  as  the  expansion  was  lowered.  Efforts  were 
concentrated  on  this  problem  with  the  result  that  a  glass  was 
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soon  developed  combining  low  expansion  with  sufficient  sta- 
bility so  that  it  became  the  standard  for  lantern  globes,  chimneys, 
inner  arcs,  and  battery  jars,  practically  eliminating  from  the 
market  ordinary  glass  previously  used  for  these  products.  To 
this  glass  the  trade-mark  Nonex  was  applied.  The  application 
of  the  glass  to  raUroad  lantern  globes  demanded  a  separate  line 
of  research  to  develop  suitable  colors  for  standard  railroad 
signal  work.  Much  of  this  research  was  in  distinctly  new  chan- 
nels, because  the  usual  materials  for  producing  red,  green,  blue, 
and  yellow  hues  had  a  radically  different  effect  when  intro- 
duced into  the  new  heat  resistant  composition.  It  is  sufficient 
to  say  that  this  problem  was  completely  solved  and  that  all 
the  standard  railroad  colors  are  regularly  produced  in  Coming 
low  expansion  glasses. 

The  steady  progress  made  by  Corning  Glass  Works'  labora- 
tory toward  the  definite  goal  that  had  been  set  from  the  begin- 
ning of  their  research,  and  the  great  commercial  success  attained 
with  the  heat  resisting  glass  products  that  had  been  marketed, 
paved  the  way  for  what  was  perhaps  the  most  daring  and  most 
distinctly  novel  idea  for  an  application  of  heat  resistant  glass 
that  had  yet  been  made — the  use  of  it  as  a  material  for  oven 
cooking  utensils.  To  attain  any  measure  of  success  in  this 
field  it  was  necessary  to  intensify  and  increase  all  of  the  effects 
already  secured  in  the  new  glass.  The  heat  resistant  quality 
must  be  improved,  for  a  thick  walled  baking  dish  subjected  to 
oven  heat  represented  a  severer  test  than  any  service  required 
of  lantern  globes  or  chimneys;  it  must  have  still  greater  resist- 
ance to  the  corrosive  action  of  liquids;  and  it  must  be  strong 
enough  mechanically  to  stand  the  rough  usage  of  the  ordinary 
kitchen.  The  first  large  shipment  of  baking  ware,  now  known 
throughout  the  world  as  Pyrex,  was  made  by  Corning  Glass 
Works  in  May  1915,  after  several  years  of  intensive  study  and 
experiment  and  after  wide  distribution  of  such  ware  made  for 
test   purposes. 

During  the  year  1914,  a  new  commercial  application  for  this 
versatile  glass,  of  vital  significance  to  the  chemical  industry, 
was  undertaken  in  a  small  way.  In  that  year  flasks,  beakers, 
and  laboratory  apparatus  were  first  made.  As  has  been  pointed 
out,  development  of  a  successful  oven  cooking  glass  had  necessi- 
tated great  improvement  in  heat  resistance  and  nonsolubility. 
These  very  qualities  gave,  ready  to  hand,  a  laboratory  glass 
superior  to  any  known  glass,  foreign  or  domestic.  American 
laboratories,  both  industrial  and  educational,  had  long  de- 
pended for  their  glass  apparatus  on  the  foreign  makers.  Jena 
glasses  had  been  regarded  as  the  standard  of  the  world  in  this 
field ;  but  when  the  war  caused  the  gradual  drying  up  of  imports 
from  Germany,  Coming  was  fully  prepared  to  help  the  American 
chemist  in  his  difficulty.  Chemists  throughout  the  country, 
knowing  of  the  remarkable  properties  of  Pyrex  from  its  other 
demonstrated  uses,  virtually  demanded  it  for  their  laboratories; 
and  the  Government  itself  seconded  this  demand  when  war  in- 
dustry and  research  enormously  increased  the  use  by  the  Govern- 
ment of  chemical  glassware.  It  was  in  the  spring  of  1915  that 
Coming  placed  on  the  market  a  complete  line  of  flasks,  beakers, 
test  tubes  and  fabricated  apparatus  in  Pyrex — a  line  that  has 
grown  steadily  in  popularity  till  now  scarcely  a  laboratory  in 
the  country  is  without  its  quota  of  Pyrex  chemical  ware.  For- 
eign chemists,  too,  have  recognized  the  value  of  Pyrex,  which 
is  now  invading  the  home  markets  of  the  best  foreign  glass  in 
steadily  increasing  quantities. 

Pyrex  should  not  be  regarded  as  a  substitute  for  the  glasses  of 
Jena  and  other  foreign  laboratory-ware  makers.     By  test  and 
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by  the  expression  of  thousands  of  chemists  it  is  distinctly  su- 
perior to  these  glasses,  and  has  supplanted  them  on  its  own  merits. 
The  United  States  Bureau  of  Standards^  gives  to  Pyrex  a  higher 
rating  than  to  any  other  known  glass.  Details  of  the  tests  by 
which  this  rating  was  determined  need  not  be  repeated  here 
except  to  say  that  the  linear  expansion  of  Pyrex  was  found  to  be 
•0.00000334,  of  the  best  foreign  glass  0  00000479;  while  the 
solubility  of  Pyrex  in  water  was  less  than  half  that  of  the  for- 
eign product. 

To  dismiss  in  these  few  paragraphs  the  intensive  development 
and  research  preceding  the  year  1915  gives  an  entirely  inadequate 
picture.  Aside  from  continued  progress  along  the  main  research 
path — the  lowering  of  expansion  and  improving  of  stability  in 
the  glass  itself — there  were  other  major  problems  arising  from 
its  radically  different  melting  and  working  conditions.  It  was 
decidedly  more  refractory  than  ordinary  glasses,  requiri.ig  an 
exceptionally  high  temperature  for  melting.  The  highest  skill 
in  the  art  of  glass  melting  was  required  to  perfect  the  commi  rcial 
production  of  Pyrex  on  a  large  scale.  This  same  refiactory 
quality  meant  that  the  glass  "set"  more  rapidly  than  softer 
glasses,  and  quicker  methods  of  working  and  handling  had  to  be 
devised. 

Mention  should  here  be  made  of  the  discovery  of  a  very  im- 
portant property  of  glass  in  its  use  as  baking  ware.  It  bakes 
food  more  rapidly  and  thoroughly  than  ordinary  utensils  of 
metal.  This  was  found  to  be  due  to  the  greater  reflectivity  of  the 
metal  for  radiant  energy.  It  has  been  determined  that  silver 
reflects  about  90  per  cent  of  radiant  heat  rays,  while  glass  re- 
flects only  about  14  per  cent.  Ordinary  utensil  metals  would 
be  lower  in  reflectivity  than  silver,  but  still  comparable  to  it  and 
very  much  higher  than  glass.  A  series  of  experiments  demon- 
strated the  practical  importance  of  this  property  of  glass  as  a  bak- 
ing utensil  and  its  superiority  to  any  other  oven  utensil  in  com- 
mercial use. 

It  should  be  borne  in  mind  that  research  work  for  improving 
Pyrex  and  for  widening  its  commercial  uses  is  by  no  means 
finished;  in  fact,  the  present  applications  of  Pyrex,  diverse  as  the 
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appended  list  shows  them  to  be,  are  believed  to  represent  only  a 
beginning  of  the  possibilities  in  this  remarkable  glass;  and  Com- 
ing's laboratory  organization  is  making  constant  progress  in  per- 
fecting new  uses  for  it.  Of  particular  interest  to  the  chemical 
industry  will  be  the  logical  step  from  the  laboratory  use  of 
Pyrex  to  actual  production  uses  in  chemical  manufacturing  plants. 
It  is  confidently  expected  that  Pyrex  products  will  soon  replace 
more  expensive  and  less  reliable  materials  in  chemical  plants  for 
conveying  liquids  at  high  temperatures,  for  volatilization  and 
for   kindred   uses. 

The  scope  of  the  present  article  will  not  permit  of  a  detailed 
treatment  of  the  many  other  eminently  successful  lines  of  re- 
search by  the  laboratory  of  Corning  Glass  Works.  The  develop- 
ment of  Pyrex  is  only  a  typical  example  of  the  contributions  of 
that  organization  to  glass  chemistry.  Brief  mention  may  be 
made,  however,  of  the  most  important  of  those  contributions 
which  have  placed  America  in  a  leading  position  in  the  manufac- 
ture of  glass  for  various  practical,  industrial,  and  scientific  uses. 
Potash  glass  was  formerly  considered  essential  for  incandescent 
electric  light  bulbs.  The  war,  by  shutting  off  imports  of  German 
potash,  made  action  imperative  in  the  direction  of  a  substitute 
glass.  First,  a  successful  non-potash  lead  glass  was  produced, 
and  later  a  lime  glass,  which  has  largely  replaced  all  other  glasses 
in  the  making  of  incandescent  bulbs  in  this  country.  Colored 
glasses  of  various  special  properties  have  been  developed,  em- 
bracing the  high  transmission  railroad  signal  colors;  a  glass  ab- 
solutely duplicating  daylight;  glasses  absorbing  certain  definite 
portions  of  the  spectrum,  such  as  the  ultraviolet  or  the  infra-red 
rays;  X-ray  shield  glasses;  spectacle  glasses  for  work  in  special 
conditions  of  heat  and  light.  Each  of  these  deserves  a  chapter 
in  the  story  of  chemical  research  in  industry,  but  must  here  be 
dismissed  with  only  this  mention. 

Present  Products  op  Pyrex 


Oven  cooking  utensils 
Oven  door  panels 
Percolator  tops 
Coffee  urn  liners 
Gage  glasses 
Cylinders 
Tubing 


Flasks,  beakers,  test  tubes 

Fabricated  laboratory  apparatus 

Battery  jars 

Lantern  globes 

Chimneys 

Condenser  lenses 

Headlight  glasses 


Corrosion 


The  National  Research  Council  recently  appointed  a  committee 
with  its  Division  of  Research  Extension  with  the  following  mem- 
bership: 

W.  M.  Corse    {Chairman),  General  Manager,  Monel  Metal  Products 
Corporation.  Bayonne.  N.  J. 

John  Johnston,  Yale  University.  New  Haven.  Conn. 

D.  M.  Buck,  American  Tin  Sheet  and  Tin  Plate  Co..  Frick  Building, 
Pittsburgh,    Pa. 

Colin  G.  Fink  {Secretary),  101  Park  Ave.,  New  York,  N.  Y. 
Wilder  D.  Bancroft,  Cornell  University,  Ithaca.  N.  Y. 
G.  K.  Burgess,  Bureau  of  Standards,  Washington,  D.  C. 
William  H.  Bassett,  American  Brass  Co.,  Waterbury,  Conn. 

E.  M.  ChamoT,  Cornell  University.  Ithaca,  N.  Y. 

The  purpose  of  this  committee  is  to  serve  as  a  general  clearing- 
house and  to  devote  its  attention  essentially  to  fundamental  sci- 
entific study  of  corrosion.  This  committee  desires  to  get  in 
touch  with  all  the  work  that  is  being  done  on  corrosion  whether 
through  societies,  associations,  institutions,  universities,  or 
private  or  industrial  laboratories.  It  is  known  that  the  follow- 
ing committees  are  at  work,  or  have  been  recently  appointed 
to  undertake  work: 

American  Society  }or  Testing  Materials — This  Society  has  had  a 
committee  on  corrosion  of  iron  and  steel  for  a  number  of  years 
known  as  Committee  A-.'j.     Mr.  J.  II.  Gibboney,  chemist  of  the 


Norfolk  and  Western  Railroad,  Roanoke,  Va.,  was  designated 
as  acting  chairman  of  the  committee,  following  the  death  of 
Dr.  S.  S.  Vorhees  of  the  Bureau  of  Standards,  and  the  secretary 
is  Mr.  J.  A.  Aupperle,  chief  chemist  of  the  American  Rolling 
Mill  Co.,  Middletown,  Ohio.  The  committee  is  representative 
of  both  nonproducers  and  producers  of  iron  and  steel  with  four 
subcommittees,  one  an  advisory  committee,  another  a  com- 
mittee on  preserving  metallic  coatings  of  metals,  another  a 
committee  on  inspection,  and  the  last  a  conunittee  on  total  im- 
mersion tests.  It  has  been  decided  to  establish  a  further 
committee  (Committee  B-3)  on  corrosion  of  nonferrous  metals 
and  alloys,  representing  nonproducers  and  producers. 

The  American  Committee  on  Electrolysis  was  organized  in  1913 
through  the  activity  of  some  members  of  the  American  Institute 
of  Electrical  Engineers,  representing,  in  addition  to  the  Insti- 
tute and  the  Bureau  of  Standards,  the  following  organizations: 

American  Electric  Railway  Association,  American  Gas  Asso- 
ciation, American  Railway  Engineering  Association,  American 
Telephone  and  Telegraph  Co.,  American  Water  Works  Associa- 
tion, National  Electric  Light  Association,  National  Gas  Associa- 
tion of  America.  This  committee  is  made  up  of  twenty-seven 
engineers,  three  from  each  of  the  organizations  named.  This 
general  committee  appointed  a  special  research  subcommittee 
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of  which  Mr.  H.  S.  Warren,  195  Broadway,  New  York  City,  is 
chairman,  and  Mr.  H.  C.  Sutton,  1401  Arch  St.,  Philadelphia, 
Pa.,  is  secretary.  The  Bureau  of  Standards  undertook  the  in- 
vestigation of  certain  phases  of  the  electrolysis  problem  in  1910 
and  has  since  then  made  important  contributions  to  the  subject. 
At  the  beginning  of  the  cooperative  work  between  the  Bureau  and 
the  Research  Subcommittee  a  policy  was  agreed  upon  to  the  effect 
that  the  investigations  are  solely  concerned  with  the  accumula- 
tion of  facts  leading  to  the  establishment  of  principles  upon  which 
conclusions  and  recommendations  may  ultimately  be  based. 
Mr.  Burton  McCoIIum,  of  the  Bureau,  has  recently  proposed 
an  extended  series  of  tests  of  samples  of  many  kinds  of  pipe 
buried  in  the  soils  of  known  special  character  in  selected  locali- 
ties in  many  parts  of  our  coimtry. 

Engineering  Foundation  is  giving  preliminary  consideration  to 
a  study  of  that  form  of  corrosion  of  iron  which  has  been  called 
"Graphitic  Corrosion." 

The  American  Electrochemical  Society  at  its  recent  meeting 
named  Dr.  Colin  G.  Fink  as  head  of  the  committee  on  corrosion 
investigations. 

The  Bureau  oj  Mines  at  its  Pittsburgh  Station  is  investigating 
the  corrosion  of  mine  waters  on  metals. 

The  American  Society  of  Civil  Engineers  has  recently  appointed 
a  research  committee  of  which  Prof.  A.  M.  Talbot  at  the  Uni- 
versity of  Illinois,  Urbana,  111.,  is  chairman,  and  F.  E.  Schmitt, 
Associate  Editor,  Engineering  News  Record,  10th  Ave.  and  36th 
St.,  New  York  City,  is  secretary.  The  matter  of  corrosion  has 
not  yet  been  considered  by  the  committee,  but  undoubtedly 
will  be. 

Some  associations,  like  the  National  Caimers'  Association, 
and  certain  corporations  like  the  New  Jersey  Zinc  Company 
and  National  Tube  Company,  have  been  making  studies  in 
corrosion.  The  committee  of  the  National  Research  Council 
will  be  very  glad  to  he  informed  of  any  work  on  corrosion  that 
is  going  on  or  that  is  in  contemplation.  Communications  should 
be  sent  to  Paul  Moore,  Secretary,  Division  of  Research  Exten- 
sion, National  Research  Council,  1701  Massachusetts  Ave., 
Washington,   D.   C. 


Corrosion  Problems  Arranged  According  to  Specific  M.\teriai, 


Problems  in  Corrosion 

By  Colin  G.  Fink 

Secretary,  Corrosion  Committee.  National  Research  Council 

In  spite  of  the  general  relaxation  in  chemical  and  metallurgical 
research  throughout  the  country,  a  number  of  the  corrosion 
problems  are  so  very  important  and  their  solution  involves  such 
large  savings  in  capital  and  labor,  that  a  number  of  concerns 
and  government  laboratories  felt  the  urgent  need  of  furthering 
corrosion  research  during  the  last  year. 

The  corrosion  problems  have  been  attacked  from  two  more 
or  less  different  angles.  In  the  one  case  every  effort  is  being 
made  to  arrest  the  corrosion  of  the  materials  now  in  use;  in  the 
second  case,  new  materials  are  substituted  and  tried  out.  There 
are  to-day  a  series  of  distinct  corrosion  problems,  in  each  instance 
centered  about  some  specific  material  or  article  of  manufacture. 
There  is,  for  example,  the  problem  of  the  corrosion  of  food  con- 
tainers and  the  problem  of  the  corrosion  of  biu-ied  conduits 
and  cables.  Besides  these  specific  problems,  there  are  the  general 
investigations  on  the  causes  of  corrosion  under  varying  con- 
ditions and  of  various  materials. 

We  cite  below  a  few  of  the  corrosion  problems  covering  specific 
materials  or  products;  and,  secondly,  a  few  of  the  general  topics, 
closely  allied  to  the  corrosion  problem,  which  require  further 
study   and   research. 


Condenser  tubes 
Underground  cables 
Buried  iron  pipes,  posts,  etc. 
Fence  wire 

Flues,  stacks,  stove  pipes 
Steel  ships  and  ship  fittings 
Roofing  materials 

Mine  pumps  and  other  mine  equip- 
ment 
Atmospheric  corrosion  of  brass 
Atmospheric  corrosion  of  bronzes 
Corrosion    of    iron    as    affected    by 
elements 


Alloys  resistant  to  high  temperatures 
Corrosion  of  zinc  cathodes 
Contact  metals  or  alloys 
Catalyzer  metals  or  alloys 
Cutlery  steels 
Acid  tank  linings 
Corrosion  of  nickel  plated  ware 
Boiler  tubes 
Fire  boxes 

Automobile  radiators 
Insoluble  anode 
presence    of    small    amounts  of  other 


General   Problems 

Velocity  of  corrosion  as  affected  by; 

(a)  Temperature  fluctuations. 
ib)    Alternate  dry  and  moist  surface. 
(c)    Presence   of   foreign   materials, 

i,d)  Presence  of  oxide,  carbonate  or  other  compound  of  one  or  the  other 
constituent    of   the   alloy. 

(f)  Crystal  structure  and  intercrystalline  cement. 

Properties  of  the  surface  film: 

(a)  Coefficient  of  expansion  as  compared  with  that  of  the  underlying 
metal. 

(6)   Chemical  composition. 

(c)  Porosity. 

(d)  Flexibility  or  ductility. 
ie)   Coefficient  of  adhesion. 

(J)  Speed   of   renewal  or  "healing." 

(g)  Relative  hardness. 

(A)  How  affected  during  mechanical  working. 

Corrosion  and  bacteria. 

A  more  complete  micrographic  investigation  of  the  changes 
taking  place  in  the  film  and  the  metal  underneath,  during  the 
process  of  corrosion,  is  very  desirable.  Furthermore,  we  shall 
be  able  to  progress  more  rapidly  the  sooner  we  agree  upon 
standard  tests  used  to  determine  the  relative  corrodibility  of 
two  samples.  At  present  it  is  almost  impossible  to  compare 
the  results  of  one  author  with  those  of  another,  even  when  both 
have  used   the   same   materials   in   their   tests. 

Within  the  last  year  decided  progress  has  been  made  in  cut- 
lery steels,  in  metals  and  alloys  for  mine  equipment,  in  cable 
sheath,  in  insoluble  anodes  and  in  alloys  resistant  to  high  tem- 
peratures and  the  corrosive  action  of  molten  metals  such  as 
zinc,  tin,  etc.  But  the  corrosion  problem,  as  a  whole,  in  spite 
of  its  long  past  history,  is  still  in  its  "infancy"  and  it  is  only 
through  cooperative  effort  and  a  free  discussion  of  results  (those 
suitable  for  advertising  purposes  as  well  as  those  usually  sup- 
pressed) that  consistent  forward  strides  are  possible. 


Chemistry  by  Radio 


The  interest  taken  by  nearly  a  million  people  in  wireless  tele- 
phony and  the  programs  prepared  for  broadcasting  from  various 
centers  affords  an  opportimity  which  is  being  utilized  by  chem- 
ists. The  Publicity  Committee  of  the  Detroit  Section,  under 
the  leadership  of  H.  C.  Hamilton,  is  to  have  five  minutes 
each  week  on  the  program  prepared  by  the  Detroit  News.  The 
first  of  these  was  given  on  March  16,  "Chemistry  as  We  Meet 
It  Every  Day"  being  the  subject. 

On  the  18th  from  the  Westinghouse  Station  in  Pittsbiurgh  the 
Pittsburgh  Section,  through  the  Chairman,  J.  O.  Handy,  ar- 
ranged for  ten  minutes  which  was  devoted  to  a  popular  story  on 
"Chemistry  in  Peace  and  War,"  by  H.  E.  Howe. 

In  many  other  localities  chemists  can  do  service  to  the  pro- 
fession by  telling  over  the  wireless  telephone  the  fundamental 
place  which  chemistry  occupies  in  everyday  life  and  in  all  the 
industries. 
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NOTES  AND  CORRESPONDENCE 


Visit  to  Local  Sections 

The  Editor  and  the  Technical  Manager  of  the  A.  C.  S.  News 
Service  spent  the  greater  part  of  March  visiting  the  local  sections 
in  the  Middle  West.  The  trip  was  made  to  learn  through  per- 
sonal contact  with  the  members  just  how  the  Journal  can  be 
made  more  useful  to  the  chemical  industry  and  the  chemical 
profession.  Mr.  Gamett  accompanied  the  Editor  in  order  that 
he  might  confer  with  the  local  sections  with  a  view  to  mapping 
out  some  policy  to  be  followed  in  obtaining  local  publicity  and 
to  explain  personally  to  the  sections  visited  that  the  News 
Service  is  at  their  service  at  any  and  all  times,  and  that  in  order 
to  make  it  a  success  they  must  make  the  greatest  possible  use  of  it. 

In  all,  seventeen  sections  were  visited,  including 


Eastern  New  York 

Syracuse 

Western  New  York 

Northern  Indiana 

Cleveland 

Detroit 


University  of  Michigan  Lafayette 

Midland  Louisville 

Michigan  Agricultural  Lexington 

College  Cincinnati 

Chicago  Columbus 

Indiana  Pittsburgh 


Mr.  Gamett  joined  the  Editor  at  Buffalo  and  accompanied  him 
on  the  remainder  of  the  trip,  except  that  they  separated  on  two 
occasions  in  order  to  cover  more  ground,  the  Editor  going  to 
South  Bend  and  Lafayette,  and  Mr.  Gamett  to  Cleveland  and 
Louisville.  At  each  place  they  were  entertained  by  the  section 
and  discussed  the  Journal  and  News  Service  with  the  entire 
section  or  members  of  the  Executive  and  Publicity  Committees. 

About  200  were  present  at  the  intersectional  meeting  at  North- 
western University  on  March  11,  at  which  the  Milwaukee,  Wis- 
consin, Iowa,  and  Illinois  sections  were  represented.  Professor 
J.  H.  Mathews  presided  at  the  afternoon  meeting,  and  consider- 
able discussion,  in  which  eight  or  ten  participated,  followed  the 
Editor's  address.  At  the  evening  meeting,  over  which  Dr.  W. 
Lee  Lewis  presided,  the  following  greetings  were  given:  For  the 
Society,  H.  E.  Howe;  Illinois,  A.  M.  Buswell;  Wisconsin,  H.  B. 
Adkins;  Milwaukee,  E.  J.  Kern;  Iowa,  Edward  Bartow.  A 
paper  by  G.  L.  Wendt  on  "The  Atomic  Disintegration  of  Tung- 
sten" was  read,  and  a  congratulatory  resolution  was  passed  and 
sent  to  the  author. 

On  the  afternoon  of  March  11  they  were  guests  at  luncheon 
of  the  Chicago  Chemists'  Club,  where  they  met  present  and  past 
editors  of  the  Chicago  Btdletin  and  the  editorial  staff. 

At  Indianapolis  the  Editor  also  addressed  the  Scientech  Club 
on  "The  Universality  of  Chemistry." 

It  is  believed  that  a  better  understanding  by  both  the  stock- 
holders and  the  members  of  the  Journal  staff  resulted  from  the 
trip  which  will  be  to  their  mutual  advantage  and  will  go  a  long 
way  toward  solving  the  problem  of  getting  chemistry  across. 
The  results  of  the  trip  were  so  gratifying  that, similar  trips  in 
other  directions  are  on  the  calendar  for  a  later  date. 


New  Local  Sections,  A.  C.  S. 

A  Section  of  the  Society,  known  as  the  Purdue  Section,  was 
organized  January  10,^1922,  with  a  membership  of  50  active 
and  14  associate  members.     Its  officers  are: 

Chairman:  L.  A.  Test  Secretary-Treasurer:  Marc.tjerite  G.  Mallon 

Vice  Chairman:   A.  J.  WmsON  Councilor:   K.  G.  Mahin 

The  Northern  Indiana  Section,  with  headquarters  at  South 
Bend,  numbers  54  members.  The  following  officers  were  elected 
at  its  first  meeting,  January  19: 

Chairman:  M.  M.  MacLkan  Secretary:  V.  C.  Bidlack 

Vice  Chairman:  IJ.  N.  Webkr  Treasurer:  S.  J.  McGrath 

Councilor:   II.  li.  Fkonino 


Officers  of  the  Institute  of  Metals 

At  the  annual  meeting  of  the  American  Institute  of  Mining 
and  Metallurgical  Engineers  held  in  New  York  the  week  of 
February  20,  1922,  the  following  were  elected  officers  of  the 
Institute  of  Metals  Division: 

Chairman:   W.  B.  Price,  Scovill  Mfg.  Co.,  Waterbury,  Conn. 

Vice  Chairman:  George  K.  E1vI.iott,  Lunkenheimer  Co.,  Cincinnati, 
Ohio. 

Secretary-Treasurer:  W.  M.  Corse,  Monel  Metal  Products  Corporation, 
Bayonne,   N.   J. 

Executive  Committee: 

George  K.  Elliott. 

C.  T.   Bragg,    Michigan   Melting  and  Refining   Co.,   Detroit,    Mich- 

H.  M.  Lane,  H.  M.  Lane  Engineering  Co.,  Detroit,  Mich. 

Lawrence  Addicks,  New  York,  N.  Y. 

William  Campbell,  Columbia  University,  New  York,  N.  Y. 

J.  A.  Capp,  General  Electric  Co.,  Schenectady,  N.  Y. 

E.  E.  Thum,  McGraw-Hill  Book  Co.,  Inc.,  New  York,  N.  Y. 

George  F.  Comstock,  Titanium  Alloy  Mfg.  Co.,  Niagara  Falls,  N.  Y. 

W.  A.  Cowan,  National  Lead  Co.,  Brooklyn,  N.  Y. 

H.  M.  Williams,  c/o  General  Motors  Research  Corporation,  Dayton, 
Ohio. 


Employment  for  Chemists 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

"Our  Unemployment  Problem,"  as  described  in  your  editorial 
in  the  February  1922  issue  of  This  Joitrnal,  brought  very 
forcibly  to  my  mind  a  letter  addressed  to  me,  long  ago,  by 
Professor  Henry  Wuyts  of  the  University  of  Brussels,  giving 
his  opinion  that  the  future  logical  center  of  chemical  develop- 
ment, scientific  as  well  as  industrial,  is  bound  to  be  in  the  United 
States,  and  I  am  absolutely  of  the  same  opinion.. 

There  is  room  in  all  our  large  industries,  right  now,  for  many 
more  able,  willing,  intelligent,  and  industrious  chemists  than 
are  available,  and  I  have  no  doubt  that  such  deserving  chemists 
will  soon  be  placed. 

Many  industries  appreciate  the  invaluable  help  of  their  re- 
search departments,  and  consider  them  their  most  potential 
element  of  earnings.  The  richest  men  like  Carnegie  do  not 
hesitate  to  give  chemistry  full  credit  for  their  success.  We 
have  many  excellent  chemists  in  the  United  States  who  have 
produced  wonders,  a  very  great  number  who  have  efficiently 
helped  their  concerns,  unluckily,  too  great  a  number  have  proved 
to  be  only  a  burden,  and  let  us  hope,  only  a  few  have  brought 
disrepute  on  their  profession,  but  I  have  heard  it  said,  by  more 
than  one  manufacturer,  that  some  chemists  have  misused  in- 
formation obtained  in  their  employ  and  this  has  caused  distrust. 
Undoubtedly  the  profession,  like  all  others,  needs  some  well- 
defined  standards  of  ethics  and  perhaps  an  enforcement  organiza- 
tion as  other  professions  have. 

Chemistry  is  not  fully  appreciated  by  the  layman,  but  even 
he  is  rapidly  learning  to  value  scientific  research. 

There  is  no  doubt  that  every  chemist  worthy  of  the  name 
and  of  his  great  profession  will  find  an  enviable  place,  as  con- 
ditions are  undoubtedly  rapidly  improving  in  all  industries. 

Paul  Seydgl 

The  Suvdei.  Mfo.  Co. 
JBRSBY  City,  N.  J. 
February  17.  1922 
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The  Determination  of  Glycerol  in  the 
Presence  of  Sugars — Correction 

In  the  article  of  the  above  title,  published  in  This  Journ.^l, 
14  (1922),  54,  there  is  an  error  which  requires  correction. 

C  X  0.01  X  20  X  100 


Equation  4  on  page  56  should  read  D  = 

Larkin  Co.,  Inc. 

Buffalo,  N.  Y. 

February  7,  1922 


1.25 
L.  F.  HOYT 

H.  V.  Pemberton 


16  C. 


Calendar  of  Meetings 


American  Electrochemical  Society — Spring  Meeting,  Baltimore, 
Md.,  April  27  to  29,  1922. 

American  Institute  of  Chemical  Engineers — 14th  Semiannual 
Meeting,  Niagara  Falls,  Ontario,  June  19  to  22,  1922. 

American  Society  for  Testing  Materials — 25th  Annual  Meeting, 
Atlantic  City.  N.  J.,  June  26  to  JiUy  1,  1922. 


WASHINGTON  NOTES 


The  Dye  Probe 

Chemically  speaking,  the  interest  of  the  month  has  been 
focused  in  and  around  the  Capitol.  On  February  20  the  com- 
mittee appointed  to  investigate  the  alleged  dye  probe  was  re- 
organized. Senator  Shortridge  continued  as  chairman,  with 
Senators  Ashurst  of  Arizona  and  Sterling  of  South  Dakota  as 
the  other  members,  Senators  Ernst  and  Reed  having  previously 
declined  to  serve.  Senator  Ashurst  has  since  resigned  from  the 
committee  and  no  one  has  been  designated  to  fill  the  vacancy 
thus  created.  The  hearings  have  been  conducted  almost  con- 
tinuously since  they  started  and  give  promise  that  they  will 
drag  on  for  many  weeks  to  come.  The  representatives  of  the 
domestic  dye  industries  are  very  much  pleased  with  the  course 
of  the  invesrigation,  which  has  given  them  exactly  the  oppor- 
tunity they  wanted  to  prove  to  the  committee  and  to  the  country 
at  large  that  there  is  not  and  never  has  been  a  monopoly  among 
domestic  dye  manufacturers  and  that  they  have  not  attempted 
to  influence  Congress  improperly.  No  one  in  attendance  at 
the  hearings  could  fail  to  be  impressed  by  the  straightforward 
testimony,  made  under  oath,  of  these  men  who  have  been  putting 
up  such  a  long,  hard  fight  to  protect  the  American  dye  industry. 
Their  cards  are  all  on  the  table  and  they  not  only  welcome  but 
invite  the  closest  study  and  scruriny  of  the  evidence  submitted. 
Their  attitude  is  best  expressed  by  Francis  P  Garvan,  President 
of  the  Chemical  Foundation,  when  he  said : 

As  long  as  this  committee  may  sit  it  cannot  find  a  witness  to  give  one 
iota  of  evidence  which  would  stand  in  any  court  of  justice  as  tending  to 
show  the  existence  of  a  monopoly  in  the  American  dye  industry. 

Contrast  with  that  statement  the  attitude  and  statements  of 
those  hostile  to  the  development  of  the  American  industry. 

Muscle  Shoals 

Muscle  Shoals  is  still  with  us.  The  House  Military  Affairs 
Committee  has  considered  the  propositions  of  Ford,  Engstrum, 
and  the  Alabama  Power  Company,  and  as  we  go  to  press  is 
seeking  the  advice  and  opinion  of  experts  who  have  no  connection 
or  personal  interest  in  any  of  the  proposals  thus  far  presented 
to  the  committee  for  consideration.  The  committee  has  a 
great  mass  of  evidence  before  it,  and  as  it  will  take  considerable 
time  to  analyze  this  evidence  the  final  report  cannot  be  looked 
for  until  some  time  after  the  hearings  are  concluded.  The 
Senate  Committee  on  Agriculture  and  Forestry  on  February  24 
was  authorized  to  take  a  trip  to  Muscle  Shoals  for  the  purpose 
of  personally  investigating  the  situation.  Other  members  of 
the  Senate  requested  permission  to  accompany  the  committee, 
with  the  result  that  about  forty-five  senators  will  compose  the 
investigating  party.  Since  the  treaties  are  of  all-absorbing 
interest  in  the  Senate  just  now,  however,  it  is  probable  that 
no  action  looking  towards  Muscle  Shoals  will  be  taken  by  that 
body  in  the  immediate  future. 

Patent  Convention  with  Germany 

On  February  17,  the  President  asked  the  advice  and  consent 
of  the  Senate,  in  advance,  to  the  revival  of  the  convention  of 
1909  between  the  United  States  and  Germany  bearing  upon 
patents.  On  February  22  the  Senate  passed  a  resolution  ad- 
vising and  consenting  to  the  giving  of  notice  by  the  President 
to  revive  this  convention.  The  President,  however,  has  not 
notified  Germany  that  the  treaty  is  revived,  which  is  all  that  is 
necessary  to  make  the  treaty  effective,  but  on  the  contrary  is 
withholding  formal  notification  until  important  phases  of  patent 
legislation  can  be  given  careful  consideration. 


More  Shortsightedness 

Congress  has  eliminated  the  appropriation  of  S35,000  for 
nonraetallics  which  was  granted  to  the  Bureau  of  Mines  last  year. 
This  means  that  a  large  part  of  the  work  in  nonmetallics  will  be 
discontinued.  The  money  appropriated  last  year  was  greatly 
needed  by  the  Bureau  of  Mines  in  the  expansion  of  its  non- 
metallic  work  and  the  cutting  off  of  it  this  year  is  a  keen  disap- 
pointment to  the  various  industries  affected,  which  number 
among  them  the  heavy  clay  iudustry,  talc,  gypsum,  feldspar,  and 
similar  industries,  as  well  as  to  the  Bureau  of  Mines  officials. 

Helium  Production 

The  lamentable  disaster  to  the  Roma  has  aroused  keen  interest 
in  the  question  of  the  utilization  of  helium  in  place  of  hydrogen. 
It  is  generally  recognized  that  if  the  Roma  had  been  filled  with 
helium  instead  of  hydrogen  the  result  would  have  been  very 
different,  and  even  though  the  ship  were  wrecked  it  is  possible 
that  no  lives  would  have  been  lost. 

The  Army  and  Navy  at  the  present  time  have  on  hand  about 
2,400,000  cubic  feet  of  helium,  but  it  was  not  used  in  the  Roma 
for  the  reason  that  she  was  not  especially  adapted  for  its  use  and 
also  because  some  of  her  bags  were  in  a  rather  leaky  condition  on 
account  of  old  age.  The  disaster  has  awakened  interest  in  Con- 
gress in  the  use  of  helium  which  is  evidenced  by  a  more  favorable 
attitude  to  an  enlargement  of  the  helium  program,  and  its  use  has 
been  discussed  at  two  cabinet  meetings.  It  is  to  be  hoped  that 
while  Congress  is  in  this  favorable  frame  of  mind  sufficient  funds 
will  be  appropriated  to  make  the  use  of  helium  possible  in  prac- 
tically all  of  the  lighter-than-air  craft  of  both  the  Army  and 
Navy,  provided,  of  course,  that  the  condition  of  their  gas  bags 
will  justify  it. 

The  production  plant  at  Fort  Worth  has  been  shut  down  since 
December  1,  1921,  because  of  lack  of  funds.  The  outlook  is  not 
promising  that  funds  will  become  available  sufficiently  soon  to 
start  this  plant  again  during  the  present  fiscal  year,  but  it  is 
believed  that  it  can  be  used  after  July  1  next. 

Agricultural  Research 

Scientists  in  the  government  service  were  rejoicing  over  a 
paragraph  in  the  Agricultural  Appropriation  bill  which  provided 
that  the  maximum  salary  of  any  scientific  employee  should  not 
exceed  $6500,  the  present  limitation  being  S4500.  Their  exulta- 
tion, however,  was  shortlived,  for  this  clause  was  struck  out  of 
the  bill  by  the  House  on  a  point  of  order  and  the  bill,  as  amended, 
was  passed  by  that  body  on  March  13. 

As  a  result  of  the  very  generous  attitude  of  the  Department 
of  Agriculture  to  encourage  its  workers  to  prepare  themselves 
more  fully  for  their  work,  an  iiicreasing  number  of  the  research 
men  of  that  Department,  whose  headquarters  are  connected  with 
educational  institutions,  are  enrolling  for  graduate  work  in  those 
institutions.  Informal  instructional  courses  are  also  being  held 
practically  every  day  of  the  week  for  the  employees  of  the  De- 
partment in  Washington.  This  work  consists  of  lecture  and 
laboratory  courses  in  a  number  of  subjects  in  which  the  staff 
of  the  Department  is  sufficiently  interested  to  distribute  the 
arrangement  of  such  courses. 

Committees  Named 

The  National  Research  Council  has  appointed  a  committee  to 
investigate  the  properties  of  ammonium  nitrate.  The  personnel 
of  the  committee  is  as  follows:  C.  E.  Mimroe,  National  Research 
Council,  Chairmav;  S.  P.  HoweU,  representing  the  Bureau  of 
Mines;  R.  C.  Tolman,  representing  the  Department  of  Agricul- 
ture;  C.    G.    Storm,    representing   the   Ordnance   Department, 


April,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


341 


United  States  Army;  C.  P.  Beistle,  representing  the  Bureau  of 
Explosives  of  the  American  Railway  Association;  and  C.  A. 
Bigelow,  representing  the  Institute  of  Makers  of  Explosives. 
It  is  expected  that  the  Navy  Department  will  also  be  represented 
on  this  committee.  This  committee  has  been  appointed  because 
of  the  constantly  increasing  importance  of  ammonium  nitrate 
in  various  fields. 

Upon  the  request  of  W.  D.  Bancroft,  the  National  Research 
Council  has  appointed  the  following  Committee  on  Theory  of 
Reactions  of  Nonelectrodes:  Julius  vStieglitz  of  the  University 
of  Chicago;  Roger  F.  Brunei  of  Bryn  Mawr;  H.  S.  Fry  of  the 
University  of  Cincinnati;  L.  W.  Jones  of  Princeton  University; 
James  Kendall  of  Columbia  University;  G.  N.  Lewis  of  the 
University  of  California;  and  W.  A.  Noyes  of  the  University  of 
Illinois. 

The  Office  of  Industrial  Hygiene  and  Sanitation  of  the  Public 
Health  Service  is  making  a  study  of  brass  foundry  ague,  follow- 
ing up  the  suggestion  of  Professor  Lehmann  that  the  fever  is  due 
to  zinc,  and  is  studying  the  effect  of  the  fumes  of  volatile  zinc 
•on  the  lower  animals.  Thus  far  the  work  has  consisted  of  de- 
termining the  zinc  in  the  food  of  normal  animals  and  its  dis- 
tribution through  the  various  body  tissues.  It  is  contemplated 
later  to  expose  the  animals  to  brass  and  zinc  fumes  and  if  it  is 
then  found  possible  to  produce  ague  in  the  lower  animals  an 
attempt  will  be  made  to  determine  the  method  by  which  the 
poison  causes  the  disease  and  whether  zinc  is  responsible  for  it. 


The  same  office  also  has  under  way  a  study  to  determine  the 
per  cent  of  efficiency  of  the  Palmer  test  machine  in  various  types 
of  dust. 


The  Bureau  of  Mines,  at  its  Pittsburgh  Experiment  Station, 
has  under  way  an  investigation  to  determine  the  cause  of  gum 
forrnation  in  gasoline  in  storage.  It  is  estimated  that  the  in- 
vestigation may  occupy  two  years. 


The  New  Orleans  Association  of  Commerce  has  requested  the 
assistance  of  the  Bureau  of  Mines  in  an  educational  campaign 
looking  toward  the  abatement  of  the  smoke  nuisance  in  that 
city. 

The  Tariff  Commission  has  begun  an  investigation  to  bring  up 
to  date  the  information  which  it  gathered  some  time  ago  on 
chemical  and  optical  glassware.  As  soon  as  the  investigation  is 
completed  the  results  will  be  published  by  the  Commission. 


Senator  Frelinghuysen  has  introduced  a  bill  which,  if  it  becomes 
law,  will  transfer  the  Tariff  Commission  to  the  Department  of 
Commerce.  The  indications,  however,  point  strongly  to  the 
fact  that  the  bill  will  never  become  law. 


March  1.3,  1922 


LONDON  LETTER 


By  Stephen  Miall,  157  Haverstock  Hill,   Hampstead,  N.  W.  3,  England 


Those  of  us  who  live  in  London  are  apt  to  speak  and  even  to 
think  of  it  with  some  not  very  pronoiuiced  measure  of  dis- 
paragement. Those  who  were  bom  here,  because  this  de- 
preciation is  a  habit,  a  sort  of  pride  which  makes  it  unneces- 
sary to  praise  our  metropolis.  If  I  take  a  visitor  to  see  Gray's 
Inn  or  the  Temple  Church  I  feel  that  no  observations  of  mine 
are  needed;  if  the  visitor  has  a  soul  he  will  at  once  think  as  I 
do;  if  he  has  none  1  am  sorry  for  him  and  must  enjoy  the  spec- 
tacle myself.  And  those  who  come  from  the  provinces  and 
are  merely  sojourners  here  have  their  affections  firmly  estab- 
lished in  Devon  or  Yorkshire  or  whatever  other  place  colored 
the  vivid  and  undying  impressions  of  infancy.  But  in  this  week 
we  have  had  in  London  three  first-class  chemical  lectures,  and 
there  is  no  other  place  in  the  Empire  and  not  many  in  the  world 
where  this  could  happen  in  the  normal  course  of  things  without 
the  accident  of  a  congress  or  the  deliberate  effort  of  some  organ- 
izing secretary.  The  three  lectures  I  have  in  mind — and  there 
may  be  others — were  one  by  Dr.  E-  F.  Armstrong  before  the 
Society  of  Chemical  Industry  on  the  principles  of  catalysis,  a 
paper  distinguished  both  by  clear  thinking  and  clear  speaking; 
the  second  by  Mr.  E.  V.  Evans  before  the  Society  of  Arts  on  some 
problems  of  the  gas  industry.  This  or  something  like  it  was  its 
title,  but  it  was  in  fact  a  chemical  revue  in  which  the  lecturer 
was  by  turns,  or  all  at  once,  chemist,  artist,  and  comedian. 
The  point  which  the  man  in  the  street  laid  hold  of  was  that  to- 
bacco smoke  contains  both  prussic  acid  and  carbon  monoxide, 
the  latter  in  appreciable  quantities.  Think  of  this  when  you 
smoke  tobacco!  Prussic  acid  in  minute  doses  is  a  valuable  tonic; 
small  quantities  of  prussic  acid  are  necessary  for  the  fattening  of 
cattle — so  it  is  said — and  probably  the  virile  characteristics  of 
the  Red  Indians  from  whom  we  learned  the  art  of  tobacco  smok- 
ing were  due  to  the  stimulating  effects  of  the  prussic  acid  they 
inhaled.  The  third  lecture  was  by.  Sir  Ernest  Rutherford  on 
disintegration  of  the  atom,  delivered  nominally  to  the  Chemi- 
cal Society,  actually  in  the  spacious  hall  of  the  Mechanical 
Engineers  and  to  the  first  four  or  five  hundred  people  who  were 
fortunate  enough,  by  promptness  or  favor,  to  obtain  admission. 
The  modem  views  of  the  atom  were  explained  by  the  man  who, 
in  this  country,  knows  the  subject  better  than  anyone  else,  who 
was  lucid  and  easy  to  follow  and  has  a  voice  that  a  sergeant- 
major  might  envy.  One  is  always  a  little  uneasy  when  a  physi- 
cist begins  his  oration;  he  is  apt  to  break  off  and  interpolate  a 
few  remarks  on  Fourier's  theorem  and  then  turn  to  a  blackboard 
and  "scrawl  hieroglyphics  alarming"  as  a  Scottish  poet  hath  it. 
But  this  lecture  was  entirely  free  from  stunts  of  this  nature  and 
if  this  excellent  example  is  followed  I  shall  abandon  my  pro- 
jected Society  for  the  Prevention  of  Cruelty  to  Chemists  and  the 


Association  for  the  Discouragement  of  the   Integral   Calculus. 

The  Society  of  Chemical  Industry  has  had  a  memorable  year. 
The  visit  to  America  gave  some  of  its  members  not  only  a  de- 
lightful holiday  but  provided  them  with  ideas  and  time  to  turn 
them  round  in  the  gruel  which  chemists  call  their  brains.  The 
writer  has  no  pretension  to  be  a  chemist.  "Je  ne  suis  pas  la 
rose  mais  j'ai  vecu  pres  d'elle."  This  is  the  first  outstanding 
feature;  the  second  is  that  the  late  Dr.  Messel,  famous  for  his 
work  on  the  contact  process  for  the  manufacture  of  sulfuric  acid, 
left  the  Society  a  sum  of  £20,000  and  this  has  placed  it  in  some 
security.  On  reading  this  sentence  through  I  find  it  is  rather 
ambiguous,  but  both  interpretations  are  correct.  The  Society 
in  recognition  of  Dr.  Messel's  achievements  in  applied  chemistry 
and  probably  (if  we  could  get  at  the  back  of  our  Treasurer's 

mind)  with  a  vague  hope  that  Lord or  Sir or  Dr. 

will  be  encouraged  to  do  likewise,  has  instituted  a  Messel  Me- 
morial Lecture  to  be  given  every  two  years  by  some  one  who 
has  rendered  signal  service  by  research  or  in  some  other  manner 
to  industrial  chemistry.  The  first  lecture  is  to  be  delivered 
next  summer  by  Prof.  H.  E.  Armstrong  who  has  announced  a 
long  Greek  title  to  it,  partly,  I  suppose,  because  he  has  always 
scoffed  at  the  classics  and  now  wishes  to  do  the  unexpected,  and 
partly  to  shock  the  chemical  world  and  dislocate  them  out  of 
their  well-worn  fut.  The  sculptor,  Mr.  Gillick,  an  artist  of  re- 
pute, is  now  engaged  in  designing  a  medal  to  be  given  to  the 
lectiu'er  and  to  perpetuate  the  researches  of  Dr.  Messel,  his 
generosity  to  the  Society  of  Chemical  Industry,  and  the  other 
considerations  concerned  in  the  grant  of  the  medal.  If  these  are 
artistically  planned  and  compressed  into  a  circle  two  inches  in 
diameter  the  close-packing  theorem  of  Pope  and  Barlow  will 
have  a  formidable  rival. 

The  Society  has  had  a  successful  year  and  has  a  surplus  of 
some  $18,000  of  revenue  over  expenditure.  It  has,  therefore, 
abolished  the  Finance  Committee,  a  characteristic  English 
procedure.  But  one  is  sorry  to  find  that  the  current  year  is 
feeling  the  effects  of  bad  trade  and  the  advertisement  revenue 
has  now  begun  to  decline.  When  he  thinks,  good  easy  man,  his 
greatness  full  surely  is  a-rijiening,  the  manager  brings  a  long 
list  of  firms  who  propose  to  curtail  their  advertisements.  Dur- 
ing the  last  year  the  Chemical  vSociety  and  the  vSociety  of  Chem- 
ical Industry  have  hatched  out  a  scheme  for  joint  meetings  in  the 
provinces.  If  this  effort  of  cooperation  is  successful  1  suppose 
some  joint  meetings  in  London  could  be  attempted.  In  time 
we  shall  effect  a  reunion  between  the  pure  and  the  applied; 
they  have  not  been  divorced,  only  separatcti. 

February  18,  1922 
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PARIS  LETTER 


By  Charles  Lormaxd,  4  Avenue  de  I'Observatoire,  Paris,  France 


In  my  last  letter,  I  discussed  efforts  which  are  being  made  to 
obtain  copyright  for  inventors,  and  especially  for  chemists. 

In  addition  to  the  points  which  I  mentioned,  the  following 
resolution  has  been  passed,  that  "nn  droit  d'auleur  a  definir 
ought  to  be  granted  to  scientists  for  their  discoveries  which  are 
used  in  the  industries,  as  well  as  to  inventors  after  the  expiration 
of  their  patents.  In  the  public  interest,  one  part  of  this  copy- 
right fee  should  go  to  a  central  depository  for  the  profit  of  scien- 
tific research,  the  organization  and  development  of  laboratories, 
grants  to  scientists,  and  help  to  the  young  in  their  scientific 
development." 

The  Societe  de  Chimie  Industrielle  ratified  all  decisions  at  its 
February  22  meeting.  The  plan  is  to  be  defended  before  Parlia- 
ment by  Mr.  Barthelmy,  deputy  and  professor  in  the  Faculte  de 
Droit  of  Paris,  and  by  President  ^'iviani. 

The  idea  of  collecting  from  the  copyright  a  portion  to  be  used 
for  the  maintenance  of  industrial  research  laboratories  is  of  special 
interest.  In  the  preliminary  discussion  a  typical  e.xample  was 
offered  by  Mr.  Andre  LeChatelier,  brother  of  Professor  Le- 
Chatelier. 

Mr.  Andre  LeChatelier,  who  is  the  director  of  an  industrial 
research  laboratory  modeled  in  miniature  on  the  Mellon  Insti- 
tute, stated  that  the  laboratory  had  developed  a  process  for 
extracting  peanut  oil  in  50  to  60  per  cent  yield,  while  the  daily 
yields  of  the  Marseilles  industry,  the  center  of  French  peanut- 
oil  extraction,  reached  only  40  per  cent.  This  work  constituted 
an  invention  and  a  distinct  improvement.  Mr.  LeChatelier 
stated  that  he  had  been  unable  to  obtain  from  the  manufacturers 
the  payment  of  a  fee  which  was  perfectly  legitimate  on  account 
of  the  development  of  their  business. 

Along  the  same  line,  Mr.  Sabatier,  whose  work  on  catalj-sis 
and  hydrogenation  has  created  new  industries,  says  in  humorous 
fashion  that  the  only  profit  which  he  has  obtained  from  his  work 
consists  of  a  package  of  candles  which  were  offered  to  him  by  a 
manufacturer  of  hydrogenated  oils. 

Professor  LeChatelier's  JtrsiLEE 

On  January  23,  French  chemists  gathered  about  Mr.  Henry 
LeChatelier,  whose  scientific  jubilee  they  celebrated,  and  to 
whom  they  presented  a  gold  medal  in  honor  of  his  work. 

A  pupil  of  Sainte-Claire-Deville,  it  may  be  said  of  Mr.  Le- 
Chatelier that  his  work  marks  a  decisive  step  in  the  progress  of 
chemistry.  His  early  work  on  hot  air,  on  lime  and  cements,  on 
the  rate  of  combustion  of  gases,  on  alloys,  on  metallography,  on 
the  measurement  of  high  temperatures  by  means  of  the  thermo- 
electric couple  prepared  him  wonderfully  for  the  theoretical 
studies  which  form  the  culminating  point  of  his  work.  The 
application  of  Gibbs'  mathematical  ideas  to  thermodynamics  led 
him  to  the  formulation  of  the  rules  of  chemical  mechanics  which 
are  now  the  basis  of  all  research  and  all  chemical  education. 

There  is  no  need  to  dwell  on  the  importance  of  this  work  or 
to  eulogize  the  great  chemist  who  for  fifty  years  has  contributed 
so  much  to  the  progress  of  the  science.  Many  great,  modem 
industrial  discoveries  have  had  their  germ  in  the  work  of  Mr. 
LeChatelier.  For  example,  the  question  of  the  synthesis  of 
ammonia  by  the  use  of  hyperpressures  is  derived  to  a  large 
extent  from  the  ideas  expressed  by  Mr.  LeChatelier  more  than 
twenty  years  ago,  on  the  role  of  pressure  in  chemical  reactions. 

Since  the  subscription  for  the  medal  more  than  covered  its 
cost,  the  remainder  (more  than  100,000  francs)  has  been  placed 
at  the  disposal  of  the  Academic  des  Sciences  for  the  creation  of 
a  bureau  of  scientific  research  applied  to  industry. 

Ammonia  Synthesis 

Research  on  details  is  perfecting  the  ammonia  synthesis.  Mr. 
Decarriere  has  shown  the  extremely  toxic  effect  of  phosphine 
on  the  catalysts.  One-fifty-thousandth  of  one  per  cent  of 
phosphine  destroys  the  catalyst  as  rapidly  as  2  per  cent  of  hy- 
drogen sulfide. 

Mr.  Claude  reports  the  difficulties  which  he  has  met  in  cooling 
his  apparatus.  The  formation  of  ammonia  at  high  pressures 
sets  free  a  considerable  quantity  of  heat,  and  in  his  earlier  experi- 
ments Mr.  Claude  used  fused  lead  as  a  cooling  agent.  Although 
the  tubes  in  which  he  carried  out  the  reaction  were  ver>'  thick, 
they  cracked  from  the  outside  inward,  because  of  the  fact  that 
the  amount  of  heat  evolved  in  a  given  time  could  not  be  absorbed 


sufficiently  rapidly  by  radiation.  Mr.  Claude  was  next  led  to 
insulating  the  tubes  thermally  by  surrounding  them  with  kiesel- 
guhr.  This  thermal  insulation  makes  possible  an  even  distri- 
bution of  heat  from  the  tube. 

Messrs.  Matiguon  and  Frejacques  have  studied  the  formation 
of  urea  from  ammonia,  or  rather  from  ammonium  carbamate. 
The  advantage  of  urea  over  ammonia  is  that  the  same  amount 
of  nitrogen  is  contained  in  a  much  smaller  volume.  The  pro- 
cesses described  give  hope  of  the  rapid  development  of  great 
facilities  for  the  conversion  of  ammonia  to  urea. 

Anti-Oxidation  Catalysts 

Since  his  return  from  America,  Mr.  Moureu  has  resumed  the 
direction  of  his  laboratory  and  has  just  published  an  interesting 
piece  of  research  which  has  been  going  on  for  some  time,  on 
anti-oxidation  catalysts.  With  Mr.  Dufraisse  he  has  established 
the  fact  that  a  number  of  substances  possess  a  power  which  he 
calls  "anti-oxygen."  Numerous  compounds,  especially  im- 
saturated  compounds,  oxidize  rapidly  in  the  air.  Messrs. 
Moureu  and  Dufraisse  have  found  out  that  certain  substances, 
in  general,  phenols,  prevent  this  autoxidation,  and  that  infini- 
tesimal doses  of  the  phenols  are  sufficient  to  cause  the  phe- 
nomenon. This  anti-oxygen  phenomenon  is  therefore  a  cata- 
h^ic  action. 

As  an  example,  one  molecule  of  hydroquinol  prevents  the 
spontaneous  oxidation  of  40,000  molecules  of  acrolein. 

This  conception  of  anti-oxygen  substances  may  be  very  fruit- 
ful, especially  in  biological  chemistrj',  where  oxidation  (both 
i>i  vitro  and  in  the  organism)  may  be  conditioned  by  the  presence 
of  these  anti-oxygen  phenolic  compoimds,  which  are  very  numer- 
ous in  the  organism. 

From  the  industrial  point  of  view  also,  linseed  oil.  which 
■  everyone  knows  is  a  markedly  dr>-ing  oil,  remains  fluid  (even 
when  spread  in  thin  layers)  on  long  exposure  to  the  air,  when  a 
trace  of  an  anti-oxygen  compound  is  added.  Butter  mixed  with 
an  anti-oxygen  in  catal>'tic  doses  no  longer  becomes  rancid. 

Catalytic  Oxidations 

In  the  field  of  oxidation,  Mr.  Jaloustre  has  demonstrated  the 
oxidative  power  of  thorium  X.  Very  small  amounts  of  thorium 
X  oxidize  adrenalin  and  morphine  very  rapidly.  The  oxidations 
are  much  stronger  than  those  obtained  with  the  manganese  salts 
which  act  as  catalysts  in  oxidation.  This  work  is  part  of  an 
interesting  effort  to  connect  catalytic  action  with  radioactive 
phenomena. 

Radioactive  Compounds 

Messrs.  Lebeau  and  Jolibeau  have  both  been  studying  the 
oxides  of  uranimn.  These  oxides  have  been  described  in  large 
number,  as  a  result  of  the  fact  that  they  form  solid  solutions  one 
with  another.  In  reality,  there  are  only  three  perfectly  distinct 
oxides:  UO3,  UsOs,  and  UO2. 

Mr.  Barlot  has  used  uranium  and  sodium  salts  for  the  differen- 
tiation of  the  fatty  acids.  A  crj'stalline  salt  of  uranium  and 
sodium  is  formed  by  the  acids  containing  a  number  of  pairs  of 
consecutive  carbon  atoms.  Thus,  with  formic  and  propionic 
acids  no  salt  is  formed,  but  the  well-crystallized  salt  is  obtained 
with  acetic,  butj-ric,  etc.,  acids. 

I  have  already  mentioned  the  discover>'  of  radium  minerals  in 
the  Belgian  Congo,  in  the  Katanga  region.  It  appears  that 
these  minerals  are  ver>'  rich  in  radium  and  have  a  content  greater 
than  the  camotites  of  Colorado.  Moreover,  the  minerals  lie 
near  the  surface  of  the  ground.  A  factory  with  an  annual  pro- 
duction capacity  of  30  grams  is  now  being  built  at  Katanga. 
This  figure  seems  rather  high,  for  if  it  is  reached  a  serious  distur- 
bance of  the  radium  market  will  result. 

February  23,  1922 


The  Belgian  geologist.  Professor  Scouppe  of  the  University 
of  Ghent,  has  just  returned  from  the  Belgian  Congo  where  he 
located  two  radium  deposits,  said  to  be  the  richest  in  the  world. 
Professor  Scouppe  christened  the  mineral  "Curite."  The 
Belgian  authorities  have  started  the  construction  of  a  plant  near 
Antwerp,  which  it  is  said  will  produce  one  gram  of  radium  from 
nine  tons  of  the  mineral. 
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Personals 


Industrials 


Mr.  C.  S.  Brinton  has  been  appointed  Chief  of  the  Philadelphia 
Food  and  Drug  Inspection  Station  of  the  Bureau  of  Chemistry, 
effective  March  1,  1922.  This  appointment  is  made  to  fill  the 
vacancy  caused  by  the  transfer  of  Mr.  Arthur  Stengel  to  the 
Bureau  of  Chemistry  in  Washington. 

Miss  Hannah  L.  Wessling  has  resigned  her  position  with  the 
Department  of  Agriculture  in  order  to  accept  that  of  Home 
Economics  Consultant  with  the  Northwestern  Yeast  Co.,  Chicago, 
111.  For  a  number  of  years  Miss  Wessling  was  District  Field 
Agent  with  the  States  Relations  Service  specializing  along  the 
line  of  flours  and  baking. 

The  company  of  Jayne  and  Sidebottom,  Inc.,  recently  formed 
in  New  York  with  offices  in  the  Whitehall  Building,  17  Battery 
Place,  represents  manufacturers  as  agents  for  the  sale  or  purchase 
of  materials  generally  classed  as  chemicals  for  the  textile,  paint, 
rubber,  dye,  chemical,  pharmaceutical,  paper,  leather,  and  allied 
industries.  Previously  Mr.  Jayne  was  manager  of  The  Barrett 
Company  Plant  at  Frankford,  Philadelphia,  and  Mr.  Sidebottom 
was  manager  of  the  Technical  Service  Department  of  the  same 
company. 

Mr.  Thorwald  A.  Carlson  until  recently  employed  as  chemist 
by  the  American  Smelting  and  Refining  Co.,  at  East  Helena, 
Mont.,  has  now  become  a  member  of  the  technical  staff  at  the 
Forest  Products  Laboratory,  Madison,  Wis. 

The  Pittsburgh  Testing  Laboratory  announced  at  its  annual 
meeting  held  in  Pittsburgh,  on  February  2,  1922,  the  retirement 
of  its  president,  Mr.  Geo.  H.  Clapp,  his  reappointment  as  a 
member  of  the  board  of  directors  of  the  company,  and  the 
election  of  Col.  James  Miliken  to  the  presidency  of  the  company. 

Mr.  Odus  C.  Homey  has  been  relieved  from  duty  as  Ord- 
nance Officer  of  the  Sth  Corps  Area,  Fort  Sam  Houston,  Texas, 
and  assigned  to  the  command  of  the  Frankford  Arsenal,  Phila- 
delphia, Pa. 

Maj.  J.  K.  Clement  has  been  relieved  from  duty  as  Com- 
manding Officer  at  the  U.  S.  Nitrate  Plant  No.  2,  Muscle 
Shoals,  Ala.,  and  assigned  to  duty  in  the  office  of  the  Chief  of 
Ordnance  as  a  member  of  the  Ordnance  Salvage  Board. 

Mr.  A.  P.  Gest,  Jr.,  formerly  with  The  Barrett  Co.,  is  now  as- 
sociated with  Keator  &  Wilson,  Philadelphia,  Pa.,  as  sales 
•engineer. 

Mr.  A.  C.  Grubb  received  his  Ph.D.  degree  at  the  University 
of  Chicago  last  June  and  is  now  occupying  the  position  of  as- 
sistant professor  of  chemistry  at  the  Univ.  of  Saskatchewan. 

Mr.  Albert  MacLeod,  formerly  with  the  H.  J.  Heinz  Co., 
Bay  City,  Mich.,  is  now  with  the  Sherwin-Williams  Co.,  as 
their  assistant  azo  dye  chemist. 

Mr.  Arthur  D.  Holmes,  who  has  l^een  research  chemist  with 
the  E.  I.  du  Pont  de  Nemours  &  Co.  at  the  Jackson  Laboratory, 
has  resigned  to  accept  a  position  with  the  E.  L.  Patch  Co.,  Boston, 
Mass.,  to  establish  a  research  laboratory  which  will  be  concerned 
with    investigations    along    biological    and    physiological    lines. 

Mr.  F.  E.  Dodge,  formerly  with  The  Barrett  Co.,  is  now  vice 
president  of  the  Protexol  Corporation,  and  is  manufacturing 
manager  of  their  New  York  plant. 

Mr.  C.  L.  Bryden,  formerly  with  the  Kelly  Filter  Press  Co., 
is  now  eastern  representative  for  the  Vallez  Rotary  Filter  Press, 
New  York,  N.  Y. 

Mr.  L.  E.  Roberts  has  resigned  his  position  as  assistant  di- 
rector of  research,  American  Writing  Paper  Co.,  Holyoke, 
Mass.,  to  become  physical  chemist  with  the  Bureau  of  Mines, 
Pacific  Coast  Experiment  Station,   Berkeley,   Cal. 

Mr.  Gustave  E.  Behr,  Jr.,  resigned  his  position  as  superin- 
tendent of  Balder,  Adamson  Co.,  of  Philadelphia,  Pa.,  and  is 
now  engaged  in  a  special  investigation  for  the  National  Lead 
Co.,  at  their  main  chemical  laboratory,  Brooklyn,  N.  Y. 

Mr.  Hugh  M.  Henton  has  given  up  his  position  as  instructor 
at  Case  School  of  Applied  Science,  to  open  an  office  in  the  Na- 
tional City  Building,  Cleveland,  Ohio,  and  further  industrial 
research  in  metallography  and  kindred  branches. 

Mr.  Hollis  H.  Dann,  recently  chief  chemist  at  Central  Fe, 
Cuba,  has  become  associated  with  the  Darco  Corporation  of 
Wilmington,  Del.,  as  Technical  Assistant  to  the  Sales  Manager. 
Mr.  Dann  will  have  charge  of  the  development  work  in  connec- 
tion with  the  cane  sugar  industry. 

Mr.  Charles  F.  Hobson,  formerly  general  manager  of  the  West- 
chester Chemical  Co.,  of  N.  Y.,  is  now  general  manager  of  the 
Wamesit  Chemical  Co.,  Lowell,  Mass. 


Construction  work  is  to  be  started  immediately  upon  a  dis- 
tillery at  Anaheim,  Cal.,  to  be  built  by  the  Anaheim  Sugar 
Company  for  the  utilization  of  molasses  in  the  manufacture  of 
alcohol.  The  latest  improved  Barbet  system  is  to  be  installed, 
and  the  distillery  is  planned  to  have  a  capacity  of  25  tons  of 
molasses  in  24  hrs.  The  output  of  the  company  will  be  sufficient 
to  keep  the  distillery  in  operation  during  the  entire  year. 

The  majority  stockholders  of  the  Redmanol  Chemical  Prod- 
ucts Co.,  of  Chicago,  have  purchased  a  majority  interest  in  the 
Condensite  Company  of  America,  Bloomfield,  N.J. 

A  new  plant  is  now  being  erected  near  Marshall,  Tex.,  for  the 
production  of  Darco,  which  is  a  new  refining,  purifying,  deodoriz- 
ing and  decolorizing  carbon.  In  designing  the  plant  particular 
attention  was  paid  to  the  efficient  handling  of  materials,  and  from 
raw  material  to  finished  product  the  material  will  be  handled  by 
mechanical  conveyors  of  the  most  modern  design  and  in  many 
instances  specially  designed  for  the  purpose.  It  is  expected  that 
the  plant  will  be  in  operation  in  the  early  spring  of  1922.  As 
an  aid  to  manufacturers  in  the  solution  of  their  decolorizing  and 
refining  problems  The  Darco  Corporation,  which  is  controlled 
by  the  Atlas  Powder  Company,  has  recently  completed  a  new 
research   laboratory   at  its  headquarters   in  Wilmington,    Del. 

The  Industrial  Chemical  Laboratories,  affiliated  with  the  Oak- 
land Copper  &  Brass  Works,  have  been  established  in  Oakland, 
Cal.,  under  the  direction  of  Dr.  Theodore  W.  Doell,  who  was 
formerly  connected  with  the  du  Fonts  and  other  eastern  interests. 
The  laboratories  will  be  devoted  to  consulting,  research,  and 
analytical  work,  and  will  fill  an  urgent  demand  for  an  institution 
of  that  character,  particularly  in  the  canning  and  packing  field. 

The  U.  S.  Circuit  Court  of  Appeals,  Second  Circuit,  N.  Y., 
tendered  an  opinion  on  February  14.  1922,  affirming  a  decision 
previously  handed  down  by  the  Federal  Court  at  Buffalo,  N.  Y., 
sustaining  a  patent  owned  by  The  Permutit  Company  covering 
zeoUte  water  softeners.  According  to  this  decision  all  zeolite 
water  softeners  on  the  market  not  manufactured  by  this  company 
are  an  infringement  of  this  patent. 

Messrs.  J.  T.  Donald  &  Co.,  Ltd.,  chemical  engineers  and  con- 
sulting chemists  of  Montreal,  have  removed  to  new  and  larger 
premises  which  they  have  purchased  and  specially  equipped  for 
their  laboratory  and   consulting   work. 

The  United  States  Cast  Iron  Pipe  and  Foundrv  Company  has 
opened  a  new  office  at  the  Interstate  Building,  Kansas  City,  Mo. 

The  Weller  Manufacturing  Co.,  Chicago,  111.,  has  perfected  a 
portable  reciprocating  feeder  to  take  care  of  materials  received 
in  hopper  bottom  cars.  This  feeder  eliminates  the  digging  of  pits 
and  cars  can  be  unloaded  at  a  point  most  convenient  to  where  the 
materials  are  required.  The  machine  operates  above  the  track, 
is  mounted  on  roller  bearings,  and  can  be  easily  slipped  under 
the  car.  It  will  handle  sand,  stone,  gravel,  coal,  ore,  etc.,  and 
requires  only  one  man  for  its  operation. 

A  patent  covering  an  apparatus  for  the  recovery  of  gasoline 
vapors  from  natural  gas,  casinghead  gas,  refinery  and  tank  farm 
vapors,  has  just  been  granted  to  the  Gasoline  Recovery  Corpora- 
tion, as  assignee  of  G.  A.  Burrell,  G.  G.  Oberfell,  and  C.  L.  Voress. 
The  apparatus  consists  of  drums,  filled  with  activated  charcoal 
and  connected  on  one  side  to  a  steam  boiler  and  on  the  other  to 
gasoline  condensers.  In  commercial  operation  the  gasoline- 
bearing  gas  is  allowed  to  flow  through  one  of  the  drums  of  charcoal 
where  the  gasoline  is  absorbed  and  retained,  the  balance  of  the 
gas  passing  through  unchanged.  Steam  at  low  pressure  is  later 
used  to  drive  the  gasoline  from  the  charcoal.  Three  commercial 
plants  have  already  bee^i  built. 

The  Bureau  of  Foreign  and  Domestic  Commerce,  in  cooper- 
ation with  the  Bureau  of  Mines,  has  just  completed  arrangements 
to  produce  in  this  country  motion  picture  films  showing  methods 
of  production  and  employment  of  American  machinery  aud 
similar  products.  The  actual  cost  of  the  photography,  as  well 
as  the  expenses  incurred  in  the  making  of  additional  prints  of 
the  films,  is  borne  by  the  cooperating  company.  After  the 
picture  has  been  completed  and  approved,  tlie  work  of  distribut- 
ing the  films,  both  in  this  country  and  abroad,  is  taken  care  of 
by  the  Bureau  of  Foreign  and  Domestic  Conunerce  without  any 
further  expense  to  the  cooperating  comjiany.  It  is  po.ssiblc  to 
give  a  very  close  estimate  as  to  the  cost  of  producing  such  a  lihn, 
and  arrangements  can  be  made  for  the  government  engineer  to 
visit  the  plant  for  this  purpose. 
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Cane  Sugar.  By  NoitL  Deers.  2nd  revised  and  enlarged 
edition,  viii  +  644  pp.  Norman  Rodger,  2  St.  Dunstan's 
Hill,  London,  E.  C.  3,  England,  1921.     Price  42s.  net. 

In  the  reviewer's  opinion  this  is  in  many  respects  a  very  re- 
markable book,  one  of  the  best  of  the  type  of  which  we  have  too 
few  examples,  combining  scholarship,  technical  knowledge,  and 
readability  to  an  unusual  degree.  It  is  so  great  an  improvement 
over  the  already  excellent  first  edition  and  contains  so  much  new 
material  that  it  should  be  in  the  hands  of  all  men  interested  in 
sugar  technology.  The  section  dealing  with  the  origin  and 
development  of  the  sugar  cane  shows  an  enormous  amount  of 
patient  research.  The  rather  vague  statements  found  in 
existing  literature  and  the  difficulty  of  sifting  out  the  truth  from 
a  mass  of  hearsay  evidence  made  the  task  hard,  but  it  has  been 
admirably  accomplished.  In  the  sections  on  agricultural  and 
on  mechanical  engineering,  both  the  methods  and  the  machinery 
described  conform  thoroughly  to  present-day  standards.  This 
also  may  be  said  of  the  section  on  chemical  engineering  and  sugar- 
house  practice  wherein  both  the  chemical  and  the  engineering 
features  are  properly  blended,  making  the  treatment  exceedingly 
clear  and  easily  understood  both  by  chemists  and  engineers. 
The  strictly  chemical  side  of  the  book  is,  in  the  main,  analytical, 
and  has  been  brought  thoroughly  up-to-date.  The  final  chapter 
on  fermentation,  although  brief,  is  satisfactory. 

Among  the  noteworthy  features  of  the  book  are  the  historical 
developments  given  of  the  various  machines  and  the  careful 
treatment  from  the  mathematical  side  of  what  is  known  as  chem- 
ical control.  This  latter  is  too  often  done  in  a  rule-of-thumb 
fashion.  Deerr's  logical  and  sound  methods  should  be  studied 
by  all  chemists  interested  in  sugarhouse  practice. 

The  book,  of  course,  in  no  wise  replaces  some  of  the  standard 
books  in  sugar  literature  such  as  Browne,  Spensor,  and  Prinson- 
Geerligs.  It  gives  few  analytical  tables,  and  the  description 
and  criticism  of  methods  are  meant  for  the  chemist  rather  than 
for  the  beginner,  and  for  the  engineer  rather  than  for  themechanic. 
Sometimes,  perhaps,  this  tendency  is  carried  too  far.  Under 
the  head  of  polariscopes,  for  instance,  Deerr  discusses  only  prin- 
ciples and  deliberately  leaves  out  specific  instances.  In  the 
writer's  judgment  the  description  of  principles  here  is  too  brief 
for  the  average  chemist  to  make  much  use  of  and  the  section  could 
have  been  improved  by  the  description  of  a  modern  polariscope. 
This  is  a  matter  of  opinion,  and  Deerr  has  deliberately  left  this 
field  to  such  books  as  those  of  Browne  and  of  Landolt. 

These  points,  however,  are  of  minor  consequence.  The  book 
as  it  stands  meets  admirably  a  pressing  demand,  is  well  printed 
on  good  paper,  and  is  a  valuable  contribution  to  chemical  tech- 
nology. 

C.     E.     COATES 


Bleaching.  By  S.  H.  Hicgins,  M.Sc!,  Head  of  Research 
Department,  Bleachers'  Association,  Ltd.  Economic  Series, 
No.  XVI.  Publications  of  the  University  of  Manchester. 
vii  -f  137  pp.  Longmans,  Green  &  Co.,  New  York; 
University  Press,  12  Lime  Grove,  Manchester,  England,  1921. 
Price,  $3.75. 

We  have  known  S.  H.  Higgins  for  many  years  as  a  writer  on 
bleaching  and  allied  textile  subjects,  and  consequently  welcome 
this  latest  publication.  As  stated  in  the  preface,  "The  idea  of 
this  volume  is  not  to  give  an  account  of  the  subject  of  bleaching, 
but  to  act  more  as  a  supplement  to  other  published  works,  dealing 
with  this  branch  of  chemical  industry.     It  is  not  meant  for  those 


who  have  no  other  books  on  bleaching.  The  principal  intention 
of  the  author  has  been  to  discuss  the  important  researches  which 
have  been  published  during  the  period  1908-20,  bearing  on  the 
bleaching  industry,  and  to  present  a  record  of  work  as  a  basis 
for  the  extension  of  research  in  the  industry." 

The  book  is  divided  into  sixteen  chapters  in  which  the  subject 
is  subdivided  and  arranged  in  logical  sequence.  After  the  in- 
troduction follows  a  chapter  on  the  constituents  of  vegetable 
fibers,  which  includes  the  waxes,  proteins,  mineral,  pectic,  and 
coloring  matters  which  are  incorporated  with  the  cellulose.  The 
formation  and  characteristics  of  these  constituents  during  the 
growth  and  maturity  of  the  fiber  are  discussed  as  far  as  our  present 
knowledge  permits. 

In  the  several  chapters  which  follow,  on  the  elimination  or 
separation  of  the  noncellulose  constituents  from  the  parent  fiber, 
many  valuable  data  and  many  abstracts  are  given  which  embody 
the  underlying  principles  of  scouring  and  bleaching  upon  which 
our  modern  practice  is  based.  In  the  chapters  on  the  reactions 
of  cellulose  with  water,  acids,  alkalies,  and  oxidizing  agents,  the 
discussion  develops  the  conditions  under  which  these  agents  are 
safely  employed,  as  well  as  the  conditions  under  which  costly 
faults  and  destruction  of  the  fiber  result.  Several  chapters 
on  fermentation,  bleaching  processes,  faults,  etc.,  complete  the 
scope  of  the  book. 

We  consider  the  book  a  valuable  addition  to  the  present 
literature  relative  to  the  subject  of  bleaching.  The  bleacher's 
chemist  will  find  in  it  many  facts  which  confirm  his  experience 
and  many  others  which  are  full  of  suggestions  for  improvements 
in  present  methods. 

Fred  H.  Webster 

Technology  of  Cellulose  Esters.  By  Edwarb  Chauncey 
WoRDEN,  Ph.C,  B.S.,  M.A.,  F.C.S.  Volume  I,  in  5  parts. 
Part  1— cxxv  +  G64  pp. ;  Part  2— cxvii  +  902  pp. ;  Part  3— 
cxvii  -f  810  pp.;  Part  4— cxvii  -|-  710  pp.;  Part  5—623  pp.; 
296  illustrations.  D.  Van  Nostrand  Co.,  New  York,  1921. 
Price,    S40.00. 

"The  aim  of  this  work  is  to  present  the  entire  subject  of  the 
combinations  of  normal  and  modified  cellulose  with  the  acidyl 
and  alkyl  radicals  in  such  completeness,  clarity,  accuracy  and 
detail,  that  inability  to  locate  the  information  desired  in  the 
collective  indices  will  be  trustworthy  evidence  that  the  matter 
sought  was  either  ephemeral,  irrelevant,  inaccurate,  nonexistent, 
or  valueless." 

The  above  excerpt  from  the  preface  of  Volume  I  here  under 
review  is  explanatory  of  the  scope  of  the  contemplated  ten  vol- 
umes, of  which  Volume  VIII  on  the  "Carbohydrate  Carboxyl- 
ates"  (cellulose  acetate)  was  published  in  1916. 

The  general  schematic  arrangement  of  Volume  I  is  excellent, 
but  the  subtopics  are  not  always  so  well  arranged.  Many 
grammatical  errors  are  apparent,  and  in  several  places  for  many 
consecutive  pages,  the  manifold  references  obliterate  all  but  a 
single  line  of  the  text. 

Considerable  matter  seems  irrelevant,  but  since  the  author 
recognizes  that  such  may  appear  to  be  the  case  and  expressly  re- 
quests that  criticism  on  this  score  be  withheld  until  the  entire 
work  is  completed,  it  is  quite  proper  to  accede  to  this  request. 

An  excellent  feature  worthy  of  mention  is  each  individual 
part  (exclusive  of  the  index)  of  the  complete  table  of  contents 
of  the  entire  volume. 

While  Volume  I,  consisting  of  five  books,  is  more  or  less  com- 
prehensive in  itself,  it  is  in  a  sense  introductory  to  the  nine 
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volumes  which  are  to  follow  (Volume  VIII  already  issued)  and 
which  are  to  deal  in  more  elaborate  detail  with  the  industrial 
applications  of  cellulose  compounds  and  esters. 

Of  Volume  I,  Part  1  covers  in  four  chapters  the  subjects  of 
cellulose,  starch,  cotton,  and  the  preparation  of  cotton  for  es- 
terification.  There  is  much  theoretical  and  much  practical 
information  on  these  topics,  with  ample  bibliography  to  satisfy 
the  most  inquisitive. 

Part  2  deals  in  four  chapters  with  nitric  acid,  sulfuric  acid, 
mixed  acids,  and  acid  tables.  It  goes  exhaustively  into  the  raw 
materials,  manufacture,  properties,  analyses,  handling,  etc.,  of 
these  nitrating  acids,  brings  the  data  fairly  well  up  to  date,  and 
by  itself  is  a  useful  book,  although  naturally  of  more  value  to 
the  cellulose  nitrate  producer. 

Part  3  covers  in  three  chapters  nitrocellulose  theory,  nitration 
of  cellulose,  and  analytical  determination  of  the  cellulose  ni- 
trates. The  first  chapter  is  much  more  inclusive  than  its  title 
indicates,  for  it  outlines  the  history  of  cellulose  nitrate,  imparts 
some  information  on  various  nitrated  carbohydrates  and  resins, 
and  gives  in  considerable  detail  the  layout  and  construction  of  a 
modern  guncotton  plant.  This  last  perhaps  might  more  ap- 
propriately have  been  included  in  the  chapter  on  the  nitration  of 
cellulose,  in  which  chapter  we  are  pleased  to  note  the  author  de- 
parts at  times  from  the  bibliographic  style  and  imparts  some  of 
the  useful  technical  information  apparently  acquired  from  his 
extended  experience  in  the  cellulose  ester  field.  The  last 
chapter  on  analysis  and  specifications  is  comprehensive. 

Part  4,  on  the  historical  development  of  the  cellulose  esters, 
discusses  solvents,  camphor  and  its  substitutes,  and  the  various 
industrial  applications  of  cellulose  esters  with  some  amplification 
along  pertinent  and  correlated  subjects.  It  is  in  reality  an  elab- 
orated synopsis  of  what  is  to  follow  in  more  detail  in  the  suc- 
ceeding volumes. 

Part  5  is  the  index  to  the  other  four  books.  It  includes  a  com- 
plete index  of  patents,  as  well  as  an  index  to  subjects  and  an  in- 
dex to  authors.  The  fact  that  it  comprises  623  pages  speaks  for 
itself  as  to  its  thoroughness  and  painstaking  and  arduous  prepa- 
ration. 

When  we  consider  that  the  field  of  cellulose  chemistry  has  prob- 
ably been  only  scratched,  that  no  one  has  really  collected  hereto- 
fore, in  a  work  of  any  magnitude,  the  large  mass  of  detached  data 
which  have  been  published  on  the  subject  in  its  present  state  of 
development,  the  value  of  Dr.  Worden's  contribution  easily  be- 
comes apparent.  The  task  he  has  set  for  himself  is  a  life  work. 
Few  would  have  courage  to  undertake  it. 

H.   S.   MORK 

Elementary  Chemical  Microscopy.  By  Emile  M.  Chamot, 
Professor  of  Chemical  Microscopy  and  Sanitary  Chemistry, 
Cornell  University,  xv  +  479  pp.  2nd  edition.  John 
Wiley  &  Sons,  Inc.,  New  York,  1921.     Price,  $4.25. 

The  first  edition  of  this  work  was  published  in  1915.  While 
intended  primarily  as  a  textbook,  it  collected  in  one  place  data 
on  microscope  apparatus,  optical-crystallographic  methods,  and 
characteristic  reactions  of  the  common  elements  in  such  a  useful 
form  that  no  reference  library  directed  toward  solving  chemical 
problems  could  be  considered  complete  without  it. 

The  preface  to  the  second  edition  points  out  the  increased 
recognition  of  the  usefulness  of  the  microscope  in  the  chemical 
laboratory,  brought  about  especially  by  the  scientific  activities 
connected  with  the  prosecution  of  the  recent  war.  Since,  how- 
ever, the  progress  has  been  not  so  much  in  the  development  of 
new  methods  as  of  new  applications  of  old  ones,  the  plan  of  the 
first  edition  has  been  retained.  Illustrations  of  crystals  obtained 
in  the  various  tests,  and  other  data  appropriate  to  a  reference 
manual,  are  accordingly  still  omitted,  although  the  welcome 
news  is  given  that  the  author  has  a  handbook  in  preparation 
in  which   such  matter   will  be  included.     The  second  edition 


differs  from  the  first  in  some  rearrangement  of  chapters  and 
rewriting  of  paragraphs,  with  the  addition  of  a  few  data  on  new 
apparatus  and  procedures. 

The  book  contains  much  useful  information  as  to  microscopes, 
accessories,  and  laboratory  equipment.  Methods  of  measure- 
ment under  the  microscope  are  described  in  detail,  with  special 
reference  to  practical  applications.  Quantitative  analysis  by 
the  microscope  is  shown  to  be  possible  in  various  fields.  The 
value  of  refractive  index  data  for  identification  of  substances  is 
well  emphasized.  Lists  of  immersion  liquids  are  given;  although 
the  usefulness  of  oils  of  the  type  of  "liquid  petrolatum"  in  making 
them  up  is  not  mentioned.  The  lists  of  indices  of  crystalline 
compounds  also  seem  susceptible  to  improvement.  More  than 
a  third  of  the  book  is  given  over  to  the  methods  of  microchemistry 
in  the  usual  sense — operations  with  minute  quantities  of  mate- 
rials and  qualitative  analysis  by  obtaining  characteristic  crys- 
talline compounds. 

It  would  appear  that  no  wide-awake  chemist  could  afford  to 
be  without  access  to  Chamot's  "Chemical  Microscopy." 

Edgar  T.  Wherry 


Laboratories:  Their  Planning  and  Fittings.  By  Alan  E. 
MuNBY.  M.A.,  F.R.I.  220  pp.  165  figures.  8vo.  D.  Van 
Nostrand  Co.,  New  York,   1921.     Price,  $6.00. 

The  author  has  added  a  well  worth  while  volume  to  this  too 
little  discussed  subject.  While  the  requirements  of  chemistry, 
physics,  biology,  and  geology  are  all  considered,  the  major  part 
is  concerned  primarily  with  the  needs  of  chemical  laboratories 
devoted  to  teaching.  No  attention  is  given  to  the  peculiar  needs 
of  industrial  chemical  or  other  laboratories. 

One  welcomes  with  much  interest  the  numerous  floor  plans 
of  laboratory  buildings,  floor  plans  of  19  English  and  8  foreign 
laboratories  being  figured. 

Because  Mr.  Munby  is  English,  the  book  necessarily  is  largely 
a  description  of  British  school  and  university  laboratories.  The 
author  apparently  has  not  had  available  for  close  study  the  new 
extensive  and  modern  laboratories  built  in  Holland,  Gern.any, 
and  America.  To  one  familiar  with  the  advances  in  laboratory 
construction  in  America,  it  comes  as  a  shock  to  have  advocated 
the  putting  of  the  hoods  ("fume  cupboards")  in  the  windows, 
benches  instead  of  tablet  arm  chairs  in  class  and  lecture  rooms, 
and  waste  pipes  in  troughs  in  the  floor,  but  in  spite  of  these  and 
a  few  other  similar  statements  the  reviewer  wishes  to  express  his 
appreciation  of  the  sane,  clear,  and  valuable  discussions  of  many 
problems  of  laboratory  design  and  equipment  and  to  urge  all 
those  having  the  planning  of  laboratories  to  read  the  volume 
with   care. 

Ralph   H.   McKee 


Bleaching  and  Related  Processes.  By  J.  Merritt  Matthews. 
Ph.D.  676  pp.  300  illustrations.  The  Chemical  Catalog 
Co.,  Inc.,  New  York,  1921.     Price  $8.00  net. 

Because  of  his  extensive  experience  as  a  textile  chemist,  and 
particularly  because  he  has  specialized  to  a  considerable  extent 
as  regards  cotton  bleaching,  the  author  is  especially  well  equipped 
to  write  an  authoritative  book  upon  this  sulijcct.  Combining 
his  own  first-hand  knowledge  of  the  subject  with  the  most  re- 
liable information  and  data  to  be  obtained  from  the  general  lit- 
erature, he  has  succeeded  in  bringing  together  in  one  volume  the 
most  comprehensive  and  exhaustive  treatise  upon  this  branch  of 
textile  chemistry  that  has  thus  far  appeared  in  English  if  not  in 
any  other  language. 

The  arrangement  of  tlie  text  is  such  that  one  may  find  a  con- 
tinuous and  complete  discussion  of  the  prelhuinary  treatment 
and  bleaching  of  the  common  textile  fibers.     As  would  naturally 


346 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  4 


be  expected  from  the  relative  importance  of  cotton  bleaching, 
by  far  the  larger  portion  of  the  book  is  devoted  to  this  fiber. 
The  last  one  hundred  pages  are  devoted  to  the  testing  of  the 
various  chemicals  and  materials  used  in  the  processes  described 
and  will  prove  a  valuable  reference  guide  to  chemists  engaged 
in  bleaching,    scouring,   and   finishing   plants. 

The  subject  matter  is  excellently  illustrated,  and  while  the 
writer  specifically  states  in  the  preface  that  he  has  purposely 
omitted  the  dry  details  of  mechanical  description  in  regard  to 
these  illustrations,  there  are  instances  where  a  little  more  detail 
would  have  undoubtedly  been  of  interest  to  seriously  minded 
readers  and  students. 

At  the  end  there  will  be  found  an  excellent  bibliography  and  a 
comprehensive  index. 

The  volume  should  form  a  valuable  addition  to  the  working 
library  of  every  textile  chemist  and  bleacher. 

Louis  A.   Olney 


Metallurgy  of  Zinc  and  Cadmium.  By  H.  O.  Hoffman.  341 
pp.  McGraw-HiU  Book  Co.,  Inc.,  New  York,  1922.  Price, 
$4.00. 

Professor  Hoffman's  famous  books  on  the  metallurgy  of  lead, 
copper,  and  general  metallurgy  naturally  pave  the  way  for  the 
keenest  interest  in  his  latest  treatise,  and  the  very  great  need 
of  the  zinc  industry  for  an  up-to-date  treatise  could  not  have  been 
fiUed  better  than  by  this  illustrious  author. 

The  first  few  chapters  of  the  book  are  given  over  to  the  phys- 
ical and  chemical  properties  of  zinc;  as  a  metal  in  commerce, 
including  its  impurities  and  their  effects;  as  used  industrially 
for  alloys  and  protective  coatings;  as  zinc  compounds  and  their 
industrial  use.  The  very  thorough  manner  in  which  Professor 
Hoffman  has  described  the  properties  of  zinc,  supplemented  by  a 
complete  reference  to  original  articles,  will  make  this  section  of 
his  book  a  most  valuable  reference  to  that  host  of  chemists  and 
metallurgists  who  each  generation  attempt  to  find  new  methods 
of  smelting  and  refining  zinc. 

The  next  several  chapters,  preceded  by  a  short  description 
of  the  character  of  ores,  describe  in  Professor  Hoffman's  well- 
known  detailed  style  the  metallurgical  processes  and  equipment 
used  for  the  smelting  of  zinc  ores.  The  basic  chemical  reactions 
involved  in  calcining,  roasting,  distillation,  and  refining  are  ex- 
plained so  clearly  that  the  works  manager  or  superintendent  will 
find  reference  to  this  book  a  scientific  explanation  and  guidance 
to  the  solution  of  those  numerous  perplexing  plant  problems  so 
frequently  confronting  him.  Likewise  in  the  description  am- 
plified by  numerous  drawings  and  photographs,  of  construction 
and  operation  of  the  metallurgical  equipment,  the  same  thorough 
attention  to  basic  principles  has  been  given,  including  in  suffi- 
cient detail  the  furnaces  and  processes  of  former  years  both  in 
the  United  States  and  Europe,  as  to  trace  the  evolution  of 
improvement  to  present-day  equipment  and  practice,  and  give 
the  reader  a  thorough  understanding  of  the  operations. 

The  short  description  and  references  to  apparatus  and  pro- 
cesses, e.  g.,  blast  furnace  and  electric  furnace  smelting,  which 
have  been  tried  and  so  far  prove  a  failure  commercially,  add 
materially  to  an  understanding  of  zinc  metallurgy. 

A  very  complete  chapter  occupying  some  fifty  pages  is  given 
to  description  of  the  new  process  of  electrolytic  recovery  of  zinc 
from  ores  which  has  developed  from  imperfect  laboratory  ex- 
periments to  a  vast  commercial  industry  in  the  past  ten  years. 

The  basic  principles  of  electrolysis  of  zinc  solution,  together 
with  the  special  features  of  roasting  and  purifying  the  leach 
liquor  preparatory  to  electrolysis,  are  given  in  detail.  Numerous 
drawings,  photographs,  and  flow  sheets  make  clear  the  commer- 
cial operations  at  Great  Falls,  Montana,  and  other  plants. 

A   short  chapter  on   zinc    oxide    covers   the    more   essential 


points  of  its  manufacture  and  marks  the  progress  of  development 
in  this  branch  of  the  industry.  The  short  period  since  this 
branch  has  expanded  has  not  permitted  details  of  processes  and 
practice  to  become  generally  available  for  the  author's  use. 
The  section  on  cadmium  is  complete  in  its  description  of  the 
properties,  uses,  and  recovery  of  cadmium  as  commercially 
known. 

The  generous  references  to  other  authors'  publications  giving 
further  detailed  description  of  scientific  investigations,  plant 
operations,  and  commercial  aspects  of  the  zinc  industry  are  a 
further  valuable  part  of  this  book.  It  is  unfortunate  for  many  of 
those  engaged  in  the  zinc  industry  that  they  could  not  have  the 
benefit  of  Professor  Hoffman's  precise  description  of  the  basic 
principles  and  processes  of  manufacture  of  sulfuric  acid  and 
producer  gas  which  are  a  part  of  many  zinc  smelting  works; 
but  as  a  treatise  on  strictly  the  metallurgy  of  zinc  and  cadmium, 
all  those  interested  in  zinc  will  find  this  book  profitable  to  read 
■for  a  clear  and  better  understanding  of  zinc  industry  and  a  val- 
uable reference  for  accurate  information  on  zinc  metals  and 
compounds. 

L.  E.  Wemple 


Elements  of  Fractional  Distillation.  By  Clark  Shove  Rob- 
inson. 205  pp.  McGraw-Hill  Book  Co.,  Inc.,  New  York, 
1922.  Price,  $2.50. 

The  author  states  in  this  book  that  the  principles  of  fractional 
distillation  are  explained  according  to  the  ideas  of  physical  chem- 
istry and  chemical  engineering.  The  book  is  divided  into  five 
parts.  The  first  part  deals  with  fractional  distillation  from  the 
standpoint  of  the  phase  rule.  The  second  part  discusses  some 
of  the  quantitative  aspects  from  the  standpoint  of  the  chemical 
engineer.  Part  three  discusses  the  factors  involved  in  the  de- 
sign of  distilling  equipment.  Part  four  gives  a  few  examples  of 
modern  apparatus,  while  the  last  portion  includes  a  number  of 
useful  reference  tables. 

As  a  person  reads  the  book,  he  is  struck  by  the  fact  that  here 
is  a  very  able  and  new  presentation  of  a  subject  which  is  vital 
to  many  industries  to-day.  There  is  no  other  book,  at  least  in  the 
English  language,  which  covers  the  subject  in  such  a  thorough 
manner.  The  principles  involved  in  fractional  distillation,  and  all 
the  various  rules,  laws,  and  equations  are  mathematically  ex- 
plained and  practically  illustrated.  The  various  chapters  treat 
of  the  phase  rule,  one  component  systems,  two  component  sys- 
tems, more  complex  systems,  the  gas  laws,  solutions,  concentrated 
solutions,  simple  distillation,  fractionation,  rate  of  fractionation, 
discontinuous  distillation,  design  of  a  discontinuous  still,  the 
fractionating  column,  the  condenser,  accessories,  continuous 
distillation,  ammonia,  benzolized  wash  oil,  methanol,  ethyl  al- 
cohol, and  an  appendix  of  tables. 

It  wiU  be  observed  that  one  is  led  from  theory  to  practice  and, 
in  the  latter  presentation,  the  author  has  drawn  upon  his  former 
experience  with  the  E.  B.  Badger  &  Sons  Company  for  practical 
data.  Some  published  and  unpublished  data  of  W.  K.  Lewis  and 
experimental  work  of  the  Massachusetts  Institute  of  Technology 
are  also  presented. 

The  theoretical  side  of  fractional  distillation  is  well  presented, 
and  the  laws  applied  to  distillation  problems  in  a  few  industries 
where  distillation  is  on  a  fairly  sound  basis.  The  author  states 
that  another  book  will  follow  dealing  with  the  general  practice 
of  fractional  distillation  and  its  application  to  the  several  indus- 
tries. It  is  to  be  hoped  that  one  of  the  industries  to  be  treated 
will  be  the  petroleum  industry. 

The  author  writes  lucidly,  and  happily,  not  only  from  theo- 
retical knowledge,  but  apparently  also  from  a  considerable  prac- 
tical knowledge  of  his  subject. 

G.  A.  BURRELL 
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Notice — Commerce  Reports  are  received  by  all  large  libraries  and  may  be 
consulted  there,  or  single  numbers  can  be  secured  by  application  to  the  Bureau 
^f  Foreign  and  Domestic  Commerce,  Department  of  Commerce,  Washington, 
D.  C.  The  regular  subscription  rate  for  these  Commerce  Reports  mailed 
weekly  is  $3.00  per  year  {10  cents  per  single  copy),  payable  in  advance  to  the 
Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  C. 


February 

A  very  comprehensive  report  on  the  Argentine  petroleum 
industry  which  has  been  compiled  by  the  United  States  Embassy 
in  cooperation  with  the  commercial  attach^  at  Buenos  Aires 
may  be  consulted  in  the  Bureau  of  Foreign  and  Domestic  Com- 
merce.    (P.  323) 

The  potash  situation  in  Poland  is  reviewed.     (P.  341) 

A  new  high  explosive  called  brazilite  is  reported  to  have  been 
discovered  in  Brazil.  In  experiments  this  explosive  resisted  with- 
out deflagration  all  mechanical  and  chemical  tests,  and  it  is 
•claimed  that  the  explosive  does  not  give  off  gas  prejudicial  to  the 
operator  and  is  said  to  be  of  extra  good  quality.     (P.    346) 

An  inspection  of  bleached  wood  pulp  in  the  State  timber  yards 
of  New  South  Wales,  Australia,  reveals  the  likelihood  of  a  gener- 
ous supply  of  newsprint  for  Australia  from  home  sources.  This 
pulp  is  made  from  mountain  gum  which  had  hitherto  been  con- 
sidered of  small  commercial  value.  (P.  348) 

A  report  from  the  Vice  Consul  at  Singapore  is  to  the  effect  that 
a  new  use  for  rubber  latex  in  the  manufacture  of  paper  seems  to 
have  been  discovered.  It  is  claimed  for  the  new  discovery  that 
it  will  not  only  reduce  the  cost  of  paper  manufacturing  materially 
and  simplify  paper-making  methods,  but  that  it  will  greatly 
improve  the  quality  of  the  product.     (Pp.  376-7) 

It  is  reported  that  the  Forestal  Land,  Timber,  and  Railway 
Company  has  secured  control,  by  purchase,  of  the  majority  of 
the  shares  of  the  widely  known  Rhenische  Dye  Extract  and 
Tanning  Company  of  Benrath.  The  Boersen  Zeitung  in  com- 
menting upon  this  transaction  states  that  England  having  thus 
invested  capital  in  the  tanning  trade  must  necessarily  appear  as 
a  great  danger  to  the  German  leather  industries.      (Pp.  380-1) 

The  use  of  alcohol  as  fuel  by  an  American  machine  in  the  recent 
tractor  demonstration  at  Santa  Cruz  has  aroused  much  interest 
in  Brazil  and  the  test  is  reported  to  have  been  very  successful. 
(Pp.  382-3) 

The  most  promising  petroleum  field  so  far  discovered  in  the 
Province  of  Antofagasta,  Chile,  is  that  in  the  pass  of  Siglia,  near 
the  Argentine  frontier,  but  it  remains  to  be  seen  whether  the 
petroleum   will   be  found  in  paying  quantities.     (P.  384) 

In  the  following  British  dominions  and  possessions,  as  well 
as  in  the  United  Kingdom  proper,  a  license  for  importation  of 
all  synthetic  organic  dyestuffs,  colors  and  coloring  matters, 
and  all  organic  intermediate  products  used  in  the  manufacture 
of  such  dyestuffs,  colors  or  coloring  matters,  is  still  required  to 
be  secured  by  the  importer:  Australia,  Northern  and  Southern 
Rhodesia,  Cyprus,  Malta,  State  of  Kedah  (Federated  Malay 
State),  British  Honduras,  and  Gold  Coast.  It  is  claimed  that 
in  Southern  Rhodesia,  at  least,  licenses  will  be  granted  only  for 
such  dyes  and  dyestuffs  as  cannot  be  supplied  by  the  United 
Kingdom    or    British    possessions.     (P.    396) 

By  the  Presidential  decree  of  December  14,  1921,  the  legal 
time  periods  for  the  protection  of  industrial  inventions  and  trade- 
marks, which  were  declared  extended  from  August  1,  1914, 
to  a  date  to  be  fixed  after  the  termination  of  the  European 
War,  have  been  definitely  extended  by  Brazil  to  September  30, 
1922. 

The  copra  market  at  Sydney,  Australia,  for  the  past  35  yrs. 
is  reviewed.     (Pp.  402-3) 

Comparative  statistics  in  regard  to  Japanese  imports  of 
German  dyestuffs,  indicating  a  nuich  increased  trade  since  Jan- 
uary 1921,  are  obtainable  by  application  to  the  Bureau  of  Foreign 
and  Domestic  Commerce  for  Bulletin  FE  260.     (P.  412) 

A  preparation  named  Eulan  F,  wliich  is  claimed  to  make  wool 
moth-proof,  has  been  produced  by  a  German  company.  It  is 
an  odorless  powder  slightly  soluble  in  water.     (P.  464) 


It  is  officially  announced  that  the  monopoly  by  the  government 
of  Switzerland  on  benzine  and  "petrole"  ended  March  1,  1922. 
Alcohol,  chestnut  extract  for  tanning,  and  gasoline,  kerosene, 
and  petroleum  products  (except  benzine  and  "petrole")  and 
substitutes  are  still  under  government  monopoly.     (P.  475) 

The  production  and  use  of  fluorspar  in  Japan  is  described. 
(Pp.  506-7) 

British  imports  of  refined  petroleum  oils  recorded,  in  the  aggre- 
gate, an  increase  in  volume  in  1921  but  a  fall  in  value.  In  spite 
of  this  decline  in  prices,  however,  the  1921  prices  are  still  greatly 
in  excess  of  those  of  1913.     (P.  512) 

The  gross  output  of  the  Baku  oil  fields  during  the  last  quarter 
of  1921  continued  on  the  increase  and  the  general  conditions 
manifested  a  certain  tendency  toward  stabilization.  The  total 
output  for  the  year  1921  was  2,519,290  long  tons,  of  which  668,- 
760  tons  were  produced  in  the  last  quarter,  as  compared  with  622,- 
900  tons  in  the  first  quarter,  659,100  tons  in  the  second  quarter, 
and   568,530   tons   in   the   third   quarter.     (P.   513) 

The  French  Ministry  of  Commerce  and  Industry  has  published 
a  notice  that  the  government  kerosene  stocks  are  entirely  liqui- 
dated and  that  consequently  the  provisions  of  the  law  which  re- 
quired importers  to  purchase  certain  percentages  of  their  re- 
quirements from  the  government  cease  to  be  in  force.     (P.  514) 

The  annual  report  of  the  Minister  of  Finance  of  Bolivia  to  the 
National  Congress  for  the  year  just  passed  contains  some  very 
interesting  statements  regarding  petroleum,  in  which  he  details 
the  concessions  granted  and  those  that  have  been  declared  void, 
giving   the   names   of   some   of   the   concessionaires.     (P.    514) 

A  translation  of  the  new  Peruvian  petroleum  law,  which  was 
signed  on  January  2,  1922,  is  on  file  in  the  Bureau  of  Foreign 
and  Domestic  Commerce.     (P.  514) 

The  varied  uses  of  china  clay    are  described.     (Pp.  521-2) 

A  decline  of  55  per  cent  in  quantity  and  56  per  cent  in  value 
from  the  previous  year's  figures  marked  the  1921  imports  of 
china  clay  into  the  United  States.     (P.  522) 

The  Belgian  Minister  of  Finance  has  entered  chemical  products, 
articles  not  specified,  including  dinitrotoluene,  on  the  duty-free 
list.     (P.    531) 

The  fertilizers  produced,  imported,  and  used  in  Sweden  are 
described.     (P.   537) 

A  translation  of  the  provisional  mining  laws  of  Persia,  adopted 
October  2,  1917,  by  the  Council  of  Ministers,  is  on  file  in  the 
Bureau  of  Foreign  and  Domestic  Commerce.     (P.  538) 

A  newly  discovered  metalliferous  substance,  possessing  un- 
usually strong  solvent  properties,  is  being  prepared  for  com- 
mercial use  in  New  South  Wales  and  gives  promise  of  the  de- 
velopment of  extensive  new  industries.  It  is  a  very  potent 
combination  when  used  as  a  solvent  for  various  organic  sub- 
stances. It  is  known  as  fibroferrite,  and  is  said  to  be  composed 
of  50  per  cent  of  ferrous  sulfate,  15  per  cent  of  oil  of  vitriol,  10 
per  cent  of  ferric  sulfite,  and  several  alums  and  sulfur  com- 
pounds.    (Pp.  538-9) 

Statistics  of  Exports  to  the  United  States 


Tampico— (P.  322) 
Petroleum 

Persia— (P.  347) 
Gum  tragacantli 

Germany — (P.  437) 
Wood  pulp 

Bleached 

Unbleached 
Muriate  of  potash 
Colors  and  dyes 

Scandinavian  Coun- 
tries— (P. 441) 

Unbleached  chciui- 
cal  wood  pulp 

Bleached  wood  pulp 


AuSTRO-HuNGARY 

Magnesite  and  other 
nonmetallic  metals 
Italy — (P.  442) 

Olive  oil 
Spain— (P.  442) 

Olive  oil 

Sulfur  ore 

Cop])er  ore  and 
matte 

Iron  ore 

Manganese 
Argentin.\ — (P.  450) 

Flaxseed 
Brazil— (P.  450) 

Manganese  ore 


South     America — (P. 
451) 
Copper 
Nitrate  of  soda 

Northern         North 
.\merica — (P.  453) 
Wood  pulp 
Flaxseed 

Australia — (P.  4G1) 
Copra 

England— (P.  522) 
China  clay 

Morocco — (P.  538) 
Coriander 


CiilLG 
China 


Special  Supplements  Issued 

Dominican  Republic 
Panama  Japan 
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Changes  in  the  Container  during  Canning  Operations.  C,  A.  Magoon 
AND  C.  W.  Culpepper.  Department  Bulletin  1022.  51  pp.  Paper.  10 
cents.     Issued  February  3,  1922. 

Studies  in  the  Clarification  of  Unfermented  Fruit  Juices.  J.  S.  Caldwell. 
Department  Bulletin  1025.     30  pp.     Issued  January  23,  1922. 

Geological   Survey 

Cobalt,  Molybdenum,  Nickel,  Tantalum,  Titanium,  Tungsten,  Radium, 
Uranium,  and  Vanadium  in  1920.  F.  L.  Hess.  .Separate  from  Mineral 
Resources  of  the  United  States,  1920,  Part  I.  17  pp.  Published  February 
20, 1922 

Colemanite  in  Clark  County,  Nevada.  L.  F.  Noble.  Bulletin  73S-B. 
Separate  from  Contributions  to  Economic  Geology,  1922,  Part  I.  17  pp. 
Published  February  23.  1922. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  Arizona  in  1920.  Mines  Report. 
V.  V.  Heikes.  Separate  from  Mineral  Resources  of  the  United  States, 
1920,  Part  I.     26  pp.     Published  January  19,  1922. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  Colorado  in  1919.  Mines  Report. 
C  W.  Henderson.  Separate  from  Mineral  Resources  of  the  United 
States,  1919,  Part  I.     42  pp.     Published  January  30,  1922. 

Salt,  Bromine,  and  Calcium  Chloride  in  1920.  R.  W.  Stone.  Separate 
from  Mineral  Resources  of  the  United  States,  1920,  Part  II  9  pp. 
Published  February  21,  1922. 

Talc  and  Soapstone  in  1920.  Edward  Sampson.  Separate  from  Mineral 
Resources  of  the  United  States,  1920,  Part  II.  13  pp  Published  Jan- 
uary 20,  1922. 

Public  Health  Service 

Contaminated  Oysters  Source  of  Typhoid  Epidemic  at  Havre,  France* 
Public  Health  Reports.  37  (February  24,  1922),  422-3. 

Notes  on  the  Efficiency  of  Various  Systems  of  Air-Conditioning  in  a  Muni- 
tions Factory.  C.-E.  A.  Winslow  and  Leonard  Greenuurg.  Public 
Health  Reports,  37  (February  10,  1922),  275-91. 

The  Determination  of  Hydrogen-Ion  Concentration.  F.  H.  McCrudubn. 
Public  Health  Reports,  37  (February  17,  1922),  ,')34-4S. 

The  Treatment  of  Carbon  Monoxide  Poisoning.  R.  R.  Savrbr  and  H.  R 
O'Brien.      Public  Health  Reports,  37  (February  10,  1922),  271-4. 

Tariff  Commission 

Tariff  Information  Surveys.  Revised  edition,  1921-22.  FL-2S.  On 
articles  in  Paragraphs  546-560  of  Tariff  .\ct  of  1913  and  related  articles 
in  other  paragraphs.     Ores  of  ferro-alloys.     96  pp.     Paper,  10  cents. 
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INORQANIC  CHEMICALS 

Mar.  1  Mar.  18 

Acid,  Boric,  cryst.,  bbls lb.  .  12V<  •  12'A 

Hydrochloric,  com'l,  20° lb.  .Ol'A  .Oli/t 

Hydrofluoric,  30  p.  c,  bbls... lb.  .07  .07 

Hydriodicsp.  gr.  1.150 oz.  .19  .19 

Nitric,  42° lb.  .06»/«  .06'A 

Phosphoric,  50%  tech lb.  .10  .10 

Sulfuric,  C.  P lb.  .07  .07 

Chamber,  66°  tks.wks..  ton  16.00  16.00 

Oleum  20% too  22.00  22.00 

Alum,  Ammonia,  lump lb.  .03Vj  .03Vi 

Potash,  lump lb.  *.03Vi  *03 

Chrome lb.  .06'/!  .06'A 

Soda,  ground lb.  .03'A  .OS'A 

Aluminium  Sulfate  (iron-free) lb.  .02'A  •02V« 

Ammonium  Carbonate,  pwd lb.  ^.07  •.O? 

Ammonium  Chloride,  gran lb.  .07'A  .07Vt 

Ammonia,   Anhydrous lb.  .30                     ,          .30 

Ammonia  Water,  drums,  26° lb.  .07'A  .07'A 

Arsenic,  white lb.  .07V!  .07iA 

Bariuim  Chloride ton  *60.00  *70.00 

Nitrate lb.  *.06V!  •06 

Barytes,  white ton  28.00  28.00 

BleachingPowd.,,35%,  works,  100 lbs.  2.00  1.90 

Borax,  cryst.,  bbls lb.  .05'/-  .05'A 

Bromine,  pure,  wks lb.  .20  .20 

Calcium    Chloride,    fused,  f.  o.  b. 

N.  Y ton  24.75  24.75 

Chalk,  precipitated,  light lb.  .04  .04 

China  Clay,  imported ton  18.00  18.00 

Chlorine,  liquid lb.  .06  .06 

Copper  Sulfate 100  lbs.  5.55  5.40 

Feldspar ton  8.00  8.00 

Fuller's  Earth 100  lbs.  1.00  1.00 

Iodine,  resublimed lb.  4.05  4.05 

Lead  Acetate,  white  crystals lb.  .11  .11 

Nitrate lb.  .15  .15 

Red  American lb.  .08  .08 

White  American lb.  .07'A  •07'A 

Lime  Acetate 100  lbs.  1.75  1.75 

Lithium  Carbonate lb.  1.50  1.50 

Magnesium  Carbonate,  tech lb.  .06  .06 

Magnesite ton  72.00  72.00 

Mercury  flask 75  lbs.  'SI. 00  ♦49.00 

Phosphorus,  yellow lb.  •.25  •.25 

Red lb.  *.25  *.25 

Plaster  of  Paris bbl.  4.25  4.25 

Potassium  Bichromate lb.  .10  .10 

Bromide,  imported lb.  '.14  '.17 

Carbonate,  calc,  80-85% lb.  .04>A  .04'A 

Chlorate,  cryst lb.  '.OS'/i  •.05'A 

Hydroxide,  88-92% lb.  •.OS'A  'Oe 

Iodide,  bulk lb.  3.15  3.15 

•Resale  or  Imported  (not  an  American  makers  price). 


Mar.  1 


Potassium  {Concluded) 

Nitrate lb. 

Permanganate    U.  S.  P lb. 

Prussiate ,  Red lb. 

Yellow lb. 

Salt  Cake,   bulk ton 

Silver  Nitrate oz. 

Soapstone,  in  bags ton 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76% 100  lbs. 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide lb. 

Fluoride,  technical lb. 

Hyposulfite,  bbls 100  lbs. 

Nitrate,  95% 100  lbs. 

Nitritel lb. 

Prussiate,    yellow  . lb. 

Phosphate  (di-sodium),  tech.  lb. 

Silicate,  40° lb. 

Sulfide,  60%  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude long  ton 

Talc,  American,  white ton 

Tin  Bichloride,  60%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


Acetanilide,  U  S.  P.  bbls lb. 

Acid,  Acetic,  28  p.  c 100  lbs. 

Glacial lb. 

Acetylsalicylic,   100  lbs lb. 

Benzoic,  U.  S.  P., ex-toluene,  .lb. 

Carbolic,  cryst.,  U.  S.  P.,  drs.  .lb. 
50- to  110-lb.  tins lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls lb. 

Pyrogallic,  resublimed lb. 

Salicylic,  bulk,  U.  S.  P lb. 

Tannic,  U.  S.  P.,  bbls lb. 

Tartaric,  crystals,  U.  S.  P lb. 

Trichloroacetic,  U.  S.  P lb. 

Acetone,  drums lb. 

Alcohol,  denatured,  comt>lete. . .  .gal. 

Ethyl,  190  proof,  bbls gal. 

Amyl  Acetate gal. 


Mar.   IS 


.08 

.08 

•.14 

•.14 

.75 

.60 

.25 

.25 

17.00 

17.00 

.43 

.43 'A 

12.00 

12.00 

•1.65 

•1.65 

•3.30 

•3.65 

.04 

.04 

2.30 

2.30 

.07«A 

.07«A 

.04 'A 

.04'A 

.07 

.07 

.26 

.26 

.10 

.10 

3.25 

3.25 

2.35 

2.85 

.08 

.09'A 

.  18'A 

.187. 

.04 

.04 

.01 

.01 

•.04>A 

*.a4'A 

•.09 

•.09 

3.00 

3.00 

20.00 

20.00 

18.00 

18.00 

.lO'A 

.lO'A 

.37 

.37 

.35 

.35 

.08 

.08 

.31 

.31 

2.60 

2.50 

.09 

.09 

.80 

.SO 

.60 

.60 

.12 

.14 

.21 

.21 

•.44 

•.44'A 

.12 

.ll'A 

1.75 

1.75 

.24 

.26 

.70 

.70 

•.24 

•.25 

4.40 

4.40 

.12 

.ll'A 

.35 

.35 

4.75 

4.75 

2.15 

2.18 

*5. 

1920 

192t 

1922 

J 

-  HEAVY  CHEMICAL  AVERAGE    - 

-   Simple  Average   of  Twenty  Hep-  ' 
"   resentative  Heavy  Chemicals. 
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Mar.  1 

Caffeine  Alkaloid lb.  3.75 

Camphor,  Jap,  refined,  cases lb.  .93 

Carbon  Bisulfide lb.  .06 

Tetrachloride lb.  .  lO'/i 

Chloroform.  U.  S.  P.,  drums lb.  .37 

Creosote,  U.  S.  P lb.  .40 

Cresol,  U.  S.  P lb.  .12 

Dextrin,  corn 100  lbs.  2.79 

Imported  Potato lb.  .08Vl 

Ether,  U.  S.  P.,  cone,  100  lbs.. .  .lb.  .14 

Formaldehyde,  bbls lb.  .09 

Glycerol,  dynamite,  drums lb.  .14 

Methanol,  pure,  bbls gal.  .75 

Methylene  Blue,  Med lb.  4 .  00 

Petrolatum,  snow-white lb.  .13 

Light  Amber lb.  .05 

Green lb.  .03 

Pyridine gal.  1.75 

Starch,  com 100  lbs,  2.22 

Potato,  Jap lb.  .06'/i 

Rice lb.  .18 

Sago lb.  .04 

OILS,  WAXES,  ETC. 

Beeswax,  pure,  white lb.  .33 

Black  Mineral  Oil,  29  gravity gal.  .22 

Castor  Oa,  No.  3 lb.  .  lOVi 

Ceresin,  yellow lb.  .08 

Com  Oil,  crude,  tanks,  mills lb.  .08 

Cottonseed  Oil,  crude,  f.  o.  b.  mill.  .lb.  .  10 

Linseed  Oil,  raw  (car  lots) gal.  .86 

Menhaden  Oil,  crude  (southern) .  gal.  .42 

Neat's-foot  Oil,  20° gal.  1 .32 

Paraffin,  128-130  m.  p.,  ref lb.  .06 

Paraffin  OU,  high  viscosity gal.  .45 

Rosin,  "F"  Grade,  280  lbs bbl.  5.35 

Rosin  Oil,  first  run gal.  .36 

Shellac.  T.  N lb.  .72 

Spermaceti,  cake lb.  .30 

Sperm  Oil,  bleached  winter,  38° . .  gal.  1 .  69 

Stearic  Acid,  double-pressed lb.  .10 

Tallow  Oil,  acidless gal.  .77 

Tar  Oil,  distilled gal.  .60 

Turpentine,  spirits  of gal.  .  88 

METALS 

Aluminium,  No.  1,  ingots lb.  .17 

Antimony,  ordinary 100  lbs.  4.35 

Bismuth lb.  2.10 

Copper,  electrolytic lb.  .  12V4 

Lake lb.  .12V« 

Lead.  N.  Y lb.  .04'A 

Nickel,  electrolytic lb.  .41 

Platinum,  refined,  soft oz.  90.00 

Quicksilver,  flask 75  lbs.  ea.  51 .  00 

Silver,  foreign oi.  .63V4 

Tin lb.  .3OV4 


Mar.  IS 
3.75 

.88 

.06 

.10 

.37 

.40 

.12 
2.89 

.08>/i 

.14 

.O8V1 

.14 

.75 
4.00 

.  12Vi 

.04'/. 

.02V« 
1.7S 
2.32 

.06'/« 

.18 

.04 


.33 

.22 

.10 

.08 

.10 

.09V4 

.84 

.40 
1.32 

.06 

.45 
6.35 

.36 

.76 

.30 
1.69 

.10 

.77 

.60 

.86 


,17 
4.3S 
2.20 

.lar 

.13 

.04«/i 

.41 

90.00 
49.00 
.63V« 

.28V4 


Mar.  1  Mar.  15 

Tungsten  Wolframite per  unit  2 .  00  2  ■  00 

Zinc,  N.  Y lOOIbs.  4.82"/!  4.95 

FERTILIZER  MATERIALS 

Ammonium  Sulfate,  export...  100  lbs.  2.60  3.10 

Blood,  dried,  f.  o.  b.  N.  Y unit  3.75  4.00 

Bone,  3  and  50,  ground,  raw ton  30.00  30.00 

Calcium  Cyanamide,  unit  of  Am- 
monia   2.25  2.25 

Pish  Scrap,  domestic,  dried,  f.  o.  b. 

works unit  3.25  &  .10  3.25&.10 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton  6.00  8.00 

Tennessee,  78-80% ton  8.00  8.00 

Potassium  Muriate,  80% unit  .60  .60 

PsTites,  furnace  size,  imported . .  unit  .14  ,14 
Tankage,    high-grade,    f.    o.    b. 

Chicago unit  3.25&.10  3.25&.10 

COAL-TAR  CHEMICALS 
Crudes 

Anthracene,  80-85% lb.  .76  .75 

Benzene,  pure,  tacks gal.  .29  .29 

Cresol,  U.  S.  P lb.  .12  .12 

Cresylie  Acid,  97-99% gal.  .50  .50 

Naphthalene,  flake lb.  .07'/i  .87'/t 

Phenol,  drums lb.  .12  .12 

Toluene,  pure,  tanks gal.  .30  .30 

Xylene.  2  deg.  dist.  range,  tanks. gal.  .45  .45 

Intermediates 
Acids : 

Anthranilic lb.  1.10  1.10 

Benzoic  tech lb.  .50  .50 

Broenner's lb.  1.55  1.55 

Cleve's lb.  1.50  1.60 

Gamma lb.  2.00  2.00 

H lb.  .85  .85 

Metanilic lb.  1.00  1.00 

Monosulfonic  P lb.  2.30  2.30 

Napbthionic,  crude lb.  .65  .65 

NevUe  &  Winther's lb.  1.30  1.25 

PhthaUc lb.  .32  .32 

Picric lb.  .20  .20 

Sulfanilic lb.  .24  .24 

Tobias' lb.  1.60  1.50 

Aminoazobenzene lb.  1.15  1.15 

Aniline  Oil lb.  .16  .16 

Aniline  Salt lb.  .24  .24 

Anthraquinone lb.  1.40  1.40 

Bayer's  Salt lb.  1.00  1.00 

Benzaldehyde,  tech lb.  .55  .55 

U.S.P lb.  1.40  1.40 

Benzidine  (base) lb.  .90  .85 

Benzidine  Sulfate lb.  .70  .85 

Diaminophenol lb.  6.50  1.50 

Dianisidine lb.  4.75  4.75 


*3. 

1920 

1921 

1922 

_    c 
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^-Dichlorobenzene lb. 

Diethylanilioe lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Dinitrotoluene lb. 

Diphenylamine lb. 

GSalt lb 

Hydroquinol lb 

Mctol  (Rhodol) lb 

Monocblorobenzene lb 

MoDoetbylaniline lb 

fl-Naphthylamine lb 

k-Naphtbylamine  (Sublimed) lb 

fc-Naphthol,  dist Ih 

Hi-Nitroaniline lb 

^-NitroaBiline lb 

Kitrobenxene,  crude .        'K 

Rectified  (Oil  Mirbao'-l  i 

^-Nitrophenol it 

^-Nitrosodimethylanilinr  "■ 

•-Nttrotoluene t( 

^Nitrotoluene .  ib 

m-Phenyleoediamine lb 

^•Phenylenediaiiiine lb 

Phtlialic  Anhydride lb. 

Primuline  (Base) lb. 

R  Salt lb. 

Resordnol,  tech lb. 

U   S.  P lb 

B^oaeffer  Salt lb. 

Sodinm  Naphtbionate lb. 

Thiocarbanilide lb. 

Tolidine  (Base) lb. 

Toluidioe,  mixed Ib. 

o-Toluidioe lb. 

^-Toluidine lb, 

■t-Toluylenediamine lb. 

Xylidine,  crude ...  .lb. 


.IV 
60 


.80 

7. 

1    f 

.^    .5tl 

1 
1     UU 

;(0 

1  iO 
L'S 
.80 
.77 
.10 
.10 
.75 

.15 

.70 

1.05 

1.50 

.35 

2.00 

.60 

1.60 

1.75 

.70 

.70 

.35 

1.20 

.30 

.20 

1.00 

1.05 

.46 


COAL-TAR  COLORS 


Acid  Colors 

BUck lb. 

■ta« lb. 

Fuchsin lb 

Orange  III lb 

Red lb. 

Alkali  Blue,  domestic lb 

Azo  Carmine Ib. 

Azo  Yellow lb. 

Erythrosin lb. 

Indigotin,  cone lb. 

Paste lb. 

Naphthol  Green Ib. 

Ponceau Ib. 

Scarlet  2R lb. 


Mir    15 


.17 

60 

38 

21 

.25 

.60 

.70 

1   35 

3.50 

.10 

1. 00 

.30 

1.50 

.28 

.77 

.77 

.10 

10 

.76 


.IS 

.70 

1.05 

I  SO 

.35 

2.00 

.60 

1.60 

1.75 

.70 

.70 

.35 

1.20 

.30 

.20 

1. 00 

1.05 

46 


.80 

.80 

1.50 

1.50 

2.00 

3.00 

.50 

.80 

.85 

.85 

4.50 

4.60 

4.00 

4.00 

1.50 

l.SO 

6.00 

6.00 

2.50 

2.50 

1.50 

1.50 

1.60 

1.60 

.80 

.SO 

.70 

.70 

Direct  Colors 

Black Ib. 

Blue  2B lb. 

Brown  R lb. 

Fast  Red lb. 

YeUow Ib. 

Violet,  cone lb. 

Chrysophenine,  domestic lb. 

Congo  Red,  4B  Type lb. 

Primuline,  domestic Ib. 

Oil  Colors 

Black lb 

Blue lb. 

Orange Ib. 

Red  m lb. 

Scarlet Ib. 

YeUow lb. 

Nigrosine  Oil,  soluble lb. 

Sulfur  Colors 

Black lb. 

Blue,  domestic lb. 

Brown Ib- 

Grecn lb. 

Yellow lb. 

Chroma  Colors 

Alizarin  Blue,  bright lb. 

Alizarin  Red,  20%  paste Ib. 

Alizarin  YeUow  G lb 

Chrome  Black,  domestic lb. 

Chrome  Blue lb. 

Chrome  Green,  domestic lb. 

Chrome  Red Ib. 

Gallocyanin Ib. 

Basic  Colors 

Auramine,  O,  domestic lb. 

Auramine,  00 Ib. 

Bismarck  Brown  R lb. 

Bismarck  Brown  G lb. 

Chrysoldine  R lb. 

Chrysoidine  Y lb. 

Green  Crystals,  Brilliant lb. 

Indigo,  20%  paste lb. 

Fuchsin  Crystals,  domestic Ib. 

Magenta  Add,  domestic Ib. 

Malachite  Green,  crystals lb. 

Methylene  Blue,  tech lb. 

Methyl  Violet  3  B lb. 

Nigrosine,  spts.  sol lb. 

Water  sol.,  blue Ib. 

Jet lb. 

Phosphine  G..  domestic Ib. 

Rhodamine  B,  extra  cone Ib. 

Victoria  Blue,  base,  domestic lb. 

Victoria  Green lb. 

Victoria  Red lb. 

Victoria  YeUow lb. 


Mar.  1 

Mar.  15 

.53 

53 

.60 

60 

.85 

.88 

2.35 

2.36 

2  GO 

2.00 

l.IO 

1.10 

1.10 

1.10 

.90 

.90 

1.73 

1  75 

.70 

.70 

1.28 

1.28 

.95 

.98 

1.65 

1.66 

1.00 

1. 00 

1.25 

1.28 

.90 

.90 

.20 

.20 

60 

60 

.35 

.38 

1.00 

1.00 

.76 

.76 

8.00 

5.00 

.80 

.60 

.85 

.85 

.55 

.53 

.78 

.78 

1.50 

1.60 

1.76 

1.78 

2.30 

3.30 

2.00 

2.00 

2.60 

2.60 

.70 

.70 

1.00 

1.00 

.75 

.75 

.75 

.78 

2.25 

2.26 

.45 

.45 

3.00 

3.00 

2.00 

2  00 

1.60 

1.60 

l.SO 

1.80 

1.75 

1.78 

.70 

.70 

.60 

.60 

.90 
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EDITORIALS 


Importation  and  an  Opportunity 

We  have  frequently  been  asked  what  are  the  present  con- 
ditions under  which  apparatus  and  chemicals  can  be  imported. 
To  supply  the  answer  we  have  made  a  careful  investigation, 
and  believe  the  results  justify  editorial  comment. 

It  seems  inadvisable  to  undertake  importation  of  miscel- 
laneous hsts  at  the  present  time.  Where  highly  specialized 
pieces  of  apparatus  are  required  and  the  purchaser  is  prepared 
to  take  any  and  all  risks  involved,  including  annoying  delays, 
there  is,  of  course,  more  reason  for  importation  than  where 
miscellaneous  hsts  for  students  are  to  be  purchased  at  definite 
prices  and  for  delivery  at  a  specified  time.  We  find  that  with 
the  present  German  governmental  control  of  glassware  prices 
through  export  regulations,  there  is  little,  if  any,  price 
advantage  in  importing  glassware,  porcelain,  etc.,  from  that 
country.  The  time  of  delivery  is  most  uncertain,  while 
quaUty  is  often  inferior  to  that  of  pre-war  years.  This  mat- 
ter of  quaUty  and  workmanship  applies  both  to  apparatus 
and  to  chemicals.  Much  inferior  apparatus  has  come  in  un- 
marked and  is  called  American  in  case  of  complaint.  One 
of  the  best  known  makes  of  reagents  shows  almost  unbeliev- 
able deterioration  as  judged  by  recent  lots,  and  we  are  in- 
formed that  the  actual  management  of  the  works  has  recently 
fallen  into  new  hands.  There  is  therefore  httle,  if  any,  ad- 
vantage in  price,  quality,  or  deUvery.  Last  year  one  of  our 
best  known  supply  houses  purchased  only  6  per  cent  of  its 
stock  from  Germany,  despite  the  great  advantage  in  exchange. 

The  present  unsatisfactory  condition  under  which  im- 
portations can  be  made  presents  a  wonderful  opportunity  to 
American  manufacturers  and  to  our  dealers.  There  is  also  a 
need  for  constructive  work  on  the  part  of  the  users.  Let  us 
treat  these  points  in  turn. 

We  need  not  rehearse  the  wonderful  achievements  of  our 
manufacturers  thus  far.  American  manufacturers  have 
made  good  in  glass,  in  porcelain,  in  pjTometers,  in  hemacytom- 
eters, in  electrical  measurement  apparatus,  analytical  bal- 
ances, electric  furnaces,  electric  ovens,  all  sheet-metal  ware, 
all  hardware,  and  a  long  hst  of  devices  which  call  for  just  as 
much  ingenuity,  resourcefulness,  and  persistence  for  their 
development  as  is  the  case  with  any  chemical  apparatus. 
Now  is  the  time  for  American  manufacturers  to  "n-in  all  of  the 
American  and  a  share  of  the  world  market  in  face  of  foreign 
competition  by  the  simple  method  of  making  the  best  appara- 
tus at  equal  or  lower  prices  if  this  is  possible,  but  always  the 
best.  Many  doubt  whether  the  American  market  can  ever 
be  secured  by  American  makers  on  a  price  basis.  There  are 
too  many  handicaps.  Quahty  must  be  made  the  distinction. 
Americans  cannot  be  expected  to  pay  high  prices  for  inferior 
material,  but  they  soon  learn  the  real  economy  of  buying  goods 
of  quality.  A  large  stock  of  a  foreign  glass  lies  unsalable  in 
New  York  because  even  students  have  learned  that  in  the 
long  run  an  American  glass  is  not  only  better  but  more 
economical. 

In  going  about,  we  have  heard  of  instances  where  manu- 
facturers have  not  been  willing  to  cooperate  fuUy  with  users 
in  providing  glassware  and  other  items  in  accordance  with 
reasonable  specifications.  Manufacturers  must  go  a  little 
more  than  half  way  if  the  best  results  for  aU  concerned  are  to 
be  obtained. 

The  dealers  have  their  oppoitunity  in  hdping  to  place  the 
purchase  of  large  quantities  on  a  really  sound  basis.    Has  the 


time  not  come  when  the  man  who  buys  an  original  package  of 
apparatus  or  chemicals  should  have  the  lowest  price  for  that 
package,  regardless  of  the  rest  of  his  order?  Why  should  a 
laboratory  be  given  special  consideration  because  of  the  size- 
of  a  miscellaneous  order  over  another  laboratory  which  is 
willing  to  buy  in  standard  packages?  To  the  best  of  our 
knowledge,  this  condition  does  not  obtain  in  other  fines  of 
business.  The  grocer  who  buys  a  barrel  of  sugar  gets  the  low- 
est price  on  the  barrel  without  regard  to  the  number  of  boxes 
of  raisins,  prunes,  and  soap  which  accompany  the  order. 
Each  item  is  priced  on  the  quantity  of  that  item. 

Some  dealers  have  also  been  somewhat  responsible  for 
present  methods  of  buying  by  encouraging  large  laboratories 
to  estimate  in  March  what  they  will  need  in  October.  The 
result  has  been  that  many  an  institution  has  found  itseK  with 
quantities  of  material  lying  idle  in  the  stockroom,  has  bought 
unwisely  except  for  a  few  standard  items,  and  has  in  many 
cases  practiced  false  economy.  It  would  be  an  exceUent 
thing  for  aU  concerned  if  the  dealers  would  agree  upon  a 
sound  business  sales  policy  and  seek  cooperation  of  the 
large  buyers  in  following  out  that  poUcy. 

It  devolves  upon  the  consumer  to  determine  what  is  quaUty. 
For  example,  rubber  manufacturers  have  come  to  know  that 
manj^  orders  for  tubing  and  stoppers  are  placed  solely  on  the 
basis  of  price,  and  the  maker  finding  the  best  way  for  intro- 
ducing a  high  percentage  of  various  fillers  and  substitutes 
gets  the  business.  The  result  is  that  the  best  apparatus 
dealers  can  no  longer  depend  upon  regular  stock  production 
for  laboratory  use,  but  are  compelled  to  have  special  tubing 
and  stoppers  made  to  insure  uniformity  and  reasonable  qual- 
ity for  the  purpose  intended. 

And  so  with  many  other  items  in  the  fist  of  15,000  which 
make  up  the  modern  chemical  apparatus  catalog.  Our 
Committee  on  Guaranteed  Reagents  and  Standard  Appara- 
tus is  doing  constructive  work  of  value.  Might  not  that 
Committee  or  some  other  be  charged  with  the  duty  of  de- 
termining standards  of  quaUty  as  a  protection  to  the  pur- 
chaser and  also  to  the  faithful  manufacturer  and  dealer  who 
endeavors  to  give  quaUty  at  a  reasonable  price? 

The  whole  situation  is  after  aU  an  economic  one.  We- 
have  stated  some  of  the  factors  involved.  We  can  accom- 
pUsh  the  best  for  aU  concerned  if  we  can  agree  upon  a 
working  program.    What  is  your  experience? 


The  Freight  Factor 

Our  chemical  industry  has  been  confronted  with  one  handi- 
cap after  another  and  has  already  overcome  difficulties 
greater  than  those  ever  presented  to  other  commercial  enter- 
prises. Among  the  difficulties  which  are  common  to  industry 
in  general,  but  wliich  affect  chemistry  to  an  unusual  degree, 
the  freight  factor  is  an  example. 

Other  countries  do  not  meet  this  difficulty.  They  are 
smaller,  have  consuming  markets  near  production  centers, 
or  have  the  advantage  of  waterways  like  the  Rhine.  The 
sea  enables  many  producers  to  deliver  goods  at  a  rate  which 
practicaUy  stifles  the  corresponding  American  industry. 
Thus,  grades  of  clay  for  certain  porcelain  insulators  are  brought 
from  Wales  at  ten  shillings  per  ton  freight,  while  the  same 
grades  from  American  pits  carry  a  freiglit  of  from  niae  to  ten 
doUars  a  ton  to  consuming  markets.    One  of  the  chief  handi- 
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caps  in  selling  American  potash  in  the  eastern  consuming 
market  is  the  freight  item,  which  accounts  for  more  of  the 
difference  in  price  between  American  and  imported  potash 
salts  than  the  proposed  tariff  would  compensate. 

All  industry  goes  back  to  power,  and  to-day  the  freight 
on  some  grades  of  coal  is  more  than  the  same  kinds  of  coal 
cost,  delivered  in  factory  bunkers,  a  few  years  ago.  It 
is  fairly  well  agreed  that  much  of  our  freight  cost  is  due 
to  the  fuel  item  and  to  wages  paid  railroad  labor  in  excess 
of  those  paid  the  same  class  of  labor  in  other  industries.  In 
the  case  of  railroad  labor,  statistics  will  be  helpful.  The 
following  figures  are  based  upon  data  compiled  by  the  Illinois 
Manufacturers   Association : 

There  are  approximately  380,000  employees  who  are 
directly  concerned  with  train  operations,  and  1,341,000 
workers  who  have  nothing  directly  to  do  with  trains.  The 
latter  are  the  shop  craft  labor,  whose  wages  comprise  nearly 
80  per  cent  of  the  railway  payroll.  They  are  about  25 
per  cent  overpaid,  as  compared  with  other  industries.  The 
figures  show  the  following  details : 

Average  per  Hour  Per  Year 

Number      Quarter  to  June  30,  1921  1920 

Machinists 66,127  $   .883  $2,234 

Boilermakers 20,867  .893  2,314 

Masons      and     brick- 
layers   1,210  .734  1,750 

Blacksmitlis 10,997  .874  2,119 

Structural  iron  work- 
ers   715  .801  2,037 

Carpenters 52,459  .758  1,808 

Painters       and       up- 
holsterers   13,201  .813  1,859 

Electricians 15,247     (per  day)  7 .  072  2,215 

Airbrake  men 8,194  .845  2,141 

Car  inspectors 26,923  .847  2,313 

Car  repairers 90,127  .819  1,997 

Other  .skilled  laborers..  60,526  .829  2,087 
Mechanics  helpers  and 

apprentices 139,293  .623  1,548 

ToTAi,  Shopmen.  . .  fi05,891 

Section  men 276,829  .451  1,179 

Enginehouse  men 76,993  .54  1,527 

Other     unskilled      la- 
borers   121,197  .520  1,306 

ToTAl, 980,910 

Clerks 243,965  .701  1,647 

Station  service 116,968  .546  1,373 

Grand  Total 1,341,843 

Trainmen 
Yard  Employees 

Engineers 23,747  .93  2,650 

Firemen 23,923  .73  2,005 

Conductors 23,513  .89  2,514 

Brakemen 58,548  .83  2,265 

Switch  tenders 6,779  .64  1,795 

Others 5,088  .54  1,436 

Road  Trainmen 

Freight  engineers 35,717  1 .  154  3,436 

Firemen 38,590  .  875  2,452 

Conductors 29,027  .977  3,008 

Brakemen 72,203  .776  2,331 

Passenger  engineers...  13,190  1.369  3,326 

Passenger  firemen 12,724  1.053  2,475 

Passenger  conductors.  11,070  1.148  2,971 

Passenger  baggagemen  5,899  .863  2,240 
Passenger   brake   and 

flagmen 16,291  .847  2,094 

Others 3,711  .663  1,775 

Total 380,120 

Hostlers 12,439 

Grand  Total 392,120 

These  figures  show  that  the  so-called  common  skilled  labor 
such  as  is  employed  in  the  repairing  of  freight  cars  receives 
an  average  of  84  cents  an  hour,  while  the  prevailing  rate  in 
the  manufacturing  industry  is  about  45  cents  an  hour. 
No  one  can  object  to  the  wages  paid  those  who  have  in  their 
care  not  only  such  expensive  equipment  as  locomotives  but  the 
safety  of  many  lives,  but  it  does  seem  unnecessary  to  burden 
business  in  general  by  the  payment  to  other  classes  of  labor 
of  such  wages  as  these  statistics  show.  Many  an  instructor 
in  our  educational  institutions  and  no  small  percentage  of 
professional  men  look  upon  these  annual  earnings  with  a 
little  wistfulness.  It  seems  unlikely  that  transportation 
costs  can  be  brought  back  to  normal  unless  some  adjustments 
can  be  made  in  the  wages  of  some  classes  of  railroad  labor. 
When  this  is  done  the  chemical  industry  will  be  encouraged, 
along  with  other  manufacturers. 


The  Jariff  Bill 

The  following  extract  is  taken  from  the  Report  to  accom- 
pany the  tariff  bill  (H.  R.  7456),  which  was  submitted  to  the 
Senate  by  the  Chairman  of  the  Finance  Committee  on  April 
11,  1922. 

Dyes  and  Synthetic  Organic  Chemicals 

It  was  found  that  the  rates  provided  for  dyes  and  coal-tar 
chemicals,  after  the  limited  embargo  provisions  covering  these 
products  had  been  eliminated  on  the  floor  of  the  House  of  Repre- 
sentatives, were  wholly  inadequate  to  protect  the  domestic 
industry. 

It  is  common  knowledge  that  Germany  had  a  monopoly  of 
the  world's  trade  in  dyes  prior  to  the  war.  Although  our  domes- 
tic industry  has  made  great  strides  during  and  since  the  war, 
when  these  products  have  been  admitted  to  the  United  States 
only  under  license,  as  provided  by  the  emergency  tariff  act  of 
May  27,  1921,  and  although  our  industry  is  capable  of  supply- 
ing between  85  and  90  per  cent  of  the  quantity  required  of 
domestic  consumers,  it  has  not  attained  a  point  in  efficiency  of 
manufacture  where  it  can  hope  to  compete  with  the  well-organized 
industry  which  exists  in  Germany.  Your  Committee  has  reached 
the  conclusion  that  no  rates  in  American  tariff  history  would 
be  adequate  to  protect  this  industry. 

Your  Committee  therefore  recommends  that  the  provisions 
of  the  emergency  tariff  act  relating  to  dyes  and  synthetic  organic 
chemicals  be  e.xtended  for  a  period  of  one  year  after  the  tariff 
bill  become?  a  law.  In  subdivision  (d)  of  Section  315  the  Presi- 
dent is  also  authorized,  if  upon  investigation  he  ascertains  that 
the  rates  specified  upon  coal-tar  intermediates  and  dyes  do  not 
equalize  the  differences  in  competition  here  and  abroad,  or  if  he 
ascertains  that  an  industry  in  the  United  States  is  being  or  is 
likely  to  be  injured  by  reason  of  the  importation  of  like  inter- 
mediates or  dyes  into  the  United  States,  to  issue  a  proclamation 
stating  such  fact  and  to  continue  the  dye  and  chemical  control 
act  in  force  for  a  further  period  not  to  exceed  one  year.  In 
addition,  the  following  rates  of  duty  on  these  products  are  pro- 
posed :  50  per  cent  plus  7  cents  per  pound  on  intermediates  and 
60  per  cent  plus  7  cents  per  poimd  on  finished  coal-tar  products. 
Under  the  administrative  provisions  of  the  bill,  the  President 
has  been  given  authority  to  base  these  rates  on  American  values 
of  similar  competitive  articles  and  also  to  increase  or  decrease 
the  rates  not  exceeding  50  per  cent,  if,  after  investigation,  he 
may  find  such  action  necessary.  The  extension  of  the  dye  con- 
trol provisions  of  the  emergency  tariff  act  for  one  year  (and  two 
years  if  necessary)  will  give  the  President  sufficient  time  to 
investigate  conditions  in  the  domestic  dye  and  coal-tar  industry, 
to  ascertain  what  products  can  be  protected  by  the  rates  specified 
in  this  bill,  to  determine  the  products  on  which  it  will  be  neces- 
sary to  assess  duties  based  upon  American  valuation,  and  to 
decide  what  increase  in  rates  will  be  necessary  in  order  that  all 
branches  of  this  industry  may  become  firmly  established  in  the 
United  States. 

It  will  take  courage  to  go  forward  with  development  on  a 
large  scale  under  this  biU.  A  great  gain  has  been  made, 
however,  in  the  matter  of  time.  This  can  be  used  to  advan- 
tage in  making  sure  that  a  larger  proportion  of  Congress  be- 
comes familiar  with  the  conditions  involved. 


Technical  Information  Service 

Organizations  of  business  men  are  wont  to  establish  a 
variety  of  services  designed  to  the  profit  of  the  members  of 
the  group — legal,  taxation,  insurance,  accounting,  banking, 
and  freight  are  subjects  usually  receiving  special  considera- 
tion. But  it  has  remained  for  the  Associated  Industries  of 
Massachusetts  to  establish  a  technical  information  service 
for  its  members.  This  is  a  forward  step  of  direct  interest  to 
chemists  and  establishes  a  precedent  which  should  assist 
chemists  in  other  localities  in  bringing  home  to  manufacturers 
a  realization  that  in  applied  science  they  have  a  reliable  anchor 
to  windw.ard. 

New  England  has  been  a  favorable  place  for  such  activities 
because  of  its  relatively  small  area,  the  concentration  of  its 
diversified  manufacturing,  and  the  agencies  at  work.    The 
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several  colleges  and  universities  and  technical  schools  have 
been  active  centers,  aided  by  several  commercial  laboratories. 
When  one  chemist  does  a  really  good  piece  of  work,  all  chem- 
ists and  the  science  are  directly  benefited.  If  the  work  is 
poor,  all  suffer.  We  quote  from  the  Association's  announce- 
ment: 

The  service  is  equipped  to  answer  inquiries  on  the  fundamental 
processes  employed  in  manufacturing  operations,  such  as  steam 
generation,  water  softening,  lubrication,  heating,  drying  of 
materials,  filtration,  distillation,  evaporation,  dyeing,  etc.,  and 
to  supply  members  with  knowledge  which  will  be  of  material  aid 
in  solving  problems  of  construction,  the  properties  of  building 
materials,  the  selection  of  the  more  important  types  of  equip- 
ment for  certain  operations,  the  erection  of  machinery,  and  the 
like.  It  is  also  in  a  position  to  direct  members  to  sources  of 
information  on  technical  subjects  and  to  places  where  materials 
or  equipment  can  be  obtained  to  the  best  advantage. 

This  is  an  encouraging  sign  which  should  be  brought  to  the 
attention  of  business  organizations  everywhere. 


Is  a  Commercial  War  between  Chemists  and 
Business  Men  Coming? 

The  United  States  to-day  abounds  in  chemical  knowledge. 

If  the  business  men  do  not  utilize  it  properly,  the  chenusts 
themselves  will. 

Chemical  advice,  dearly  purchased  and  highly  praised 
during  the  war,  is  now  being  shelved  and  disregarded.  Per- 
haps it  is  only  a  coincidence  that  at  the  same  time  trade  is 
stagnant,  and  our  hold  on  foreign  markets  dwindling. 

Hundreds  of  chemists,  vainly  looking  for  positions,  will 
probably  be  forced  to  engage  in  business  for  themselves. 
Thus  fate  may  push  them  into  good  fortune,  and  the  skepti- 
cal business  men  out  of  it. 

AH  further  talk  about  the  good  that  chemists  can  do  for 
manufacturers  is  wasted.  A  baker,  refusing  to  take  advan- 
tage of  chemical  knowledge,  may  some  day  wake  up  to  find 
that  a  chemist  has  opened  a  bakery  shop  on  the  other  side  of 
the  street.  It  may  easily  happen  that  he  will  be  convinced 
and  bankrupted  at  the  same  time. 

Chemical  knowledge,  like  many  other  desirable  goods,  will 
not  be  bought  by  the  pubUc  unless  it  is  sold  to  them.  Trium- 
phant competition  may  eventually  be  the  slogan  of  a  success- 
ful although  painful  selling  campaign. 

The  kind  of  goods  that  sells  on  merit  only,  without  seUing 
effort,  is  yet  to  be  found.  Chemists  have  relied  entirely  on 
the  merit  of  their  goods,  and  have  not  sold  them;  manufac- 
turers have  refused  to  believe  that  anything  not  advertised 
on  biOboards  can  have  merit.  As  a  result,  botli  sides  have 
suffered  severely. 

Chemists,  inclusive  of  college  teachers,  need  to  learn  that 
even  an  aU-wool  suit  will  not  seU  if  a  dealer  puts  it  into  a 
dark  basement. 

Most  chemists  spend  their  lives  advising  manufacturers 
how  to  make  money.  Napoleon  was  an  adviser  to  two  help- 
less generals  at  the  siege  of  Toulon,  and,  while  he  kept  on 
advising,  Toulon  held  out.  One  day,  Paris  instructed  Na- 
poleon to  take  charge,  whereupon  he  carried  out  his  own 
advices  and  Toulon  fell. 

If  chemists  have  as  much  faith  in  their  advice  as  they  claim 
they  have,  they  will  stop  fretting  and  fuming  about  the 
incompetence  of  business  men;  they  will  start  to  compete 
with  the  business  men  and  show  them  how. 

The  business  men  may  have  to  worry  about  this,  but  the 
public  will  not.  They  wiU  get  their  goods  better,  cheaper, 
and  more  uniform  than  ever  before. 

Otto  Eisenschiml 


Distribution  of  Chemists 

Data  compiled  by  the  Association  of  Harvard  Chemists 
throw  light  upon  the  distribution  of  a  typical  group  of  men 
who  have  concentrated  in  chemistry  while  at  that  institution. 
The  data  are  based  upon  letters  sent  to  950  men,  of  whom 
628  replied.  An  analysis  of  the  returns  shows  that  157  of 
these  men  are  teaching  iq  various  colleges,  three  having 
reached  the  grade' of  president;  38  are  teaching  in  high  schools; 
40  are  graduate  students  in  chemistry;  35  have  become  phy- 
sicians and  surgeons;  43  are  in  the  employ  of  the  Govern- 
ment; 103  are  executives  in  commercial  chemistry;  159  are 
commercial  chemists;'  and  41  in  purely  commercial  work. 
In  the  latter  class  we  find  15  in  accounting  and  finance,  4  in 
manufacturing  and  sales  other  than  chemistry,  5  editors  and 
pubhshers,  9  patent  attorneys,  and  1  governor  of  state. 
Classification  of  executives  in  commercial  chemistry  is  as 
follows:  15  presidents,  10  vice  presidents,  4  secretaries,  5 
treasurers,  23  managers,  23  superintendents,  8  assistant 
superintendents,  2  chemical  foremen,  3  purchasing  agents, 
8  sales  managers,  and  2  salesmen. 

Among  other  things,  the  above  figures  indicate  the  diversity 
of  work  which  a  chemical  training  makes  possible.  We 
believe  that  if  similar  figures  were  available  for  men  who 
specialized  in  other  sciences,  it  would  be  found  that  chemistry 
is  in  an  enviable  position. 


The  Earning  Power  of  Research 

Aside  from  chemical  control  in  making  the  very  dense 
and  briUiant  lead  glass  blanks  used  in  making  cut  glass, 
chemistry  formerly  had  Uttle  to  do  with  producing  the  fin- 
ished product.  All  operations  were  mechanical.  Patterns 
were  marked  out  on  the  blank,  and  steel  wheels,  with  mitered 
edges  and  armed  with  trickUng  sand  and  water,  were  used 
to  make  the  deep  cuts  and  the  finer  tracery.  Stone  wheels 
next  smoothed  the  roughly  cut  surfaces.  Wooden  wheels 
with  pumice  and  water  gave  an  approach  to  a  pohsh,  and 
finally  rapidly  revolving  brushes  with  putty  powder  (tin 
oxide)  gave  the  high  finish.  The  men  who  operated  these 
four  types  of  apparatus  were  all  highly  skilled  and  highly 
paid.  About  1895  attempts  were  made  to  utilize  the  action 
of  hydrofluoric  acid  on  glass,  in  order  to  eliminate  the  two 
final  processes  almost  entirely.  Many  difficulties  were  en- 
countered by  the  chemists  who  attempted  to  control  this 
reaction.  Finally,  however,  they  were  overcome,  and  one 
or  two  men  can  now  polish  the  output  of  a  large  fac- 
tory, permitting  the  laying  off  of  perhaps  forty  highly  paid 
workers  and  the  seUing  to  the  pubhc  of  fine  cut  glass  ware 
at  much  less  than  it  could  othermse  be  marketed. 

As  in  all  such  cases  the  advance  is  hard,  for  the  time  being, 
on  the  men  laid  off,  but  they  eventually  do  something  else 
for  the  world,  and  society  in  general  benefits  from  the 
advance. 

Frank  B.  Wade 


When  Muscle  Shoals  is  leased,  it  will  be  in  order  to  make 
an  ail-American  fertilizer.  Phosphoric  acid  by  electric  fur- 
nace methods  from  supplies  of  phosphate  rock  near  at  hand 
suggests  itself.  American  potash  is  seeking  a  market.  Ni- 
trates will  be  made  on  the  spot.  Such  a  scheme  for  a  con- 
centrated complete  fertihzer  sounds  feasible,  and  an  ail- 
American  fertilizer  surely  has  advertising  possibilities. 
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BIRMINGHAM  MEETING 
AMERICAN  CHEMICAL  SOCIETY 


An  unusual  opportunity  to  meet  fellow  chemists  and  dis- 
cuss problems  of  mutual  interest,  interested  discussion  of 
good  papers,  and  a  really  uncommon  industrial  excursion — 
these  were  the  outstanding  points  of  our  spring  meeting.  The 
attendance,  while  less  than  400,  was  made  up  of  representa- 
tives from  35  states,  from  Canada,  and  one  visitor  from  the 
far-away  isle  of  Mauritius.  The  geographical  distribution  of 
those  in  attendance  showed  the  following  at  the  top  of  the 
list  in  the  order  mentioned: 

Alabama 51 

New  York 33 

niinois 32 

Ohio 31 

District  of  Columbia 29 

Pennsylvania 26 

The  Local  Committee,  though 
laboring  under  a  number  of  handi- 
caps, did  everything  possible  to 
make  the  meeting  an  unqualified 
success,  and  Chairman  J.  F.  Carle 
with  his  immediate  staff  of  assistants 
earned  our  sincere  thanks.  The 
Alabama  Technical  Association  were 
our  hosts  at  the  smoker,  while  the 
Tennessee  Coal,  Iron  and  Railroad 
Company  contributed  to  our  profit 
and  pleasure  to  a  very  great  degree. 

The  SociETT  was  reaUy  compli- 
mented when  the  First  Methodist 
Church  after  due  consideration  made 
avaOable  their  Sunday  school  rooms 
for  the  Division  and  Section  meetings. 
So  far  as  we  know  it  is  the  first  occa- 
sion upon  which  a  church  has  been 
used  for  such  meetings  of  our 
Society,,  and  it  was  the  first  occasion 
upon  which  meetings  of  a  non- 
religious  character  had  been  per- 
mitted in  this  edifice.  The  balance 
was  swung  in  our  favor  by  the  fact 
that  the  church  authorities  recognize 
the  efforts  of  chemists  to  ascertain 
the  truth. 

The  short  distance  between  the  hotel  headquarters  and 
meeting  places,  together  with  the  time  allotted  upon  the  pro- 
gram, gave  us  an  unusual  opportunity  to  meet  the  men  and 
to  have  time  to  talk  things  out.  There  is  no  question  that 
chemistry  in  the  South  was  greatly  stimulated  by  the  meet- 
ing. The  press  was  generous  in  its  notices  of  our  activities, 
and  because  of  our  visit  it  will  be  possible  for  the  achievements 
of  chemistry  to  be  kept  before  the  people  by  the  efforts  of  the 
press  and  those  chemists  who  are  willing  to  tell  of  their  work. 
The  meeting  also  served  to  call  popular  attention  to  the 
efforts  of  chemists  wlio  are  combining  business  abDity  with 
technical  knowledge  in  the  utilization  of  southern  resources. 

The  excursion  upon  the  7th  deserves  particular  mention. 
It  might  even  be  called  a  symposium  upon  iron  and  steel. 
In  one  day  we  were  shown  the  mines  and  quarries  necessary 
for  the  support  of  blast  furnace  and  steel  mills,  the  furnaces, 
the  rolling  mills  turning  out  their  various  typesof  steel  jirod- 
ucts,  mills  for  fabricating  steel,  the  protluction  of  wire,  nails, 
fencing,  etc. 


SoMB  Members  of  the  Local  Committee 
Max  KuNiANSKy,  J.  F   Carle,  J.  T.  Mackenzie 


In  the  hope  that  those  expecting  to  attend  the  autumn 
meeting  may  read  these  hnes,  we  would  emphasize  the  im- 
portance of  those  traveling  by  rail  to  the  meetings  obtaining 
certificates  when  tickets  are  purchased  and  bringing  these 
tickets  for  certification  to  the  meeting.  This  should  be  done 
without  regard  to  whether  the  purchaser  expects  to  return  by 
the  same  route  or  not.  Those  traveling  to  Birmingham  prob- 
ably lost  $3000  because  there  were  insufficient  certificates  to 
entitle  the  holders  to  half  fare  on  the  return.  Had  all  those 
who  attended  from  a  distance  pre- 
sented certificates,  this  substantial 
saving  could  have  been  made. 

At  the  General  Meeting,  following 
the  warm  words  of  welcome  from 
■  Lieut.  Gov.  Miller  and  the  repre- 
sentative of  the  City  Commissioners, 
Dr.  EUwood  Hendrick  read  a  trib- 
ute to  the  work  of  Dr.  Baskerville, 
and  Dr.  W.  A.  Noyes  presented  a 
statement  concerning  the  work  of  the 
late  Ciamician.  He  also  paid  trib- 
ute to  the  work  of  von  Baeyer  and 
EmU  Fischer,  obituaries  of  whom  are 
to  appear  in  the  Journal  of  the 
Society. 

Before  opening  the  scientific  part 
of  the  morning's  program.  President 
Smith  referred  briefly  to  the  activi- 
ties of  the  Local  Sections  which  have 
most  impressed  him  on  his  visits 
during  the  past  year.  The  coopera- 
tion of  the  Rochester  Section  with 
the  city  Chamber  of  Commerce,  in 
such  economic  weKare  work  as  pro- 
curing pure  pasteurized  milk  for  the 
city  and  exterminating  rats  and  other 
dangerous  pests,  is  only  one  example 
of  what  this  active  Section  is  doing 
in  bringing  before  the  pubhc  the 
value  of  this  most  essential  science. 
The  monthly  pubhcations  of  the 
Sections,  he  said,  are  an  index  of 
those  who  conduct  these  enterprises.  For  example,  the 
Bulletin  of  the  Chicago  Section  is  breezy,  and  also  homey, 
and  holds  out  the  welcome  hand.  There  is  a  decidedly  whole- 
some, earnest ,  scientific  atmosphere.  He  urged  a  broad  knowl- 
edge of  chemistry.  "The  more  we  know  of  it  in  its  strange 
and  marvelous  appearances  the  better  for  us.  It  may  be 
analytical,  agricultural,  organic,  physical,  electro,  etc.,  but  it 
is  chemislry,  and  the  broader  our  training  and  equiprnent  the 
more  readily  will  we  be  able  to  follow  it  in  its  many  varieties. 
Lot  us  'prove  all  things  and  hold  fast  to  the  good.'  Let  us 
be  chemists,  with  contempt  for  no  one  of  the  forms  it  may 
assume  in  the  hands  and  under  the  guidance  of  minds  of 
honest,  broadly  trained  devotees  of  the  science." 

Once  more  it  has  been  demonstrated  that  meetings  of  the 
Society  can  [h\  held  with  great  success  at  some  distance  from 
the  center  of  pojiulation  or  where  the  Section  is  not  large, 
but  where  encouragement  to  local  members  of  the  Society 
and  the  advancement  of  our  profession  in  the  locality  fully 
repay  the  effort  involved. 
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The  Council  Meeting 

About  80  men  gathered  for  the  Council  Meeting  on  the 
evening  of  April  3  fit  the  Southern  Club.  In  his  introductory 
remarks,  made  in  his  well-known  happy  style,  Dr.  Smith 
called  attention  to  the  sHght  regard  given  the  technical  ex- 
perts at  the  recent  conference  for  the  limitation  of  arma- 
ment, and  noted  the  present  status  of  the  dye  embargo. 
The  Secretary  then  presented  a  letter  from  the  Chemical 
■  Foundation,  which  was  received  with  profound  thanks  from 
the  Council  on  behalf  of  the  Society.    The  letter  follows: 

February  27,  1922 
Dr.  Charles  L.  Parsons, 

Secretary  of  the  American  Chemical  Society, 
Mills  Building,  Washington,  D.  C. 

Dear  Dr.  Parsons: 

I  have  read  your  letter  of  January  10  and  sincerely  regret  that 
the  American  Chemical  Society,  because  of  lack  of  funds,  has 
been  compelled  to  stop  the  publication  of  the  Formula  Index 
and  to  cut  down  considerably  in  the  publication  of  scientific  and 
industrial  chemical  literature.  This  retrenchment  wjUbe  a  real 
blow  to  the  advancement  of  chemistry  in  this  country,  because 
chemical  progress  is  fundamental  to  the  health  and  industrial 
development  of  the  country. 

In  order  that  the  work  of  the  American  Chemical  Society 
may  continue  without  interruption,  the  Chemical  Fotmdation 
will  supply  the  money  needed  to  print  the  Formula  Index  and 
to  cover  the  retrenchment  which  the  Directors  thought  necessary 
up  to  S25,000  for  the  year  1922. 

Very  truly  yours, 

Francis  P.  Garvan 

In  this  connection  attention  was  particularly  called  to 
the  importance  of  increasing  the  membership  of  the  Society. 
While  recognizing  that  chemists  have  had  the. same  embar- 
rassments as  other  folks  during  the  last  year  or  so,  it  is  never- 
theless true  that  from  the  number  who  are  interested  in 
chemistry  in  this  country  it  ought  to  be  possible  for  us  to 
draw  a  sufficient  membership  to  make  it  unnecessary  to  seek 
support  from  other  sources  for  our  activities.  There  is  no 
question  that  industry  shows  a  trend  for  the  better,  and 
chemists  should  watch  their  opportunity  to  gain  additional 
members  for  the  Society. 

President  Smith  then  presented  the  report  of  the  Priestley 
Fund  Committee,  detaOs  of  which  appear  on  p.  4.58.  A 
letter  from  the  Patent  Commissioner  thanking  the  Society 
for  its  efforts  in  forwarding  the  work  of  the  Patent  Office 
was  presented,  and  then  came  the  welcome  news  that  the 
first  two  monogi-aphs  published  for  the  Society  by  the  Chemi- 
cal Catalog  Company  had  not  only  paid  their  way  but  had 
earned  certain  dividends  for  the  Society.  There  is  reason 
to  believe  that  the  ontne  series  will  be  very  successful  from 
aU  viewpoints.  A  resolution  was  adopted  that  publishers 
of  chemical  books  be  asked  in  the  future  to  indicate  the  date 
when  books  are  written  or  revised,  citing  these  same  dates 
in  announcements  concerning  the  volumes.  It  is  obvious 
that  the  printing  date  is  of  far  less  importance  to  scientific 
men  than  the  date  when  the  copy  was  actually  prepared. 
The  resolution  will  be  brought  to  the  attention  of  the  pub- 
lishers. 

The  Cellulose  and  Petroleum  Sections,  having  asked  to  be 
made  Divisions,  were  ad^dsed  that  when  by-laws  to  he  pre- 
sented at  the  Pittsburgh  Meeting  had  been  approved,  they 
would  be  advanced  to  the  status  of  Divisions.  The  Council 
then  voted  that  in  the  future  Sections  would  be  required  to 
go  through  a  probation  period  of  three  years  to  demonstrate 
the  justification  for  their  formation  and  the  hkelihood  of 
their  being  able  to  continue  in  active  work  before  they  would 
be  recognized  as  Divisions.  The  request  for  the  formation 
of  Local  Sections  in  Hawaii  and  at  Sacramento  were  granted. 
The  Morgantown,  W.  Va.,  request  was  approved,  subject 


to  waivers  being  given  by  the  Pittsburgh  Section  and  to  a 
possible  change  in  name  to  avoid  future  complications. 
After  extended  discussion  as  to  whether  or  not  the  Society 
favored  the  formation  of  Local  Sections  in  foreign  countries 
it  was  decided  that  no  change  should  be  made  for  the  present. 

The  invitation  from  the  New  Haven  Section  for  the  spring 
meeting  of  1923  was  accepted  by  unanimous  vote.  The  in- 
vitation of  San  Francisco  for  late  Julj'  or  early  August  1923 
was  then  presented,  and  the  advantages  of  California  were 
rehearsed  in  a  unique  manner  by  Dr.  E.  C.  Franklin,  who 
told  of  a  few  things  which  are  not  to  be  found  in  California, 
the  claims  of  enthusiasts  to  the  contrary  notwithstanding. 
Professor  R.  E.  Swain,  who  had  come  from  the  coast  for  the 
meeting,  urged  the  acceptance  of  the  invitation  when  the 
time  comes  for  the  vote.  The  possibility  of  our  being  in- 
vited to  Ithaca  upon  the  completion  of  the  new  laboratory 
in  1923  was  also  announced,  and  President  Smith  put  on 
record  the  invitation  of  Philadelphia  for  the  autumn  of  1926, 
that  being  the  fiftieth  anniversary  of  the  formation  of  the 
Society  and  the  time  of  the  sesquicentennial  exposition  to  be 
held  at  Philadelphia.  Prof.  WiUiam  McPherson  was  elected 
a  member  of  the  Advisory  Committee  to  succeed  H.  E. 
Howe.  Prof.  Henry  Clay  White  of  the  University  of  Georgia, 
Athens,  Ga.,  was  felicitated  for  his  fifty  years'  continuous 
service  in  the  department  of  chemistry  at  that  university. 

The  Council  passed  a  resolution  that  at  each  semiannual 
meeting  of  the  Society  announcement  should  be  made  of 
the  names  of  donors  who  had  made  gi-ants  for  the  promotion 
of  research  in  chemistry,  not  only  in  recognition  of  their 
generosity  but  for  the  purpose  of  caUing  the  attention  of 
others  to  the  desire  for  such  grants  in  an  ever-widening  field. 
A  motion  to  instruct  the  Directors  as  to  the  activities  which 
should  be  restricted  in  case  the  budget  exceeds  the  expected 
income  was  laid  on  the  table.  The  status  of  student  members 
was  then  discussed,  several  feeling  that  because  of  the  in- 
creased costs  of  printing  to  the  Society,  the  dues  of  student 
members  ought  to  be  advanced  in  conformity  with  advances 
made  in  the  dues  of  the  Society.  It  was  decided,  however, 
to  make  no  change  at  this  time. 

Authority  was  granted  to  delete  the  words  "the  journal  of" 
from  the  name  of  the  Journal  of  Industrial  and  Engineering 
Chemistry,  so  that  beginning  with  the  January  1923  number 
this  journal  wUl  be  known  as  Industrial  and  Engineering 
Chemistry.  The  President  was  authorized  to  appoint  a 
committee  of  seven  to  consider  a  number  of  suggestions  that 
have  been  made  relative  to  the  activities  of  the  Society  and 
its  various  officers  and  committees.  Some  have  suggested 
that  perhaps  our  Directors  should  be  elected  from  specified 
regions;  that  a  change  should  be  made  in  the  method  of 
electing  members  of  the  Society;  that  a  group  of  fellows  of 
the  Society  should  be  created,  to  be  elected  by  the  Council 
for  meritorious  work  in  chemistry.  Those  and  other  sug- 
gestions win  be  considered  by  the  committee  which  will 
endeavor  to  report  at  the  Pittsburgh  Meeting.  The  Council 
then  voted  to  reaffirm  its  former  decision  with  respect  to 
intersectional  meetings,  encouraging  these  meetings  wherever 
it  may  be  possible  to  hold  them,  particularly  for  the  benefit 
of  the  younger  men  who  find  it  inconvenient  to  attend  the 
spring  and  fall  meetings  of  the  Society  and  who  deserve  an 
opportunity  to  present  their  papers  before  larger  groups 
than  their  Section  meetings. 

The  final  discussion  of  the  Council  had  to  do  with  our 
emplojmient  problem.  (Report  is  printed  in  full  on  p.  456.) 
By  a  very  close  vote  the  Council  went  on  record  as  favoring 
the  estabhshment  of  an  employment  agency  which  would  be 
especially  interested  in  the  chemist,  but  by  an  overwhelming 
vote  thought  this  activity  should  not  be  under  the  auspices 
of  the  Ameeic.'in  Chemical  Society.    A  committee  was 
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authorized  to  confer  with  other  professional  men  who  are 
now  workins;  upon  this  same  question.  There  were  many 
\\'ho  felt  that  tlie  university  and  the  Local  Sections  have  in 
the  employment  question  an  unusual  opportunity  for  service 
to  their  chemists.  In  addition  to  these  activities  the  need 
for  a  central  clearing  house  and  coordinating  agency  was 
expressed. 


The  Flower  and  the  Organic  Chemist: 
Perfumes — Natural  and  Synthetic 

By  Marston  Taylor  Bogert 
Columbia  University,  New  York,  N.  Y. 

DE  gustibus  non  disputandttm  est  is  nowhere  more  clearly 
applicable  than  in  the  field  of  perfumes.  "One  man's 
spinach  is  another  man's  poison  ivy."  An  odor  highly 
pleasing  to  certain  individuals  may  be  exceedingly  disagreeable 
to  others.  The  dictionary's  definition  of  a  perfume,  as  "the 
scent  emitted  from  a  sweet-smelling  substance;  a  pleasant 
odor,"  therefore  does  not  help  us  to  standardize  perfumes,  or 
to  prove  that  all  odors  which  please  you  and  me  belong  ipso 
facto  in  that  category. 

In  the  absence  of  any  absolute  standard  of  reference,  we  must 
fall  back  upon  the  verdict  implied  in  the  extent  of  the  demand 
for  the  different  odors  and  the  price  which  such  perfume  sub- 
stances command;  a  verdict  which  naturally  will  vary  consider- 
ably from  year  to  year,  for  there  are  fads  and  fashions  in  this 
field  as  in  others,  and  will  not  be  identical  in  different  countries, 
or  even  among  different  classes  of  the  population  in  the  same 
country. 

In  man,  the  olfactory  cells  are  located  in  a  recess  in  the  upper 
back  portion  of  the  nasal  cavity,  away  from  the  direct  air  current 
to  the  lungs.  These  cells  have  fine  hairlike  tips  reaching  to  the 
surface  of  the  mucous  membrane  lining  the  cavity  and  exposed 
to  the  chemical  stimuli  of  odors,  while  backward  from  their 
bases  extend  long  slender  sensory  nerves  which  pass  through 
the  bone  and  into  the  skull  chamber  and  brain  stem,  there  con- 
necting through  their  end-brushes  with  the  dendrites  of  nerve 
cells,  whence  the  stimulus  travels  to  the  olfactory  area  of  the 
cortex,  there  to  be  received,  interpreted,  and  the  information 
utilized  or  filed.  These  olfactory  cells  are  unique  among  verte- 
brate sense  cells  in  being  provided  with  their  own  sensory  nerves, 
instead  of  depending  upon  the  sensory  axon  of  an  ordinary  nerve 
cell. 

To  stimulate  this  organ  and  produce  the  sensation  of  smell, 
particles  of  the  substance  must  be  brought  into  actual  physical 
contact  with  the  hair  tips  of  these  cells  in  the  mucous  lining, 
either  carried  by  a  current  of  air  or  by  diffusion  of  the  vapor, 
dissolving  in  the  moisture  of  the  olfactory  epithelium  and  there 
reacting  chemically  with  the  nerve  tips;  from  which  it  follows 
that  only  such  substances  can  possess  an  odor  as  are  at  least 
partially  volatile  at  the  temperature  of  observation.  It  has 
been  shown,  however,  that  liquid  carriers  may  also  be  used,  and 
that  odor  may  be  detected  when  odoriferous  substances  are  dis- 
solved in  saline,  or  other  suitable  menstrua,  and  taken  into  the 
nostrils.  This,  of  course,  suggests  the  possibility  of  a  stimulus 
to  the  olfactory  sense  by  a  solution  whose  solute  is  itself  too 
difficultly  volatile  to  give  off  any  perceptible  fragrance  at  ordinary 
temperatures.  It  is  worth  noting  that  in  such  cases, the  odor 
varies  with  the  concentration  of  the  odoriferous  substance  in 
the  liquid,  being  quite  different  in  strong  solutions  from  what 
it  is  in  dilute  ones.  The  theories  which  i)Ostulate  odor  as  due 
to  a  form  of  motion  of  the  ether,  and  its  transmission  as  similar 
to  that  of  sound  or  light,  appear  to  be  without  any  convincing 
experimental  jjroof. 


The  olfactory,  or  first  nerve,  is  hard  to  investigate  because 
its  receptive  surfaces  are  intimately  associated  with  those  of  the 
fifth  nerve,  which  is  a  nerve  of  common  sensation  (tactile). 
For  this  reason,  true  smells,  i.  e.,  those  substances  which  stimulate 
the  olfactory  only,  are  hard  to  separate  from  pungent  substances, 
like  vinegar,  which  stimulate  the  fifth  nerve  as  well. 

For  these  reasons,  Beaunis  arranged  all  substances  which 
affect  the  olfactory  mucous  membranes  in  three  groups:' 

1— Those  which  act  only  on  the  olfactory  nerve— (a)  pare 
scents,  or  perfumes,  without  pungency;  and  (b)  odors  with  a 
certam  pungency,  like  menthol. 

2— Those  which  stimulate  simultaneously  both  olfactory  and 
tactile  nerves,  like  acetic  acid. 

3— Those  which  stimulate  only  the  tactile  nerves,  like  carbon 
dioxide. 

Zwaardemaker,'  who  has  studied  the  subject  both  extensively 
and  intensively,  recognizes  nine  classes    of    pure  odors,  corre- 
sponding   to   Beaunis' 
first    class,    which    he 
designates  as   follows: 

1 — E  thereal,  or 
fruity;  characteristic  in 
general  of  the  fruits, 
and  due  in  most  cases 
to  the  presence  of  va- 
rious esters;  including 
also  beeswax,  and  cer- 
tain ethers,  aldehydes 
and  ketones. 

2 — Aromatic,  which 
is  further  divided 
into: 

(a)  Camphoraceous: 
borneol,      cam- 
phor,   eucalyp- 
tol. 
(6)  Spicy:        eugenol, 
ginger,    pepper, 
cinnamon,   cas- 
sia,   mace. 
(c)    Anise-lavender: 

anethol,   laven- 
der,      menthol, 
thymol,  safrol,  peppermint. 
Cd)  Lemon-rose:  geranio!,  citral,  linalyl  acetate,  sandalwood. 
(e)  Amygdaline:  benzaldehyde,  oil    of    bitter    almonds,    nitrobenzene, 
prussic  acid,  salicyl  aldehyde. 

3 — Fragrant,  or  balsamic,  composed  of: 

(a)   Floral;  jasmine,    ylang-ylang,    orange    blossoms,    lilac,    terpintol, 

lily  of  the  valley. 
(6)  Lily:  lily,    tuberose,    narcissus,    hyacinth,    orris,     violet,    ionone, 

mignonette. 
(c)   Balsamic:  vanillin,  piperonal,  coumarin,  balsams  of  pern  and  tolu. 

4 — Ambrosial:  musk  and  amber.  This  odor  is  present  in 
the  flesh,  blood  and  excreta  (referable  to  the  bile)  of  certain 
animals. 

5 — Alliaceous,  or  garlic:  onion,  garlic  and  many  compounds 
of  S,  Se,  Te  and  As;  and  subdivided  as  follows: 

(a)   Alliaceous;  hydrides  of  ,S,  Se  and  Te,  mercaptans,  organic  sulfides, 

thioacetonc,  asafetida. 
(6)   Cacodyl-fish   odors;  hydrides   of    P   and    As,   cacodyl   compounds, 

(CH,)jN. 
(c)   Bromine  odors;  Br,  CI,  I,  quinonc. 

6 — Empyreumatic,  or  burnt:  as  in  tar,  baked  bread,  roasted 
coffee,  tobacco,  benzene,  naphthalene,  phenol,  and  products  of 
dry  distillation  of  wood. 

7 — Hircine,  or  goat:  due  in  the  case  of  this  animal  to  the 
caproic  and  caprj'Iic  esters  contained  in  the  sweat,  and  typified 
also  by  perspiration  and  cheese. 

8— Repulsive:  such  as  are  given  off  by  many  of  the  narcotic 
plants  and  by  acanthus. 

'  Stewart,  "Textbook  of  Physiology." 
'  "PhvsioloKie  dcs  Gcruchs,"  1896,    233. 
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9 — -Nauseating,  or  fetid:  as  given  off  by  products  of  putre- 
faction (feces,  etc.),  and  by  certain  plants. 

Unfortunately,  we  have  no  words  to  represent  shades  of  odor, 
as  we  have  for  colors. 

The  psychologists,  as  the  result  of  Henning's  investigations, 
incline  to  the  opinion  that  there  are  but  six  elementary  odors:' 

1 — Spicy,  found  in  pepper,  cloves,  nutmegs,  etc. 

2 — Flowery,  found  in  heliotrope,  etc. 

3 — Fruity,  found  in  apple,  orange  oil,  vinegar,  etc. 

4 — Resinous,  found  in  turpentine,  pine  needles,  etc. 

5 — Foul,  found  in  hydrogen  sulfide,  etc. 

6 — Scorched,  found  in  tarry  substances. 

and  that  all  others  are  made  up  of  blends  of  these  six  in  varying 
proportions. 

Dr.  Septimus  Piesse  maintained  that  inasmuch  as  every  per- 
fume produces  its  own  peculiar  effect  upon  the  olfactory  cells, 
just  as  every  musical  note  has  its  own  characteristic  action  upon 
the  ear,  therefore  all  odors  can  be  arranged  in  a  scale  or 
gamut,  corresponding  to  the  musical  scale;  and  he  actually 
constructed  such  a  scale  of  perfimies,  each  note  of  the  musical 
gamut  having  its  corresponding  perfume,  the  heavy  odors  (pat- 
chouli, vanilla,  etc.)  representing  the  low  notes,  and  the  sharp 
odors  (peppermint,  citronella,  etc.)  the  high  ones.  This  he 
termed  his  "odophone,"  and  asserted  that  no  proper  blend  could 
be  made  unless  the  component  perfumes  harmonized  in  the  scale. 
Thus,  the  chord  of  C,  for  example,  would  constitute  a  har- 
monious blend. 

The  organic  chemist's  method  of  attack  upon  this  problem 
of  classification  of  odors  will  be  explained  a  little  later.  Most 
of  us  rest  content  with  just  two  classes:  agreeable  and  disagree- 
able. 

No  sense  is  more  marvelously  delicate  than  that  of  smeU, 
nor  is  any  more  potent  in  awakening  our  memories  and  our  emo- 
tions. Some  people  may  be  indifferent  to  music,  but  those  im- 
affected  by  odors  are  rare  indeed.  A  breath  of  perfume  brings 
instantly  before  our  vision  past  scenes  with  all  their  pain  or 
pleasure.  Kipling  recognized  this  when  he  wrote:  "Smells  are 
surer  than  sounds  and  sights,  to  make  the  heart  strings  crack." 
From  certain  odors  we  recoil  instinctively,  not  because  they  are 
intrinsically  impleasant,  but  because  of  the  associations  they 
recall;  while  others,  perhaps  unattractive  to  our  fellows,  possess 
a  peculiar  fascination  for  us.  The  recognition  of  a  perfume  is 
practically  instantaneous,  as  is  the  picture  it  conjures  up.  It 
is  like  suddenly  glimpsing  a  familiar  face  in  a  passing  crowd. 

The  olfactory  cortical  center  in  the  hippocampal  lobe  is  known 
to  be  widely  coimected  with  other  parts  of  the  cerebrum,  arid 
this  probably  explains  the  extensive  associations  connected 
with  odors,  and  the  excellence  of  our  olfactory  memories.  In 
animals  like  the  dog,  with  highly  developed  olfactory  organs, 
and  among  the  invertebrates,  it  is  intimately  connected  with 
the  sexual  reflexes,  and  some  remnant  of  this  relationship  is 
found  in  the  human  organism.  Comparative  anatomy  reveals 
the  interesting  fact  that  phylogenetically  smelling  is  the  oldest 
sense  of  all,  and  it  is  also  true  that  it  gives  pleasant  or  unpleasant 
sensations  in  a  more  marked  and  general  way  than  either  sight 
or  hearing.  Of  the  so-called  special  senses,  it  appears  to  be 
the  one  most  closely  connected  with  animal  appetites,  and 
Howell*  is  led  to  remark  that  "over-gratification  or  over-indul- 
gence of  this  sense,  according  to  historical  evidence,  has  at  least 
been  associated  with  periods  of  marked  decadence  of  virtue 
among  civilized  nations." 

It  is  also  one  of  the  senses  particularly  susceptible  to  "adap- 
tation," i.  e.,  a  diminution  or  cessation  of  the  sensation  in  spite 
of  the  continuance  of  the  stimulus,  a  phenomenon  probably 
akin  to  fatigue.  Both  individuals  and  odors  show  widely  di- 
vergent behavior  in  this  respect.     Some  odors  quickly  fatigue 

»  Woodworth,"  Psychology,"  203. 
♦"Physiology,"  305. 


or  benumb  the  sense  of  smell  in  nearly  all  persons;  whereas, 
with  other  smells,  only  a  few  individuals  will  gradually  lose  their 
ability  to  detect  them  while  remaining  in  the  same  atmosphere. 
Drugs  that  act  centrally  may  stimulate  or  depress  the  sensation. 
Thus,  strychnine  and  caffeine  stimulate  it,  while  choral  depresses 
it.  The  application  of  cocaine  to  the  nasal  mucous  membranes 
totally  paralyzes  the  sense  of  smell.  In  disease,  changes  in  the 
nerve  may  occur,  occasionally  resulting  in  total  loss  of  this  sense 
(anosmia). 

The  actual  amount  of  an  odor  which  can  be  clearly  perceived 
by  man  is  in  many  cases  exceedingly  minute.  Camphor  is 
detected  in  a  dilution  of  one  part  in  400,000 ;  musk  in  1 : 8,000,000 ; 
vanillin  in  1:10,000,000.  Vallentine  fotmd  that  1/120,000  of 
a  grain  of  oil  of  rose  was  all  that  was  necessary;  while  Fischer 
and  Pentzoldt  determined  that  1/460,000,000  of  a  milligram  of 
mercaptan  was  the  approximate  minimum  amount  coming  into 
contact  with  the  olfactory  nerves  and  immediately  recognized 
by  them.  The  pleasant  odor  of  the  soil  was  ascribed  by  Berthe- 
lot,  the  distinguished  French  chemist,  to  traces  of  an  unidentified 
camphoraceous  body,  of  so  powerful  a  fragrance  that  even  a 
trillionth  of  a  milligram  gave  a  clearly  perceptible  smell. 

In  man,  the  acuteness  of  the  sense  varies  widely.  Some 
few  individuals  appear  to  lack  it  entirely,  i.  e.,  are  smell-blind. 
It  is  perhaps  surprising  to  find  that,  on  the  average,  it  is  much 
more  delicate  in  males  than  in  females.  By  practice,  it  may  be 
extraordinarily  developed,  as  we  see  in  our  own  North  American 
Indians,  and  in  some  African  races  and  aboriginal  tribes,  who 
can  track  enemies  almost  like  a  hound.  Among  practical  per- 
fuiners,  it  is  also  found  cultivated  in  high  degree,  especially 
on  the  analytical  side.  A  blend,  which  the  layman  thinks  is  a 
simple  perfume,  is  recognized  immediately  by  the  expert  as  a 
composite,  many  or  all  of  whose  elements  are  entirely  familiar 
to  him. 

One  of  the  beneficent  provisions  of  Nature  consists  in  a  sharpen- 
ing of  other  senses  when  some  one  sense  is  lost.  It  is  Nature's 
way  of  doing  her  best  to  compensate  for  the  damage  suffered. 
A  group  of  humanitarian  Parisian  perfmners  are  engaged  in  train- 
ing men  who  were  blinded  in  the  war  to  become  experts  in  evalu- 
ating odors,  not  only  as  a  measure  of  reconstruction,  but  also 
in  the  well-grounded  belief  that  a  blind  man,  freed  from  any 
distractions  associated  with  vision,  should  make  a  perfumery 
expert  of  the  first  rank. 

Yet  more  amazingly  acute  is  this  sense  in  other  members  of 
the  animal  kingdom.  The  ability  of  dogs  to  follow  a  scent  to 
which  the  human  nose  is  wholly  blind  is  a  familiar  example, 
as  is  also  the  scenting  of  hidden  carrion  by  vultures  at  incredible 
distances.  Pliny  affirmed  that  carrion  crows  •  have  so  keen  a 
sense  of  approaching  corruption  that  they  can  scent  death  three 
days  before  actual  dissolution,  and  hence  sometimes  pay  the 
moribund  a  visit  before  his  time,  to  avoid  disappointment. 
This  is  perhaps  the  origin  of  the  popular  superstition  that  such 
a  visit  forebodes  death. 

The  shark,  which  is  among  the  more  active  and  intelligent 
of  the  fishes,  has  an  olfactory  membrane  which,  if  spread  out, 
would  cover  some  12  square  feet. 

Many  insects  are  strongly  odoriferous,  and  the  odors  emitted 
are  nearly  always  disagreeable.  Insects  also  possess  a  remark- 
ably developed  sense  of  smell,  the  olfactory  organs  being  located 
mainly  or  exclusively  on  the  antennae,  in  the  form  of  specially 
modified  sense  hairs,  or  sensillae,  which  are  particularly  highly 
developed  in  insects  with  the  sharpest  sense  of  smell  {e.  g.,  in 
ichneumon  flies).  Huber  has  shown  that  bees  are  greatly  ex- 
cited by  the  smell  of  their  own  sting  poison,  and  that  they  dis- 
like musk,  but  have  no  aversion  to  asafetida.  Bomare's  experi- 
ments indicate  that  the  friendly  bedbug  {Cimex  lectiilarius) 
is  attracted,  not  as  popularly  supposed  by  the  warmth  of  the 
couch,  but  by  the  scent  of  his  victim.  It  is  not  unlikely  that 
other  hmuan  parasites  and  insect  enemies,  e.  g.,  mosquitoes. 
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gnats,  etc.,  also  locate  their  prey  similarly  in  the  dark.  The 
Arum  dratunctilus  bears  a  large  liver-colored  flower,  and  exhales 
a  stink  which  is  so  fetid  and  carrion-like  that  blow-flies,  carrion 
flies,  and  other  slaughter-house  frequenters  are  said  to  mistake 
this  flowier  for  putrid  meat  and  flock  to  it  from  all  directions 
there  to  deposit  their  eggs. 

Some  of  the  most  interesting  researches  are  those  which  have 
been  conducted  with  ants,'  insects  which  can  perceive  odors 
either  diffused  in  the  air  or  dissolved  in  liquids.  The  tactile 
and  olfactory  sensillae  are  so  closely  associated  on  the  antennae 
that  when  the  latter  actually  touch  an  object,  the  ant  probably 
receives  both  tactile  and  olfactory  stimuli  simultaneously,  which 
Forel  believes  fuse  to  a  single  sensation  and  which  he  calls  the 
topo-chemical,  or  contact-odor  sensation,  and  endows  the  ant 
with  a  sense  of  odor-shape.  He  explains  this  by  suggesting  that 
we  imagine  ourselves  either  blind  or  in  total  darkness,  but  pos- 
sessed of  exceedingly  delicate  olfactory  organs  in  our  finger  tips. 
As  we  moved  about,  then,  touching  various  objects,  our  environ- 
ment would  appear  to  us  to  be  made  up  of  odors  of  different 
shapes,  and  we  would  speak  of  spherical  perfumes,  oblong  stinks, 
etc.  Our  mental  processes  would  be  governed  by  a  cosmos  of 
chemical  configurations,  just  as  they  are  now  by  a  world  of  visual 
(i.  e.,  color)  shapes.  As  ants  spend  most  of  their  time  in  the 
dark  recesses  of  the  nest  and  rely  but  little  upon  their  eyesight, 
it  is  evident  that  their  mental  processes  must  be  quite  different 
from  our  own.  These  insects  also  exhibit  remarkable  powers 
of  odor-discrimination  and  odor-association,  enabling  them 
not  only  to  distinguish  the  smells  characteristic  of  species,  caste, 
sex,  and  individual,  as  well  as  the  adventitious  odors  of  the  nest 
or  surroundings,  but  also  (according,  to  Miss  Fielde)  even  pro- 
gressive odors,  due  to  the  changing  physiological  condition  of 
the  individual  with  advancing  age,  a  refinement  which  in  the 
case  of  humans  might  save  us  many  complications  and  em- 
barrassments. 

The  use  of  sweet-smelling  substances  appears  to  have  origi- 
nated in  religious  worship,  to  which  service  they  were  for  some 
time  wholly  consecrated,  and  it  is  from  Persia  that  we  first  hear 
of  them.  The  caravan  which  carried  Joseph  captive  into  Egypt 
was  engaged  in  this  traffic  between  the  latter  country  and  Persia. 
Alexander  the  Great,  after  his  defeat  of  Darius,  found  in  the 
latter's  camp  great  treasure  of  perfumes  and  precious  salves. 

Among  the  Jews  such  material  was  consecrated  to  the  church, 
and  in  the  Bible  several  passages  occur  where  they  are  rebuked 
by  their  prophets  for  using  them  upon  the  person.  Sweet 
balsams  and  gums  are  frequently  mentioned  in  the  life  of  our 
Saviour.  At  His  birth,  frankincense  was  offered  Him  by  the 
Wise  Men,  later  Mary  annointed  His  feet  with  precious  oint- 
ment, and  after  His  crucifixion  Joseph  of  Arimathea  placed  His 
body  in  the  tomb  with  balm  and  sweet  spices.  It  was  this 
custom  which  originated  our  word  "embalm." 

The  Greeks  always  described  their  gods  as  being  redolent  of 
ambrosia  and,  according  to  their  mythology,  man  would  have 
had  no  knowledge  of  perfumes  had  it  not  been  for  the  indis- 
cretion of  Oenone,  one  of  the  nymphs  of  Venus.  As  early  as 
300  B.  C,  Appolonius  wrote  a  treatise  upon  perfumes,  in  which 
he  speaks  of  essence  of  rose,  iris,  and  others,  mentioning  the 
localities  producing  the  finest  quality.  The  Athenians  even 
had  special  perfumes  for  various  parts  of  the  body — palm  oil 
for  the  cheeks  and  breast,  mint  for  the  arms,  marjoram  oil  for 
the  hair  and  eyebrows,  thyme  for  the  neck  and  chin,  but  the 
odor  of  the  violet  was  prized  most  highly  by  them,  even  as  it 
is  with  us  at  the  present  day.  The  use  of  perfumes  became  such 
a  craze  that  the  perfume  shops  of  Athens  were  the  general 
rendezvous,  where  matters  of  state  were  discussed,  fashions 
talked  over,  and  stories  exchanged,  and  it  was  just  as  natural  for 
an  Athenian  woman  to  say  "Meet  me  at  the  perfumer's,"  as  it 
would  be  for  a  New  Yorker  to  say  "Meet  me  at  the  theater." 

•Sec  W.  M.  Wheeler's  "Ants." 


At  fashionable  entertainments  the  rooms  were  often  perfumed, 
and  occasionally  trained  doves,  whose  wings  had  been  previously 
wetted  with  the  most  delightful  essences,  were  allowed  to  fly 
about,  the  vibration  of  their  wings  raining  perfume  down  upon 
the  heads  of  the  assembled  guests.  Solon'  finally  proposed  a  law 
restricting  the  sale  of  perfumes,  so  that  none  should  be  sold  to 
men,  at  least;  and  Socrates  bitterly  complained  because  the 
slave  and  the  freeman,  when  perfumed,  smelt  exactly  alike. 

From  Greece,  the  use  of  perfumes  traveled  to  Rome,  where 
it  was  similarly  abused.  Thus,  it  is  said  that  Nero,  at  the  funeral 
of  his  wife  Poppaea,  used  more  perfumes  than  all  Arabia  then 
furnished  in  a  whole  year.  Pliny  raised  his  voice  against  such 
excessive  use,  and  under  the  Consul  Licinius  Crassus  a  law  was 
passed  restricting  the  use  of  perfume  substances,  so  that  the 
churches  should  not  lack.  It  is  amusing  to  read  that  Plancus, 
proscribed  by  the  triumvirs  and  pursued  by  their  soldiers,  took 
refuge  in  a  cave,  but  his  hiding  place  was  betrayed  by  the  per- 
fume issuing  therefrom. 

The  overthrow  of  Rome  obliterated  the  commerce  of  Europe, 
and  perfumes  disappeared  from  the  Continent  until  brought 
back  by  the  Moors  from  Arabia.  In  this  latter  country,  their 
use  had  never  ceased,  and  whole  districts  were  devoted  to  raising 
flowers  for  this  sole  purpose.  The  "black-eyed  houris"  of  the 
Koran,  were  not  to  consist  of  ordinary  flesh  and  blood,  but 
"of  purest  musk."  The  Arabian  physician  Avicenna,  in  the 
tenth  century,  practiced  the  art  of  distilling  perfumed  waters; 
and  in  the  twelfth  century  rose  water,  and  possibly  others  also, 
was  available  in  large  amount,  for  on  the  entry  of  Saladin  into 
Jerusalem,  in  1157,  the  walls  of  the  Mosque  of  Omar  had  been 
previously  washed  with  it. 

From  the  settlements  of  the  Moors,  the  use  of  perfixmes  spread 
to  France,  where  it  soon  became  general  and  lavish,  reaching 
its  climax  at  the  court  of  Louis  XV,  where  the  royal  rooms  were 
perfumed  each  day  with  a  different  odor,  and  where  it  was  deemed 
an  act  of  gallantry  for  a  courtier  to  use  the  favorite  perfume  of 
the  lady  he  courted,  just  as  the  knight  carried  his  lady's  colors. 

Perfumes  are  said  to  have  been  introduced  into  England  by 
the  Count  of  Oxford,  who  brought  some  from  Italy  in  the  fifteenth 
year  of  the  reign  of  Queen  Elizabeth,  and  their  use  appears  to 
have  been  carried  to  extremes  there  also,  for  in  1770  the  English 
Parliament  passed  a  law  which  provided  that  "any  woman,  of 
whatsoever  rank,  profession,  or  condition,  girl,  woman,  or  widow, 
who,  subsequent  to  the  date  of  this  Act,  shall  deceive,  entice, 
or  influence  to  marriage,  any  of  Her  Majesty's  subjects  by  the 
aid  of  Perfumes,  False  Hair,  High  Heels,*****,  shall  be  subject 
to  the  same  penalty  as  that  now  in  force  against  sorcery,  and 
the  marriage  shall  be  declared  void  and  of  no  effect." 

To-day  the  use  of  perfumes  has  spread  over  the  world,  and 
has  extended  to  all  classes  of  the  community,  with  a  steadily 
increasing  demand.  It  has  given  birth  to  an  independent  and 
important  industry,  regulated  mainly,  it  is  true,  by  fashion 
and  the  taste  of  the  consumer,  but  which  nevertheless  gives 
employment  to  thousands  of  men,  women,  and  children,  urges 
on  the  botanist  to  search  for  new  plants  containing  odoriferous 
oils  or  resins,  busies  the  engineer  with  devising  new  machinery 
for  their  extraction,  and  gives  to  the  chemist  the  fa.scinating 
problem  of  determining  the  composition  of  these  perfumes  and 
of  reproducing  or  imitating  them  in  his  laboratory. 

The  animal  kingdom  supplies  us  with  but  few  valuable  aro- 
matics,  musk,  civet,  castor,  and  ambergris  being  the  only  im- 
portant ones.  By  far  the  greater  number  come  from  plants, 
where  they  occur  as  the  volatile  or  essential  oils,  or  as  the  giun 
resins.  The  essential  oils  are  contained  in  various  parts  of  the 
plant:  sonietiines  in  the  wood,  as  santal,  cedar,  etc;  the  bark, 
as  ciiniamon  and  cassia;  the  leaves,  as  patchouli,  bay,  thyme; 
the  flowers,  as  rose,  lavender,  violet,  tuberose,  etc.;  the  fruit, 
as  lemon,  citron,  nutmeg;  or  the  seeds,  as  almond  and  caraway. 
As  examples  of  gum  resins,  on  the  other  hand,  we  have  storax^ 
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benzoin,  tolu,  opoponax,  olibanum,   the   latter  being  the  gum 
usually  burned  as  incense. 

The  essential  oils  and  other  odoriferous  constituents  are  usually 
obtained  from  the  plant  by  one  or  more  of  the  following  processes: 

MECHANICAL  METHODS — In  some  few  cases,  the  essential 
oil  is  present  in  such  large  amounts  that  it  can  be  separated 
by  simple  mechanical  means.  This  is  true  of  the  essential  oils 
found  in  the  peels  of  lemons,  and  of  the  sweet  and  bitter  oranges. 
The  oil  cells  may  be  ruptured  by  pressure,  manual  or  mechanical, 
or  by  perforation  with  sharp  instruments.  The  process  in  vogue 
in  Sicily  and  southern  Italy,  where  labor  is  cheap,  is  the  "spugna," 
or  sponge  process,  the  peels  being  turned  inside  out  by  hand  while 
pressing  against  an  ordinary  sponge.  The  inversion  of  the  peel 
breaks  the  oil  cells,  and  the  oil  and  moisture  contained  squirts 
out  into  the  sponge,  instead  of  into  the  eye  of  the  operator. 
As  the  sponge  becomes  saturated,  it  is  squeezed  out,  the  yield 
averaging  about  1,5  pounds  of  oil  per  man  per  day.  In  the 
United  States,  where  labor  is  high,  power  presses  have  been 
used  for  recovering  citrus  oils  in  California. 

The  "ecuelle"  process  of  Northern  Italy  utilizes  a  saucer- 
shaped  vessel,  8  to  10  inches  in  diameter,  and  studded  inside 
with  short  spikes  or  knives  about  one-quarter  inch  long,  and 
with  a  half-inch  hole  in  the  center,  opening  into  a  hollow  tube 
handle  some  4  or  5  inches  long.  As  the  fruit  is  rotated  in  this 
saucer,  the  oil  cells  are  punctured  and  the  oil  flows  down  and 
collects  in  the  hollow  handle.  Apparatus  has  also  been  devised 
for  carrying  out  the  same  process  mechanically  on  a  large  scale. 

DISTILLATION  WITH  STEAM — The  proper  part  of  the  plant  is 
placed  in  a  still  and  distilled  in  a  current  of  steam.  This  steam 
may  be  generated  outside  the  still  and  passed  into  it,  or  water 
may  be  added  direcf  to  the  still  contents  and  the  steam  generated 
by  boiling  the  same,  or  the  two  methods  may  be  combined. 
As  the  steam  passes  over,  it  carries  with  it  the  essential  oil,  and 
the  two  are  condensed  and  collected  together.  Insoluble  oils 
or  constituents  separate  from  the  water  in  the  distillate,  while 
the  soluble  portions  remain  in  solution  in  the  aqueous  layer. 
Not  infrequently,  sufficient  of  the  perfume  is  thus  held  in  the 
aqueous  distillate  to  render  the  product  of  economic  value. 
"Rose  water"  is  such  a  by-product  separated  from  the  insoluble 
oil  or  attar  of  rose. 

This  is  the  process  by  which  the  vast  majority  of  essential 
oils  are  obtained,  and  is  applicable  to  practically  all,  although 


not  always  giving  the  best  results.  It  is  an  economical  method, 
both  from  the  standpoint  of  the  labor  involved  and  the  simplicity 
of  the  apparatus  required,  unless  the  oil  present  is  easily  soluble 
in  water,  or  is  relatively  small  in  amount.  Further,  it  is  not 
satisfactory  where  the  perfume  substance  is  itself  affected  by 
the  steam,  as  is  true  with  most  of  the  flower  aromas.  For  such 
odors,  one  of  the  following  processes  is  customarily  employed. 
EXTRACTION  WITH  VOLATILE  SOLVENTS  (petroleum  ether, 
benzene,  etc.),  comprising  the  four  steps: 

1 — Selection  and  purification  of  the  solvent. 

2 — Systematic  extraction  of  the  flowers  in  batteries  of  extractors. 
3 — Evaporation    of    the    solvent,    leaving    a    vegetable    wax    saturated 
with  the  perfume  {cire  parfumeer), 
4 — Recovery  of  the  solvent. 

The  extracts  left  after  evaporation  of  the  solvent,  known  also 
as  "concretes,"  are  shaken  with  strong  alcohol,  which  dissolves 
out  the  perfume,  these  tinctiu-es  being  then  called  "floral  ex- 
tracts" (extraits  aux  flettrs).  By  separating  the  pure  flower 
oil  from  its  solution  in  the  alcohol,  the  "quintessences"  are  ob- 
tained. 

Using  petroleum  ether  as  solvent,  the  yields  of  concretes  run 
somewhat  as  follows,  per  ton  of  flowers: 


Victoria  violets 

3.0  to 

3.6  lbs 

Roses 

3.4  to 

5.0  lbs 

Orange  blossoms 

4.0  to 

8.0  lbs 

Jasmine 

3.2  to 

4.5  lbs 

Cassie 

7.0  to 

10,0  lbs 

Mignonette 

2.6  to 

3.0  lbs 

In  addition  to  the  flowers  mentioned  above,  extraction  with 
volatile  solvents  is  applied  also  to  tuberose,  jonquil,  and  occasion- 
alls'  to  carnations,  lily  of  the  valley,  heliotrope,  narcissus,  mimosa, 
and  others. 

A  disadvantage  under  which  it  sometimes  labors  is  the  fact 
that  the  other  substances  also  extracted  by  the  solvent  may 
affect  unfavorably  the  fine  quality  of  the  perfume. 

MACERATION,      INFUSION,      OR      ENFLEURAGE      A      CHAUD — The 

housewife  knows  to  her  sorrow  with  what  avidity  butter  and 
other  fats,  as  well  as  milk  (on  account  of  the  butter  fat  it  con- 
tains), imbibe  odors  of  any  kind  in  the  refrigerator,  and  this 
property  is  utilized  by  the  practical  perfume  manufacturer  to 
collect  the  aroma  from  the  flowers. 
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In  the  inaccrcitioii.  or  warm  absorption  process,  the  flowers, 
either  in  bulk  or  in  line  linen  sacks,  are  soaked  in  warm  (50°  to 
70°  C.)  oil  or  molten  fat  (lard,  tallow,  olive  oil,  etc.)  until  the 
perfume  is  all  removed,  when  the  fat  is  separated,  by  pressing 
or  centrifuging,  and  fresh  flowers  added  to  it,  the  operation  being 
repeated  (six  to  fifteen  times)  until  the  fat  is  thoroughly  satu- 
rated with  the  perfume.  The  duration  of  this  digestion  varies 
from  comparatively  brief  periods  up  to  forty-eight  hours;  gener- 
ally, the  longer  the  digestion,  the  greater  the  yield,  but  the  lower 
the  quality.  Fats  thus  impregnated  with  perfume  come  into 
the  market  under  the  name  of  "pomades,"  the  perfume  being 
then  extracted  from  them  by  treatment  with  strong  alcohol. 

The  process  is  used  with  violets,  roses,  orange  blossoms,  lily 
of  the  valley,  and  some  others,  but  not  with  jasmine,  tuberose, 
or  jonquil,  on  account  of  the  low  yields  and  inferior  quality. 

ENFLEtJRAGE  A  FROiD,  OR  COLD  ABSORPTION — The  perfume 
exhaled  by  the  jasmine,  tuberose,  jonquil,  lily  of  the  valley, 
and  mignonette  is  best  collected  by  the  cold  absorption  or  en- 
fleurage  process,  the  aroma  being  taken  up  by  thin  layers  of 
cold  fat  or  wax.  The  mixture  generally  used  in  southern  France 
consists  of  40  per  cent  beef  fat  and  60  per  cent  lard,  except  in 
the  hottest  part  of  the  season,  when  a  50:  50  mixture  is  preferable. 
Both  fats  must  be  purified  with  the  most  scrupulous  care,  as 
the  character  of  the  resultant  pomade  depends  first  and  fore- 
most upon  the  quality  of  the  fats. 

The  mixture  is  spread  to  the  depth  of  about  one-eighth  inch 
upon  both  sides  of  glass  plates  which  are  supported  in  the  middle 
of  open  wooden  frames,  or  "chassis,"  two  inches  deep,  and 
twenty  to  thirty-two  inches  square.  The  flowers,  freed  from 
their  calices,  are  spread  over  the  layer  of  fat  on  one  side  of  the 
glass  plate,  crisscross  furrows  having  been  made  previously  in 
the  fat,  so  as  to  increase  the  surface  exposed. 

The  frames  filled  with  flowers  are  then  piled  up,  one  on  top 
of  the  other,  in  stacks  as  high  as  the  operator  can  reach  conven- 
iently, thus  leaving  the  flowers  enclosed  in  shallow  compart- 
ments, the  perfume  exhaled  being  imbibed  by  the  fat  upon  which 
the  flowers  repose  and  by  the  layer  upon  the  under  surface  of 
the  glass  plate  immediately  above.  The  length  of  exposure 
varies,  being  24  hours  for  jasmine,  48  for  jonquil,  and  72  for 
tuberose.  The  last  named  must  be  placed  upon  the  fat  in  the 
unopened  condition  and  there  allowed  to  expand,  or  it  will  be 
spoiled  by  the  next  day.  After  suitable  exposure,  the  flowers 
are  removed,  the  frames  turned  upside  down,  and  fresh  flowers 
spread  on  what  was  previously  the  under  side  of  the  glass  plate, 
and  the  frames  then  stacked  up  again.  By  thus  alternating  the 
surfaces  carrying  the  flowers,  a  more  even  distribution  of  the 
aroma  in  the  fat  is  accomplished.  For  high-grade  pomades, 
the  fat  must  be  exposed  to  at  least  thirty  different  changes  of 
fresh  flowers.  Where  liquid  oils  are  used,  instead  of  solid  fats, 
the  glass  plates  of  the  chassis  are  replaced  by  wire  screens  which 
support  woolen  cloths  saturated  with  the  oil. 

As  before,  the  perfume  is  extracted  from  the  pomade  with 
strong  alcohol,  the  small  amount  of  fat  so  dissolved  separated 
by  freezing,  and  from  these  purified  extracts  the  essences  are 
recovered  by  removal  of  the  alcohol. 

From  the  standpoint  of  the  perfume  manufacturer,  flowers 
fall  into  two  classes:  (1)  Those,  like  the  rose  and  orange  blossom, 
which  contain  their  perfume  ready  made  and  immediately  avail- 
able in  full  amount;  and  (2)  those,  of  the  jasmine  and  tube- 
rose class,  which  when  first  picked  appear  to  contain  but  small 
amounts  of  essential  oil,  but  keep  on  producing  it  continuously 
as  part  of  the  life  functions  of  the  cell.  If  flowers  of  the  latter 
group  are  treated  with  steam  or  hot  solvents,  they  are  killed 
and  the  further  production  of  perfume  ceases;  but  when  the  cut 
bloom  is  placed  over  cold  fat,  it  continues  to  live  for  many  hours 
and  to  give  ofl  perfume  uninterruptedly.  So,  Hesse'  found  that 
ten  times  as  much  perfume  was  recovered  from  jasmine  flowers 
by  the  cold  enfleurage  process  as  by  extraction  with  volatile 
solvents;  in  the  case  of  the  tuberose,  the  difference  is  still 
greater. 

In  flowers  of  the  first  group,  however,  larger  yields  are  often 
secured  by  the  other  methods.  In  the  case  of  orange  blossoms, 
for  example,  it  has  been  shown'  that  a  ton  of  blo.ssoms  yields 
only  0.2  pound  of  flower  oil  to  cold  enfleurage,  whereas  macera- 
tion gives  0.8  pound,  and  distillation  with  steam   2.4    pounds, 

•  Bee,  34  (1901),  293,  2928;  36  (1903),  140.'".. 
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in  the  latter  case  0.8  pound  of  this  total  remaining  dissolved 
in  the  aqueous  portion  of  the  distillate. 

For  centuries,  southern  France,  with  its  balmy  climate  and 
mountain  barriers  against  the  cold  winds  of  the  north,  has  been 
the  world's  most  famous  region  for  this  industry,  having  suc- 
ceeded to  the  position  occupied  in  ancient  times  by  Arabia  and 
its  surrounding  territory.  Even  the  early  Romans  were  accus- 
tomed to  bring  perfumes  from  Gaul,  and  under  Louis  XII  France's 
export  trade  in  such  material  was  firmly  established.  Reference 
has  already  been  made  to  the  lavish  use  of  perfumes  at  the 
court  of  Louis  XV,  where  Mme.  de  Pompadour  is  said  to  have 
spent  50,000  francs  per  annum,  a  fabulous  sum  in  those  days, 
on  perfumes  alone. 

The  French  Revolution  harmed  such  substances  totally,  but 
as  the  years  rolled  by  the  wealthier  classes  resumed  their  use, 
and  by  the  beginning  of  the  nineteenth  century  this  use  had 
extended  to  the  middle  class  also.  Since  then  the  development 
of  the  industry  has  been  rapid,  until  to-day  its  export  trade  is 
in  excess  of  three  hundred  million  francs,  and  is  an  important 
contributor  to  the  prosperity  and  happiness  of  the  French  people. 

The  little  city  of  Grasse,  with  some  twenty  thousand  inhabi- 
tants, in  the  Alpes-Maritimes  Department  of  Provence,  is  the 
heart  of  the  flower-growing  district,  with  a  dozen  well-known 
firms  and  numerous  smaller  ones,  and  is  really  one  vast  flower 
garden. 

In  Grasse  alone,  the  consumption  of  flowers  for  the  past  ten 
years  has  averaged  in  tons  per  annum : 


Orange  blossoms 

2200 

Tuberoses 

330 

Roses 

1650 

Carnations 

165 

Jasmine 

1320 

Cassie 

110 

Mimosa  branches 

880 

Mignonette 

66 

Violets 

440 

Narcissus 

55 

In  1898,  orange  blossoms  brought  6  cents  per  pound,  roses 
5.5  cents,  jasmine  22  cents,  cassie  flowers  and  violets  35  cents, 
and  tuberoses  45  cents;  but  prices  have  been  rising  steadily 
since,  and  in  1917  (on  account  of  the  war)  reached  18  cents  per 
pound  for  orange  blossoms  and  over  30  cents  for  roses,  with 
other  flowers  in  like  proportion.  The  combined  value  of  the 
1917  Grasse  harvest  of  these  two  flowers  alone  therefore  amounted 
to  nine  and  one-quarter  million  francs,  or  about  $1,850,000  at 
normal  exchange. 

To  produce  the  1320  tons  of  jasmine  flowers  noted  above, 
at  least  750  acres  are  required,  representing  some  thirty  million 
plants.  An  orange  tree  yields  about  22  pounds  of  blossoms, 
and  a  violet  plant  one-twenty-fifth  of  a  pound.  A  pound  of 
orange  blossom  oil  (oil  neroli  petal)  requires  about  1000  pounds 
of  blooms,  i.  e.,  the  total  output  of  over  forty-five  trees,  or  approxi- 
mately 500,000  separate  flowers;  while,  in  the  case  of  the  oil 
or  attar  of  rose,  eight  tons,  or  two  and  one-half  million  roses, 
are  necessary  to  yield  one  pound  of  the  attar.  The  justification 
for  what  seem  like  exorbitant  prices  for  the  highest  grade  per- 
fumes is  thus  clear. 

In  the  Department  of  the  Var,  adjoining  Grasse  to  the  west, 
some  seventy-five  hundred  acres  are  devoted  to  raising  violets, 
hyacinths,  mimosa,  roses,  carnations,  lily  of  the  valley,  and 
other  flowers,  giving  employment  to  eight  thousand  people, 
and  with  an  annual  output  worth  between  three  and  four  million 
dollars. 

In  a  large  factory,  it  is  not  unusual  at  the  height  of  the  season 
to  receive  in  a  single  day  twenty-two  tons  of  roses  and  a  similar 
amount  of  orange  blossoms,  all  of  which  must  be  treated  imme- 
diately before  fading;  so  that  men,  women,  and  children  work 
from  dawn  to  midnight  during  this  strenuous  period  of  two  or 
three  weeks. 

The  annual  output  of  lavender  oil  in  southern  iMance  has 
been  one  hundred  tons,  worth  $600,000;  of  .spike  lavender  oil, 
twenty-five  tons,  worth  $50,000;  and  of  geranium  oil,  five  tons, 
worth  $40,000. 
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Nearly  all  of  these  essential  oils  are  mixtures,  and  not  infre- 
quently contain  nonodorous  components.  They  may  be  used 
direct,  or  may  themselves  be  subjected  to  such  treatment  as 
will  isolate  the  more  valuable  aromatic  constituents  or  remove 
the  inert  ones. 

The  methods  for  accomplishing  this  are  either  physical  or 
chemical. 

I,  PHYSICAL  METHODS,  (a)  Freezing — Odoriferous  components 
are  often  separated  thus  from  essential  oils,  and  the  method 
has  the  advantage  of  not  changing  in  any  way  the  quality  of  the 
substance  so  isolated.  Safrol  can  be  so  recovered  from  oil  of 
sassafras,  anethol  from  oil  of  anise,  and  menthol  from  pepper- 
mint oil.  It  is  a  process  which  is  also  used  occasionally  to  re- 
move inert  constituents  (stearoptenes)  from  such  flower  oils 
as  the  attar  of  rose,  thus  effecting  an  indirect  concentration  of 
the  odoriferous  portion. 

(fe)  Disiillalion  with  steam,  to  free  the  more  volatile  from  the 
less  volatile  compounds. 

(c)  Fractionul  distillation  under  reduced  pressure-r-Ma.ny 
substances  which  carmot  be  distilled  at  ordinary  atmospheric 
pressure  without  decomposition,  boil  unchanged  when  the  pres- 
sure is  diminished  sufficiently. 

(d)  Sublimation,  which  amounts  to  a  slow  distillation  of  solids, 
and  is  applied  in  the  case  of  camphor,  for  example. 

(e)  Crystallization,  which  is  the  process  employed  for  most 
solids. 

II.  CHEMICAL  METHODS — (fl)  Acidic  compounds  may  be 
extracted  by  aqueous  solutions  of  alkali  carbonates,  and  the  acid 
subsequently  liberated  from  the  alkali  salt. 

(b)  Phenols  are  dissolved  out  by  caustic  alkalies. 

(c)  Alcohols  are  often  isolated  as  esters  (of  phthalic,  succinic, 
or  benzoic  acids),  the  esters  purified  and  then  saponified. 

(3)  Aldehydes  and  certain  ketones  may  be  combined  with 
NaHSOs. 

(e)  Basic  compounds  are  removed  by  treatment  with  dilute 
acids. 

(f)  Specific  reactions  are  frequently  utilized:  geraniol  forms 
a  compound  with  calcium  chloride,  carvone  combines  with 
hydrogen  sulfides,  eucalyptol  with  phosphoric  acid,  etc. 

(g)  Methods  which  will  destroy  or  remove  the  contaminants 
without  injin-y  to  the  constituent  sought.  Thus,  in  fennel  oil 
the  anethol  is  rapidly  oxidized  by  pure  concentrated  nitric  acid, 
while  the  fenchone  is  practically  unattacked;  geraniol  is  not 
changed  by  alkalies,  but  any  citral  present  is  thereby  polymer- 
ized to  higher  boiling  compounds ;  citronellol  is  esterified  normally 
by  boiling  formic  acid,  but  other  terpene  alcohols  are  decomposed 
or  dehydrated  by  it. 

The  composition  of  most  natural  perfumes  is  now  known, 
at  least  approximately,  to  the  organic  chemist.  Some  he  has 
been  able  to  reproduce  exactly,  others  he  can  but  imitate.  It 
is  his  firm  conviction  that  the  stimulus  imparted  to  the  olfactory 
nerve  tips  is  due  to  a  definite  chemical  reaction  between  the 
substance  of  which  these  nerves  are  composed  and  the  molecules 
of  the  odoriferous  compound,  and  he  has  endeavored  to  ascertain 
whether  these  compounds  have  anything  in  common  chemically 
to  which  this  action  may  be  ascribed.  As  in  the  case  of  the  syn- 
thetic dyes  and  synthetic  drugs,  he  has  endeavored  to  fasten 
the  blame  upon  certain  definite  groupings  of  the  atoms  present 
in  the  molecules,  and  has  even  christened  such  groups  "odoro- 
phores,"  "osmophores,"  or  "aromatophores."  He  will  tell 
you  that  a  carbon  compound  containing  one  or  more  such  groups 
in  its  molecule,  if  sufficiently  volatile  at  ordinary  temperatures, 
is  very  likely  to  possess  a  definite  odor,  but  what  will  be  the 
character  of  the  aroma  he  cannot  always  foretell  so  accurately, 
although  even  in  this  direction  he  has  made  noteworthy  progress. 
When  you  see  a  steeple  in  the  distance,  you  recognize  a  church; 
but  only  a  closer  inspection  will  disclose  the  particular  denomina- 
tion to  which  it  belongs. 

The  fascinating  nature  of  this  problem  lies  not  only  in  the  dis- 
covery of  one  of  Nature's  closely  guarded  secrets,  for  the  perfume 
has  been  well  termed  the  soul  of  the  flower,  but  with  this  in- 
formation once  in  his  possession  he  will  be  able  not  alone  to 
dtiplicate  any  natural  floral  essence,  but  also  to  build  up  any 


number  of  new  ones  at  will.  Already  many  perfume  substances 
are  in  common  use  which,  so  far  as  we  are  aware,  do  not  occur 
in  nature.  They  are  made  in  man's  laboratory,  instead  of  in 
that  of  the  plant.  Many  of  the  well-recognized  constituents 
of  essential  oils  are  now  produced  also  by  the  organic  chemist, 
and  the  products  so  obtained  are  in  no  respect  inferior  to  the 
natural  article.  His  lines  of  attack  have  been  twofold.  In 
some  instances,  the  initial  substance  has  been  a  natural  product, 
perhaps  a  perfume  itself,  which  he  has  transformed  by  the  magic 
of  his  art  into  a  more  valuable  one  {e.  g.,  asafetida  into  vanilla). 
In  other  cases,  the  results  are  true  synthetics,  built  up  step  by 
step  from  simpler  substances,  in  general  obtained  from  coal 
tar.  The  transmutation  of  this  foul  black  mass  into  delicious 
perfumes  is  one  of  his  miracles,  akin  to  his  production  of  dyes 
of  all  the  hues  of  the  rainbow  and  of  life-restoring  drugs  from 
the  same  unpromising  raw  material.  Even  that  deadly  war  gas, 
phosgene,  has  come  out  from  under  his  hands  as  a  beautiful 
new  violet  perfume  (methyl  heptine  carbonate). 

Both  natural  and  synthetic  products  are  required  by  the  modern 
toilet  perfume  manufacturer.  They  constitute  his  raw  materials, 
and  are  to  him  what  the  pigments  are  to  the  painter.  The  prep- 
aration of  a  really  fine  blend  is  the  work  of  the  expert,  and  in 
that  occupation  he  is  as  truly  creating  a  work  of  art  as  are  his 
fellow  artists  of  the  brush  and  chisel.  The  price  which  milady's 
perfume  commands  is  determined  therefore  not  alone  by  the 
cost  of  its  ingredients,  but  also  by  the  skill  with  which  they  have 
been  selected  and  combined  to  form  one  harmonious  whole. 


Informational  Needs  in  Science  and 

Technology 

By  Charles  L.  Reese 

E.  I.  Du  Pont  de  Nemours  &  Co.,  Wilmington,  Delaware 

THERE  is  a  common  saying  that  "Knowledge  is  Power." 
Information  and  knowledge  are  so  closely  related  that  it 
might  be  said  that  information  is  power,  and  coordinated 
information  is  power  plus.  The  rapid  rate  at  which  knowledge 
has  been  and  is  being  accumulated,  particularly  in  science  and 
technology,  is  brought  out  very  forcibly  by  the  Polish  engineer 
Korzybski  in  his  remarkable  book,  "Manhood  of  Humanity," 
and  it  seems  that  extraordinary  steps  must  be  taken  to  coordi- 
nate and  correlate  information  in  such  a  way  as  to  make  it 
available  to  all  capable  of  using  it  throughout  the  world. 

Efficiency  in  research  and  in  the  application  of  its  results  is 
significantly  conditioned  by  command  of  information.  To 
the  individual,  nation,  or  race  which  most  skilfully,  thoroughly, 
and  wisely  masters  and  uses  the  accumulated  knowledge  of 
mankind  comes  .supremacy  in  industry,  if  not  also  in  science, 
politics,  and  art.  Creators  of  knowledge  through  the  appli- 
cation of  scientific  method  to  Nature  are  prone  to  belittle  or 
to  ignore  the  devices  by  which  information  is  conserved,  rendered 
conveniently  accessible,  and  disseminated.  Rather  it  becomes 
us  to  inquire  whether  by  giving  systematic  attention  to  means 
of  marshaling  and  using  what  has-  been  discovered,  invented, 
felt,  imagined,  constructed,  we  may  not  render  uniquely  valuable 
service  to  civilization. 

Time  was  when  knowledge  was  transmitted  from  man  to  man 
or  generation  to  generation  either  orally  or  by  rude  products 
of  human  labor.  Then  came  written  language  and,  finally, 
printing,  libraries,  and  the  construction  of  such  keys  to  knowl- 
edge as  catalogs,  indexes,  handbooks,  encyclopedias.  All  the 
while  the  rate  of  accession  to  information  has  increased  rapidly, 
although  irregularly.  Man  has  become  increasingly  a  thinking 
animal  with  remarkable  development  of  curiosity,  resource- 
fulness, originality,  breadth  of  interest  and  view,  foresight, 
disinterestedness,    and    sympathy.     With    multitudes    of    indi- 
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viduals  and  generations  feverishly  active,  often  progressive, 
all  striving  to  live  more  comfortably,  happily,  usefully  and  longer, 
and  to  command  Nature  more  successfully  to  these  ends,  what 
are  the  chances  that  my  present  idea,  thought,  or  plan  is  new — 
shall  we  say  one  in  a  million?  It  requires  but  scant  attention 
to  the  matter  to  convince  us  that  the  efficiency  of  our  use  of  the 
products  of  human  thought  and  of  its  records  is  astoundingly 
low.  We  chemists  are  continuously  repeating  not  only  mental 
processes  but,  as  well,  the  experimental  procedures  of  our  pred- 
ecessors in  research.  Within  limits  this  duplication  of  labor 
is  desirable  and  profitable,  but  how  far  we  fall  short  of  utilizing 
as   we   should    the   constructive   efforts   of   those   unnumbered 

generations  of  men  and 
women  whose  lives 
prepared  the  way  for 
ours. 

The  progress  of  dis- 
covery and  invention 
has  nearly  eliminated 
space  as  a  barrier  be- 
tween individuals  and 
peoples.  Time,  it  has 
been  compressed.  The 
output  of  carefully 
recorded  information 
is  to-day  overwhelm- 
ingly large — the  world 
is  producing  millions 
of  printed,  typed  and 
written  pages  of  rec- 
ords of  research,  in- 
vention, development, 
Charli-s  L   Reese  and    practical    experi- 

ence, not  to  men- 
tion cultural  and  esthetic  creations.  This  amazing  increase 
in  the  quantity  of  human  knowledge  is  accompanied  by  cor- 
responding increase  in  specialization  of  interest,  occupation, 
and  terminology.  Tongues  also  have  multiplied,  and  mental 
patterns,  human  needs,  and  demands  have  become  more 
diverse.  In  general,  as  knowledge  has  increased,  the  devices 
for  handling  it  have  become  less  satisfactory.  Few  needs  are 
now  clearer  or  more  urgent  than  the  construction  of  efiScient 
informational  mechanisms  or  keys  to  knowledge.  The  question 
I  present  to  you  is,  "How  may  the  constructive  agencies  in  science 
and  industry  help  to  bring  about  the  designing  and  installation 
of  suitable  informational  mechanisms?"  May  we  not  profit- 
ably bring  our  scientific  method,  habit  of  mind,  purpose,  and 
need  to  bear  on  this  important  problem  with  a  view  to  devising 
informational  master-keys  which  shall  render  human  knowledge 
many  times  more  available  and,   therefore,  more  valuable? 

It  is  obvious  that  knowledge,  even  in  a  relatively  narrow  field, 
has  outgrown  the  capacity  of  most  individuals.  However  en- 
cyclopedic we  may  be  by  nature  or  training,  we  can  master  only 
certain  fragments  of  the  information  which  mankind  has  accu- 
mulated. It  is  conceivable,  however,  that  we  should  be  able 
to  construct  an  informational  system  which  would  enable  every 
reasonably  intelligent  and  fairly  well-educated  person  to  obtain 
the  essential  information  about  a  given  subject  when  needed. 
Why  should  we  not  handle  the  packing,  storage,  shipping,  and 
distribution  of  knowledge  as  efficiently  as  we  manage  commercial 
production?  We  have  gradually  devised  a  system  of  exchange, 
national  and  international,  which  with  reasonable  satisfactori- 
ness  enables  us  to  enjoy  the  products  of  others'  skill  and  industry. 
Such  systems  are  imperfect,  but  by  comparison  with  present 
modes  of  preserving  information  and  rendering  it  accessible  to 
posterity,  they  are  highly  advanced. 

Largely  because  knowledge  is  discontinuous  and  relatively 
unavailable,  history  repeats  itself  endlessly  and  tragically.    Ignor- 


ance, it  woiiltl  ajipear,  is  responsible  for  more  catastrophes  and 
racial  setbacks  than  are  carelessness,  selfishness,  and  malicious- 
ness combined.  The  solemn  duty  rests  on  us  to  devise  ade- 
quate ways  and  means  of  carrying  forward  always,  with  con- 
tinuously increasing  accessibility,  the  sum  of  useful  knowledge 
and  experience.  The  fact  that  the  task  has  not  been  done  is 
good  evidence  of  its  difficultness,  not  of  its  impossibility  or 
its  lack  of  importance. 

Developments  dijring  the  War 

The  World  War  at  once  revealed  some  of  the  weaknesses  of 
our  informational  position  and  our  ability  to  remedy  them. 
When  the  tremendous  need  for  munitions  and  men  came  we 
were  plodding  along  self-satisfied  and  generally  oblivious  of  the 
fact  that  we  commanded  relatively  little  information.  Almost 
over  night,  investigators  and  industries  became  aware  that 
knowledge,  conditions,  discovery,  invention,  production — in  a 
word,  efficiency  of  effort  was  lacking.  Intelligence  bureaus,  in- 
formational departments,  staffs  of  abstractors,  indexers,  compilers, 
and  purveyors  appeared  suddenly  all  over  the  country.  What 
Germany  had  at  hand  in  1914,  because  of  her  superior  foresight 
and  appreciation  of  the  supreme  value  of  systematized  available 
knowledge  and  of  the  indispensableness  of  research,  we  were 
compelled  to  try  to  create  at  high  speed  and  vrith  feverish  haste. 
It  is  enlightening  to  examine  some  of  our  information-seeking 
activities  in  their  relation  to  our  present  need  and  opportunity. 

COMMERCIAL  ACTIVITIES — My  own  company,  when  it  under- 
took a  number  of  new  lines  of  manufacture,  beginning  during 
the  latter  days  of  the  war,  recognized  the  need  of  more  extensive 
and  more  comprehensive  information  along  these  lines.  An 
Intelligence  Division  was  therefore  organized,  charged  with  the 
collection,  integration,  and  dissemination  of  technical  information 
on  the  subjects  in  which  we  were  interested.  At  the  time  of 
its  maximum  activity  this  Division  was  spending  $80,000  per 
year  for  salaries  alone,  and  comprised  a  personnel  of  thirty-five 
men  and  women. 

A  classified  index  of  the  dye  patents  of  the  United  States  was 
prepared ;  foundations  were  laid  for  a  general  information  catalog, 
which,  while  no  longer  being  added  to  at  the  present  time,  is 
still  a  valuable  library  tool;  an  information  index  of  our  research 
reports  was  started  and  is  just  being  completed;  a  library  was 
organized,  etc.  While  many  of  the  activities  of  the  Division 
probably  were  of  interest  only  to  the  du  Pont  Company,  it  is 
unquestionably  true  that  some  of  the  activities  could  better 
have  been  carried  on  by  some  organization  like  the  Research 
Information  Service  of  the  National  Research  Council,  and  the 
results  would  then  have  been  available  to  the  country  at  large. 

For  more  than  five  years  the  Chemical  Catalog  Company 
has  conducted  an  information  bureau  for  the  benefit  of  chemical 
industry  and  its  personnel.  Informational  demands  increased 
so  considerably  that  it  was  found  desirable  in  1921  to  place  this 
bureau  on  a  charge  basis.  A  fee  of  $25  per  year  is  now  charged 
to  firms  or  individuals  who  wish  to  command  the  service.  This 
also,  it  should  be  noted,  is  a  highly  specialized  service  limited  to 
chemical  technology  and  making  no  special  provision  for  informa- 
tion concerning  research. 

The  National  Industrial  Conference  Board,  organized  and 
maintained  by  the  industries  of  the  country,  is  one  of  the  most 
active  and  efficient  intelligence  agencies  in  the  country.  Their 
activities  are  mostly  along  industrial,  social,  and  economic  lines, 
and  they  have  made  since  1917  forty-five  research  reports  and 
twenty  special  reports  as  a  result  of  studies  on  such  subjects 
as  changes  in  cost  of  living,  strikes,  works  councils,  profit  sharing, 
health  service  in  industry,  taxes,  hours  of  labor,  and  metric 
versus  English  system  of  weights  and  measures.  All  of  these 
are  the  results  of  the  collection  of  statistics  and  the  presenta- 
tion of  facts. 
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These  instances  of  informational  activities  directed  toward 
increasing  the  availability  of  commercially  valuable  information 
are  typical  of  what  has  been  achieved  or  attempted  for  various 
industries  throughout  the  United  States  since  1917.  Many  of 
the  informational  bureaus  which  sprang  up  by  reason  of  war 
needs  have  been  abandoned  because  of  economic  pressure. 
Others  are  struggling  to  achieve  self-support  and  profit.  The 
indications  are  clear,  however,  that  a  general  informational 
clearing  house  should  be  an  endowed  public  service  organization, 
independent  alike  of  the  need  of  self-support  and  of  gain. 

GOVERNMENTAL  WORK — Of  governmental  informational  activi- 
ties certain  notable  instances  should  be  mentioned.  The  Food 
Administration  perfected  a  staff  and  statistical  machinery 
which  provided  it  with  unprecedentedly  complete  intelligence 
concerning  food  production,  distribution,  consumption,  waste, 
and  prices.  The  statistical  department  of  the  Food  Adminis- 
tration, as  was  generally  recognized  during  the  war  and  has 
since  been  made  clear  by  its  reports,  functioned  with  marvelous 
efficiency  as  an  intelligence  agency. 

With  a  view  to  enabling  the  Federal  Government  to  command 
such  available  information  as  was  essential  for  wise  action,  a 
central  bureau  for  planning  and  statistics  was  organized  and, 
at  the  height  of  the  need,  operated  for  several  months.  But 
as  soon  as  the  need  began  to  diminish  this  admirable  idea  and 
its  initial  expression  were  abandoned.  Thus  was  once  more 
exemplified  the  general  inability  to  appreciate  the  importance 
of  providing  organization  and  apparatus  to  make  human  knowl- 
edge readily  available. 

In  the  Army  and  the  Navy,  intelligence  services,  with  the 
advent  of  war,  emerged  from  dark  corners  and  spread  knowledge- 
seeking  tentacles  throughout  the  world.  Rapidly  these  military 
bureaus  evolved  systems  of  gathering,  classifying,  and  distribut- 
ing information  of  essential  importance  to  a  nation  at  war. 
For  a  time  the  military  departments  were  immersed  in  positive 
and  negative  intelligence,  much  of  which  doubtless  was  generally 
available  to  enemies  as  well  as  allies.  Probably  it  will  require 
years  for  these  protective  and  defensive  intelligence  services  to 
sink  again  into  that  oblivion  which  ignorance  of  world  conditions 
tends  to  encourage.  Seemingly,  the  more  ignorant  a  nation, 
the  safer  it  feels;  and  certainly  the  more  ignorant  an  individual 
the  less  he  appreciates  the  possible  values  of  knowledge  and  of 
instrumentalities  for  commanding  it. 

NATIONAL  RESEARCH  COUNCIL — Last,  because  it  is  first  in 
our  interest  as  investigators,  mention  may  be  made  of  the  in- 
formational work  of  the  National  Research  Council.  This  was 
begun  whUe  the  Council  served  as  the  Department  of  Science 
and  Research  of  the  National  Council  for  Defense.  At  first 
there  was  organized  a  Research  Information  Committee  with 
headquarters  in  Washington,  and  offices  in  London,  Paris,  and 
Rome.  The  principal  and  important  function  of  this  committee 
was  to  gather  information  about  current  research  of  military 
significance  and  to  distribute  reports  of  such  work  to  appropriate 
military  and  civilian  agencies.  The  committee  served,  through 
its  staff  of  scientific  directors  or  attaches,  primarily  as  an  informa- 
tion gathering  and  disseminating  agency.  Its  success  led  to 
subsequent  reorganization  as  the  Research  Information  Service, 
concerning  which  more  will  be  said  later. 

The  various  informational  activities  which  have  been  selected 
as  examples  of  types  are  all  of  them  indicative  of  the  need  and 
opportunity  which,  compelling  during  the  Great  War,  are  always 
with  us  and  are  far  more  worthy  of  serious  study  and  effort  than 
is  generally  realized. 

The  World  Situation 

It  has  already  been  hinted  that  there  was  rare  appreciation 
of  the  importance  of  human  knowledge  during  the  war  and  that 
we  already  are  tending  to  lose  this  appreciation.  With  this 
observation  in  mind,  it  may  prove  worth  while  to  make  a  hasty 
survey  of  the  world  situation. 


GERMANY — Germany  has  the  instrumentality  for  command- 
ing scientific  and  technological  information  and  for  stimulation 
and  guidance  of  research  effort  which  all  but  gave  her  victory. 
This  instrumentality,  whose  principal  locus  is  Grosslichterfelde, 
includes  the  great  national  laboratories  and  the  informational 
bureau  which  has  quite  naturally,  but  by  no  means  accidentally, 
grown  up  in  connection  with  "das  konigliche  Materialpriifung- 
samt."  The  purpose  of  this  institution,  which  was  organized 
at  Charlottenburg  in  1871  and  in  1904  moved  to  its  present  site, 
is  to  place  at  the  service  of  the  German  people  a  staff  of  thoroughly 
competent  specialists,  armed  with  all  technical  facilities  and 
records  of  human  progress.  This  staff  holds  itself  at  the  command 
of  investigators,  inventors,  manufacturers,  technologists,  agri- 
culturists, to  assist  in  the  solution  of  their  practical  problems 
and  to  help  them  to  command  the  accumulated  knowledge  and 
progress  of  the  whole  world.  This  institution  is  said  to  have 
claimed  to  be  able  to  answer  80  per  cent  of  the  problems  put  up 
to  them  supposedly  demanding  experimental  research. 

We  may  not  reasonably  flatter  ourselves  with  the  thought 
that  we  are  exceptionally  advanced  in  our  consideration  of  in- 
formational needs  and  opportunities,  for  the  chances  are  that  in 
Germany,  Japan,  and  probably  other  countries  as  well,  plans 
have  already  been  formulated,  and  possibly  are  well  advanced 
toward  practical  expression,  for  the  effective  command  of  world 
informational  resources  in  the  interest  of  national  development 
and  prosperity.  But  whatever  we  do  toward  improving  our 
informational  resources,  we  can  least  of  all  afford  to  forget  that 
as  a  nation  we  are  backward  in  supporting,  dignifying,  and  so 
far  recognizing  the  values  of  constructive  work  that  it  necessarily 
commands  the  respect,  attention,  and  confidence  of  our  people, 
and  is  regarded  as  essential  to  human  progress. 

Yet,  Germany  does  not  stand  alone  in  appreciation  of  informa- 
tional need  or  in  determined  effort  to  meet  it.  England,  years 
ago,  was  chief  mover  and  responsible  agency  in  the  organization 
of  the  International  Catalog  of  Scientific  Literature,  an  ambitious 
project  which  ultimately  failed  because  it  was  modeled  too  closely 
after  the  librarian's  ideal  of  an  index  to  knowledge.  The  Catalog, 
although  undeniably  useful  as  a  list  of  all  scientific  publications, 
did  not  prove  satisfactory  to  investigators  and  consequently 
failed  to  command  their  support.  Its  fate  points  a  lesson  which 
it  is  hoped  we  may  heed,  namely,  that  a  mere  catalog  of  titles 
is  an  entirely  inadequate  key  to  human  knowledge.  It  demands 
supplementation,  transformation,  or  both. 

BELGIUM — Belgium  also  has  witnessed  an  attempt  to  list 
and  partly  to  summarize  all  published  documents.  In  effect, 
this  amounts  to  the  construction  of  a  classified  card  catalog  to 
which  one  might  turn  with  reasonable  expectation  of  getting 
useful  references  or  suggestions  concerning  almost  any  topic 
of  human  interest.  This  project  also  has  suffered  the  ills  of 
war  and  is  moribund.  We  well  may  ask  whether  the  plan  was 
wisely  conceived  and  whether,  however  thoroughly  it  may  be 
carried  out,  it  can  reasonably  be  expected  to  meet  our  principal 
informational  needs. 

As  has  already  been  indicated,  America,  although  full  of  in- 
formational agencies — industrial,  scientific,  political — has  no 
general  informational  clearing  house  for  all  interests.  Special 
informational  bureaus  or  intelligence  services  come  and  go  so 
rapidly  that  a  directory  carmot  be  kept  to  date.  Washington 
is  crowded  with  invaluable  sources  of  information  covering  the 
entire  range  of  human  interests  and  activities.  There  are  scores 
of  federal  offices,  bureaus,  divisions,  departments  which  command 
useful  information;  but  there  is  no  individual  and  no  bureau 
which  serves  as  guide  or  directory.  Consequently,  the  search 
for  information  in  the  great  national  center  of  intelligence  is 
likely  to  prove  baffling,  discouraging,  and,  at  worst,  irritating. 
What  could  readily  be  done  for  informational  Washington  by 
the  creation  of  a  central  clearing  house,  what  indeed  already  has 
been  attempted  for  quite  another  purpose  by  the  Bureau  of 
Efficiency,  certainly  should  be  done  at  once  and  with  the  greatest 
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'human  foresight  and  skill  for  our  entire  country,  for  the  world, 
"because  the  isolated  or  independent  nation  is  a  fiction,  and  for 
the  whole  of  human  knowledge,  historical  as  well  as  current. 
Nowhere  in  the  world,  so  far  as  present  information  indicates, 
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'is  there  in  plan  or  operation  an  informational  clearing  house 
■conceived  on  a  large  scale  with  intent  to  render  the  whole  range 
•of  human  information  increasingly  accessible  and  useful.  It 
is  precisely  such  an  informational  organization  that  our  times, 
•our  industries,  our  investigators,  our  public  institutions,  our 
public  servants,  and  our  people  need.  The  realization  of  need 
in  most  quarters  is  not  yet  compelling,  but  in  others  it  is  def- 
initely sejised  and  it  is  believed  that  the  time  is  ripe  boldly  to 
•extend  the  plans  of  the  Research  Information  Service  of  the 
National  Research  Council. 

Rbsbarch  Information  Sbrvice,   National  Research 
Council 

From  the  Research  Council's  committee  on  research  informa- 
'tion,  following  the  Armistice,  was  organized  a  division  of  the 
permanent  Council  called  the  "Research  Information  Service." 
It  was  my  pleasure  and  responsibility  to  assist  in  planning, 
organizing,  and  furthering  this  informational  agency.  The 
Service  has  now  been  available  for  three  years.  During  the 
first  two  years  attention  was  centered  on  the  study  of  the  informa- 
tional situation,  the  formulation  of  plans,  and  the  creation  of 
fundamental  informational  tools.  From  three  years  of  effort 
to  discover,  understand,  and  satisfy  informational  demands, 
•certain  principles  of  organization  and  policy  have  appeared. 
These  have  been  carefully  considered  by  an  organizing  com- 
mittee which  is  representative  of  research  interests  and  of  the 
principal  industries  and  types  of  informational  agency  of  the 
country.  Foremost  among  the  principles  agreed  upon  by  this 
•committee  on  organization  are  the  following: 

1 — The  desirability  of  developing  initially  a  general  clearing 
house  for  scientific  and  technological  information  rather  than 
a  mere  storehouse  or  depository  of  knowledge. 

2 — The  conduct  of  a  free  informational  service  for  the  pro- 
motion of  research,  useful  applications  of  its  results  and  the 
supplying  or  disseminating  of  knowledge  necessary  for  or  bene- 
ficial to  human  welfare  and  progress.  It  is  recognized  by  the 
committee  that  there  is  a  practical  limit  to  the  possibility  of 
free  service  beyond  which  charge  sufficient  to  cover  the  cost  of 
service  should  be  made. 

3 — The  encouragement  and  fostering  of  a  miscellaneous  re- 
quest service  initially  limited  to  scientific  and  technological 
knowledge  which  shall  strive  to  supply  reliable  information 
concerning  any  aspect  or  relations  of  research.  Especially  to 
lie  mentioned  in  this  connection  is  information  concerning  re- 
search problems,  projects,  methods,  processes,  results,  current 
work,    laboratories,    equipment,    apparatus,    funds,    and    oilier 


means  of  support,  persons  engaged  in  constructive  or  creative 
work,  publications,  and  bibliographies. 

4 — The  primary  task  of  the  special  staff  of  the  Research  In- 
formation Service  is  set  forth  as  the  designing  and  construction 
of  informational  keys,  instruments  or  tools  essential  to  the 
efficient  functioning  of  a  clearing  house  for  human  knowledge. 
The  final  purpose  in  endeavoring  to  create  informational  instru- 
ments is  the  development  of  a  complete  coordinated  machinery 
for  gathering,  classifying,  locating  when  needed,  and  disseminat- 
ing trustworthy  information. 

5 — Utilization  by  the  Service  of  correspondence,  informational 
publications,  and  publicity  as  ways  of  meeting  the  informational 
needs  of  organizations  and  individuals,  and  of  educating  the 
public  to  appreciation  of  the  possible  values  of  a  carefully  planned 
and  efficiently  conducted  informational  clearing  house. 

The  group  of  men,  among  whom  appear  several  of  our  chemical 
colleagues,  which  has  been  chiefly  responsible  for  the  launching 
and  development  of  this  project  naturally  has  come  to  look 
upon  it  as  America's  most  ambitious,  most  thoughtful,  and 
most  promising  attempt  to  be  useful  in  a  large  way  and  perma- 
nently in  connection  with  the  handling  of  the  varied  and  multi- 
tudinous products  of  human  thought  and  ingenuity.  Dr.  James 
R.  Angell,  first  chairman  of  the  post  bellum  Research  Council, 
once  characterized  the  painstaking,  albeit  somewhat  discourag- 
ing, labors  of  the  Research  Information  Service  Committee  as 
primarily  an  "investment  in  brains."  He  believed  firmly  in 
the  wisdom  of  this  investment  and  in  the  supreme  importance 
of  the  Council's  informational  opportunity. 

To  repeat,  even  casual  observation  serves  to  indicate  the 
scattered  and  special  character  of  sources  of  knowledge  and 
the  extreme  improbability  that  a  needy  individual  will  happen 
upon  the  right  source.  It  is  only  by  happy  accident  that  one 
locates  satisfactory  information  outside  the  field  of  his  special 
interest  and  activity.  There  is  neither  correlation  nor  coordi- 
nation; there  is  not  even  a  central  medium  of  communication 
to  place  those  who  desire  information  in  touch  with  those  who 
have  it.  It  is  proposed,  therefore,  to  make  the  Research  In- 
formation Service  of  the  National  Research  Council  a  great 
clearing  house  for  informational  requests  and  thus  to  increase 
the  availability  and  value  of  existing  sources  and  to  supplement 
them  as  necessary.     The  Service  will  not  strive  for  encyclopedic 
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knowledge,  .save  of  sources,  but  undoubtedly  its  files  will  gradually 
acquire  value.  Ultimately  it  may  become  a  great  informational 
center,  as  well  as  clearing  house. 

Although  at  present  the  Service  is  rather  strictly  limiting  its 
activities  to  the  natural  sciences  and  their  practical  applications 
in  industry  and  engineering,  it  is  proposed  to  direct  its  develop- 
ment along  those  lines  which  promise  to  promote  l^oth  increase 
of  human  knowledge  through  constructive  effort  and  improved 
availability    of    knowledge    already    achieved.     Once    suitable 
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dearing-house  machinery  has  been  designed,  constructed,  and 
perfected,  there  is  no  obvious  reason  why  the  plan  which  has 
been  outlined  should  not  be  applied  to  the  entirety  of  human 
knowledge. 

Although  it  is  commonly  believed  that  the  important  prod- 
ucts of  human  skill  and  labor  are  satisfactorily  transmitted 
from  generation  to  generation  it  is  important  to  note  that  this 
is  not  true  of  those  products  of  mental  labor  which  gain  expres- 
sion merely  in  written  language.  Useful  inventions,  commer- 
cially developed,  are  not  likely  to  be  lost  except  by  replacement, 
but  verbal  descriptions  of  discoveries  or  inventions  which  have 
not  achieved  material  expression  are  very  likely  to  become 
buried  in  our  great  informational  storehouse,  our  libraries.  In 
the  light  of  this  condition,  it  has  seemed  peculiarly  important 
to  develop  an  informational  service  to  supplement  the  library. 
This  evidently  means  new  types  of  keys  to  knowledge.  The 
staff  of  the  Information  Service  has  planned  and  begun  to  de- 
velop files  for  research  personnel,  problems,  results,  laboratories, 
methods,  procedures,  experimental  equipment,  and  bibliogra- 
phies. It  is  surprisingly  easy  in  this  kind  of  venture  to  design 
special  equipment  which  cannot  be  operated  successfully  be- 
cause of  its  needless  complexity,  size,  or  costliness.  The  tendency 
is  always  toward  specialization  and  against  the  creation  of  effi- 
cient clearmg-house  machinery. 

It  is  now  pretty  generally  recognized  that  the  first  and  most 
important  step  toward  increased  availability  of  information 
should  be  the  preparation  of  reliable  objective,  analytical  ab- 
stracts of  literature,  and  the  construction  of  detailed  subject 
indexes.  If  the  scientific  and  technological  literature  of  the 
world  were  regularly  and  systematically  abstracted  and  listed, 
and  if  all  this  condensed  information  were  available  in  the  Re- 
search Information  Service,  it  is  reasonable  to  anticipate  that 
from  70  to  90  per  cent  of  all  requests  could  be  answered  directly 
and  with  reasonable  satisfactoriuess  from  this  single  master- 
key.  Were  this  proposed  key  to  published  materials  supple- 
mented by  files  of  records  concerning  current  research,  scientific 
and  technological  workers,  laboratories — their  construction, 
equipment,  etc.,  it  is  certain  that  many  more  requests  could 
be  successfully  answered. 

The  Service  has  undertaken  to  develop,  as  its  fundamental 
tools,  first,  a  list  of  informational  sources  including  individuals 
as  well  as  organizations,  specialists  as  well  as  informational 
bureaus;  second,  it  is  building  up  a  library  of  source  books  which 
it  is  hoped  may  ultimately  become  an  invaluable  master-key 
to  published  information.  Scarcely  less  important  than  these 
two  types  of  key  for  clearing  house  use  is  the  research  personnel 
file  which  is  counted  upon  to  supply  reliable  information  con- 
cerning all  research  workers,  their  resources  for  research,  their 
interests,  and  their  principal  lines  of  activity.  This  file  already 
contains  nearly  14,000  names  and  is  being  mechanized  by  the 
use  of  the  Findex  system  for  convenience  and  accuracy  of  sorting. 
It  is  cited  merely  as  an  example  of  a  type  of  master-key  which, 
if  skilfully  planned  and  efficiently  developed,  an  informational 
clearing  house  is  siu"e  to  find  entirely  essential  and  of  steadily 
increasing  value. 

As  is  true  in  many  other  directions,  the  best  way  to  appreciate 
the  problems  of  an  information  service,  its  need,  and  the  value 
of  devices  for  meeting  them,  is  to  try  to  use  the  Service  and  to 
follow  as  closely  as  may  be  the  functioning  of  the  clearing-house 
mechanisms  in  supplying  information. 

American  chemists  are  far  better  situated  informationally 
than  are  most  other  groups  of  scientists  or  technologists.  Simi- 
larly, the  chemical  industries  have  been  conspicuously  more 
progressive  in  their  efforts  to  command  scientific  and  technologi- 
cal information  than  have  other  commercial  interests.  To 
what  extent  this  is  due  to  the  necessity  created  by  German 
initiative  and  resourcefulness  is  difficult  to  determine,  but  cer- 
tainly the  German  influence  has  been  considerable.  And  with 
all   its   provisions   for   marshaling   and   promptly   commanding 


pertinent  information,  it  is  clear  that  .American  chemistry  is 
not  in  the  strongest  possible  position  and  that  it  still  must  reckon 
with  species  of  ignorance  and  forms  of  competition  which  are 
as  inimical  to  national  welfare  as  they  are  to  professional  prog- 
ress.    It  is  entirely    fair  to   ask,  "Would  not   systematic,  sus- 
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tained,  intelligent  study  of  informational  needs  and  values  be 
likely  to  result  in  great  improvement  for  chemistry?"  My 
own  observations  and  experience  in  connection  with  our  Chem- 
ical  Intelligence   Department   indicate   an  affirmative   reply. 

Chemistry  and  chemists,  as  well  as  those  who  as  laymen  seek 
chemical  information,  undoubtedly  can  profit  greatly  by  a  wisely 
planned  and  efficiently  conducted  general  informational  clearing 
house.  We  especially  need  such  a  service  to  facilitate  contacts 
with  related  fields  of  research  and  with  discoveries,  inventions, 
and  developments  which,  although  not  chemical,  have  signifi- 
cance for  our  special  interests.  We  need  such  a  general  clearing 
house  also  to  increase  our  profitable  contacts  with  the  consuming 
public.  We  need  it  to  supplement  our  own  keys  to  chemical 
literature,  our  abstracts,  indexes,  compilations  of  information, 
and  even  our  special  informational  agencies,  such  as  the  Chem- 
ical Catalog  Company,  for  through  the  sort  of  national  informa- 
tional clearing  house  which  the  Research  Council  is  undertaking 
to  create  our  special  informational  aids  in  chemistry  will  be  made 
available  to  untold  millions  of  scientists,  industrialists,  and  con- 
sumers of  chemical  products. 

It  is  greatly  to  be  desired  that  ultimately  an  international 
service  of  this  character  be  established  with  not  a  single  locus, 
but  with  branches  in  most  of  the  important  countries,  containing 
on  file  in  each  all  of  the  material  collected,  so  that  in  case  of  a 
cataclysm  such  as  has  befallen  Russia  and  which  might  have 
befallen  all  of  Europe  if  the  World  War  had  lasted  much  longer, 
it  would  not  result  in  the  loss  to  the  world  of  a  large  part  of  her 
wealth  of  information.  Such  an  arrangement  if  it  were  possible 
would  require  governmental  cooperation  but  would  result  in  a 
tremendous  saving  of  effort  and  be  all-embracing. 

The  Research  Information  Service  of  the  National  Research 
Council  is  a  public  service  agency.  It  is  ours  to  make  or  to  mar, 
to  use  or  neglect.  It  urgently  invites  our  cooperation  and  freely 
offers  its  aid  to  us  individually  and  collectively.  We  cannot 
afford  to  do  less  than  interest  ourselves  intelligently  in  this 
difficult  undertaking  whose  possibilities  of  usefulness  are  almost 
limitless  and  to  endeavor  to  aid  in  so  directing  its  further  de- 
velopment that  it  may  command  our  support  increasingly. 

Before  closing  I  wish  to  call  attention  to  the  valuable  results 
already  accomplished  by  the  Research  Information  Service  of 
the  National  Research  Council,  due  to  the  untiring  and  invaluable 
efforts  of  Chairman  Robert  M.  Yerkes,  at  whose  suggestioa 
this  paper  was  prepared. 


May,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


369 


I 


Recent  Developments  in   the   Chemistry  of 
Rubber 

By  William  C.  Geer 
Vice  President,  The  B.  F.  Goodrich  Company,  Akron,  Ohio 

RUBBER  as  it  appears  to  the  consumer  in  the  form  of 
tires,  hose,  or  rubber  overshoes  is  not  a  chemical 
individual  derived  by  the  operation  of  chemical  pro- 
cesses nor  is  it  the  crude  rubber  of  nature.  The  rubber  articles 
are  made  up  from  one  or  more  of  thousands  of  mixtures,  each 
composed  of  several  different  substances.  These  substances 
are  made  into  mixtures  by  mechanical  means,  and  to  give  them 
the  physical  properties  required  each  must  be  submitted  to 
the  one  chemical,  process  of  the  industry,  the  action  of  tem- 
perature and  time  known  as  vulcanization.  To  attain  highest 
values,  the  chemistry  of  these  raw  materials,  of  the  vulcaniza- 
tion operation,  and  of  the  finished  mixtures  has  been  diligently 
studied  during  the  past  few  years.  From  this  study  have  come 
some  interesting  developments. 

Early  Development 

While  rubber  was  made  known  in  its  raw  or  crude  form  to 
the  Europeans  by  Columbus,  and  other  explorers  in  the  sixteenth 
century,  it  remained  until  the  third  decade  of  the  nineteenth 
century  for  a  phase  of  its  chemistry  to  be  recognized  in  a  prac- 
tical way,  and  only  within  the  past  few  years  have  chemists  come 
to  reasonable  conclusions  with  respect  to  the  mechanism  even 
of  this  fundamental  reaction.  You  may  pardon  me,  therefore, 
if  I  refresh  your  memory  with  some  of  the  older  and  to  rubber 
men,  well-known  ideas,  in  order  to  pave  the  way  for  a  brief  dis- 
cussion of  the  new. 

The  raw  rubber  is  a  vegetable  product  derived  from  the  milk 
or  latex  which  flows  after  cutting  the  bark  of  certain  trees  which 
grow  profusely  in  a  belt  about  two  hundred  and  fifty  miles  each 
side  of  the  equator  in  countries  where  the  soil,  rainfall,  and  climate 
are  propitious.  Spaniards  in  the  sixteenth  century  saw  South 
American  natives  spread  this  latex  upon  crude  fabric.  The 
crude  rubber  layer  thus  formed  served  as  an  excellent  water- 
proofing medium.  The  first  rubber  shoes  were  made  by  the 
Indians,  who  poured  latex  over  clay  lasts  and  dried  it  in  the 
smoke  of  a  fire.  Men,  like  cats,  abhor  wet  feet,  and  shoes  are 
really  our  earliest  useful  application  of  rubber. 

The  dried  product,  as  a  brown,  frequently  evil-smelling  body, 
came  into  Europe  in  the  eighteenth  century.  From  then  on, 
chemists  and  practical  men  studied  this  product  in  the  attempt 
not  only  to  determine  its  composition  but  also  to  find  ways  and 
means  of  utilizing  it.  Priestley  named  it,  Faraday  analyzed  it, 
Hancock  found  uses  for  it,  but  there  were  fundamental  difficulties 
which  restricted  its  use  and  caused  many  thousands  of  articles 
to  be  returned  to  the  manufacturers.  The  rubber  was  found 
to  "dissolve,"  as  it  was  termed,  in  turpentine  and  coal-tar  naph- 
tha. This  solution  or  cement  was  spread  upon  cloth  to  make 
raincoats.  It  had,  however,  the  disadvantage  of  being  sticky 
and  of  softening  with  heat  and  stiffening  with  cold.  Even  the 
milder  climate  of  England,  but  especially  the  heat  of  our  Ameri- 
can summers,  caused  the  coats  to  fall  apart  and  to  stiffen  so 
decidedly  when  worn  in  the  winter  that  they  became  virtually 
like  tin  armor.  An  early  story  has  been  told  of  a  man  who  wore 
one  of  these  coats  in  the  winter  in  New  York,  who,  finding  the 
garment  so  stiff  that  it  was  difficult  for  him  to  get  around  with 
it  on,  came  in  and  sat  down  in  front  of  a  hot  fire  in  order  to  soften 
it.  It  did  soften  and  too  much  so,  for  it  became  necessary  for 
friends  literally  to  cut  the  garment  from  him.  Investigators 
with  scientific  as  well  as  only  inventive  training  made  efforts 
to  dry  and  stiffen  the  product,  and  this  led  to  the  development 
of  mixing  machinery.     The  rubber  mixture  was  thus  developed. 

One  early  practical   man,   Hayward,   conceived  the   idea  of 


dusting  sulfur  upon  the  surface  of  rubberized  cloth  and  submitting 
it  to  the  action  of  sunlight ;  he  found  a  drying  action  on  the  sur- 
face but  no  change  in  the  effect  of  heat  and  cold.  One  day  a 
hardware  merchant  who  had  failed  in  business  but  who  was  of 
an  inventive  turn  of  mind,  Charles  Goodyear,  was  attracted  to 
the  window  display  of  a  rubber  company  in  New  York,  where 
he  saw  life  preservers  made  of  rubberized  fabric.  One  thing 
led  to  another,  and  he  was  stimulated,  as  he  says  in  his  memoirs, 
to  study  means  for  eliminating  the  undesirable  effects  of  tem- 
perature. He  learned  of  the  Hayward  patent,  purchased  it, 
and  began  experiments  with  the  mixing  of  sulfur  into  this  crude 
rubber.  'Finally,  to  tell  his  own  story,  he  observed  one  day  in 
January  1839  that  certain  mail  bags  which  had  been  returned 
by  the  Government,  the  rubber  part  of  which  consisted  of  a 
mixture  of  rubber,  sulfur,  and  white  lead,  had  not  softened  after 
standing  for  some  time  in  the  vicinity  of  a  hot  stove.  Without 
scientific  training,  but  with  the  instincts  of  an  investigator, 
he  at  once  was  led  to 
further  experiment  as 
a  result  of  this  ob- 
servation. He  made 
numerous  trials  until 
he  came  clearly  to 
the  conclusion  that 
time  and  temperature 
with  a  rubber-sulfur 
mixture  were  the  two 
controllable  factors 
which  would  cause 
a  change  in  rubber  by 
which  it  would  remain 
flexible  in  the  cold  and 
not  melt  when  heated. 
This  process  was  later 
named  vulcanization. 
Vulcanization,  how- 
ever, changed  not 
alone  the  hardness  un- 
der changing  tempera-  William  C.  Geer 
ature   conditions     but 

altered  a  number  of  other  physical  properties.  The  breaking  or 
tensUe  strength,  which  is  a  most  important  property  for  indus- 
trial and  service  uses,  was  increased. 

I  have  mentioned  this  incident  in  the  history  of  rubber,  purely 
to  give  credit  to  those  early  scientific  minds,  for  we  all  know 
how  many  of  the  greatest  discoveries  in  the  laboratories  of  the 
scientists,  in  the  practical  work  of  the  factories  or  even  in  the 
crude  workshop  of  an  untrained  inventor,  are  due  to  keenness 
of  observation.  If  young  men  under  training  or  who  are  at 
work  in  our  factory  laboratories  could  only  learn  that  at  least 
one  fundamental  for  success  is  the  faculty  of  keen  observation 
to  see  leads  into  new  territory,  how  much  faster  would  our  re- 
search work  proceed!  Goodyear  not  only  discovered  the  fact 
of  an  interaction  between  rubber  and  sulfur,  but  he  also  dis- 
covered and  described  in  his  patent  the  first  accelerator  of  vul- 
canization, the  Dutch  process  white  lead. 

The  growth  of  the  rubber  industry  from  its  meager  output  of 
$7,000,000  worth  of  products  in  1850  to  $1,122,000,000  worth 
in  1919,  all  of  this  being  based  upon  this  fundamental  principle, 
is  one  of  our  striking  industrial  achievements.  These  facts  of 
early  history  show  how  close  should  be  the  connection  between 
mechanical  invention  and  chemical  research.  Chemists  are 
quite  justified  in  using  the  term  "research"  for  their  part  of 
such  coordinate  enterprise.  The  inventions  of  the  early  workers 
failed  to  develop  the  rubber  industry.  I  think  we  must  call 
Goodyear  a  chemist,  although  he  was  not  trained  as  such;  but 
sometimes  men  liccomc  chemists  or  physicists,  or  even  financiers, 
without  training. 
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Crude  Rubber 

Let  us  go  back  now  and  trace  step  by  step  rubber  as  it  grows 
in  the  tree  down  to  its  use  in  practical  products  and  discuss 
some  of  the  recent  developments  which  give  us  a  deeper  insight 
into  the  chemistry  of  these  various  processes.  Through  the 
researches  of  DeVries  and  others  our  knowledge  of  the  chemistry 
of  the  latex  and  of  raw  rubber  has  come  to  scientific  exactness. 
Rubber  latex  is  a  colloidal  suspension.  It  exhibits  the  Brownian 
movement,  and  under  the  microscope  the  size  of  the  particle  is 
approximately  0.0005  to  0.003  millimeter.  These  globules 
are  not  always  spherical.  Since  it  has  characteristics  of  a  solid 
it  is  reasonable  to  suppose  that  crude  rubber  is  produced  in  the 
tree  in  glands  or  cells  which  put  it  into  the  watery  fluid  or  serum 
of  the  latex  in  solid  form. 

An  average  analysis  of  the  latex  shows  it  to  contain  the  rubber 
hydrocarbon  as  its  chief  constituent  to  the  extent  of  28  per  cent, 
1  to  3  per  cent  of  resins,  mineral  matter,  sugars  of  several  kinds 
about  which  little  is  known,  proteins,  if  we  may  call  the  nitrog- 
enous matter  by  this  general  name;  the  balance,  about  60  per 
cent,  is  water.  Commercial  rubber  includes  several  of  these 
substances  and  so  exists  to  about  30  to  35  per  cent  in  the  latex. 
It  is  highly  probable,  in  view  of  the  action  of  different  grades  of 
commercial  rubber,  that  the  resins  are  in  solution  in  the  rubber 
hydrocarbon;  it  is  pretty  definitely  known  that  the  protein 
plays  the  part  of  a  protective  colloid.  There  is  an  interesting 
field  for  colloid  study  here,  for  the  protective  action  of  these 
proteins  in  the  latex  is  different  in  different  species  of  trees. 
That  from  the  Hevea  tree  does  not  cream  on  standing  nor  can 
these  fine  particles  be  separated  by  any  centrifuging  process 
that  has  yet  been  applied  to  it.  On  the  other  hand,  the  latex 
from  other  trees,  notably  the  Castilloa,  will  cream  with  relative 
ease,  and  rubber  may  be  separated  by  mechanical  means.  We 
may  possibly  compare  the  percentages  which  have  been  given 
with  that  of  milk  in  which  the  butter  fat  runs  only  from  3  to  6 
per  cent,  and  the  proteins  from  3  to  4  per  cent,  and  which  readily 
■creams  on  standing. 

Rubber  latex,  the  moment  it  comes  from  the  tree,  begins  to 
■change;  the  action  of  bacteria  is  rapid,  probably  first  affecting 
the  proteins,  changing  them  to  amino  acids,  amines,  and  various 
■other  decomposition  products.  It  is  highly  important  in  the 
practical  handling  of  latex  to  carry  it  to  its  first  manufacturing 
step  before  these  bacteria  can  make  too  great  an  alteration  in 
this  liquid ;  otherwise  crude  rubber  of  different  colors  and  physical 
properties  would  result  with  consequent  lessening  of  its  value 
in  the  markets. 

COAGULATION — The  first  step  in  the  manufacture  of  crude 
rubber  consists  in  coagulation,  around  the  study  of  which  there 
has  been  a  great  deal  of  scientific  work.  Investigators  have 
found,  as  those  who  understand  colloid  chemistry  would  expect, 
that  dilution  of  the  latex  to  a  standard  rubber  concentration  is 
the  first  fundamental,  and  the  second  one  is  the  breaking  down 
■of  the  protective  action  of  colloids  by  means  of  acid  of  the  right 
concentration.  Various  acids  have  been  tried:  formic,  sulfuric, 
hydrochloric,  and  others.  Various  electrolytes  have  been  used, 
but  up  to  the  present  time  a  concentration  of  about  1  per  cent 
(in  terms  of  rubber)  of  acetic  acid  gives  the  best  product. 

Coagulation  is  known  to  be  a  simple  massing  together  of  the 
rubber  globules.  The  rubber  itself  is  not  changed,  and  as  a 
result  of  this  addition  there  is  formed  at  first  a  soft,  white  dough 
which,  when  congealed  enough  to  be  capable  of  practical  handling, 
is  washed  free  from  serum,  acid,  and  other  substances  upon  a 
washing  mill.  About  95  per  cent  of  the  rubber  now  prepared 
on  the  estates  is  made  by  the  acetic  acid  method,  which  gives 
a  crude  material  of  good  appearance.  When  made  in  this  way 
and  where  discoloration  is  prevented  by  small  quantities  of 
sodium  bisulfite,  there  results  the  "pale  crepe"  of  commerce. 
When,  however,  the  sodium  bisulfite  is  not  used,  and  in  addition 
an  attempt  is  made  to  imitate  the  smoky  odor  and  appearance 


of  the  original  Brazilian  grade  by  a  smokehouse  process  applied 
after  the  rubber  has  been  washed  and  partially  dried,  there  result 
the  "smoked  sheets"  of  commerce. 

There  are  many  unsolved  problems  of  a  mechanical  as  well 
as  of  a  chemical  character.  A  most  excellent  grade  of  crude 
rubber  has  come  into  the  market  in  recent  years  which  is  pre- 
pared by  the  total  evaporation  of  the  latex.  This  has  good 
properties,  although  not  greatly  different  from  that  prepared 
by  the  method  already  briefly  described.  The  real  field  here 
probably  lies  in  a  study  of  the  action  of  polymerizing  chemicals, 
for  there  is  no  better  place  to  submit  a  substance  to  chemical 
action  than  when  it  is  in  its  most  finely  divided  state.  Some 
day  enterprising  chemists,  either  of  the  rubber  factories  or  in 
connection  with  the  government  experiment  stations  or  private 
estates,  will  study  substances  to  be  added  to  the  latex  to  serve 
as  polymerization  agents  prior  to  coagulation  to  give  us  grades 
still  better  than  we  now  receive. 

CULTIV.^TION — The  cultivation  of  rubber  trees  on  plantations 
or  estates  is  the  result  of  an  idea  of  the  Englishman,  Hancock, 
who  suggested  it  in  1856.  It  was  carried  to  completion  by  an- 
other Enghshman,  Sir  Henry  Wickham,  ■yvho  in  1876,  with  the 
support  of  the  officials  of  the  Kew  Botanical  Gardens,  succeeded 
in  shipping  out  of  South  America  some  seeds  of  the  best  tree, 
the  black  Hevea  brasiliensis.  The  seeds  were  planted  in  the 
Kew  Botanical  Gardens.  The  young  sprouts  were  sent  to 
Ceylon;  seeds  from  these  trees  were  sent  in  later  years  to  Sumatra 
and  the  Malay  Peninsula.  From  then  on,  the  rubber  plantation 
industry  has  grown,  and  it  only  remained  for  the  tremendous 
demand  incident  to  the  use  of  crude  rubber  to  support  the  auto- 
mobiles of  the  world,  imtil  an  industry  which  produced  but  four 
tons  in  1900  developed  a  production  of  304,000  tons  in  1920. 
Over  seventy-five  per  cent  of  the  total  world's  product  comes 
to  America.  To  supply  the  world  with  300,000  tons  of  crude 
rubber  requires  about  270,000,000  gallons  of  rubber  milk.  Of 
these  tons  which  come  into  America,  about  75  per  cent  are  used 
in  pneumatic  tires,  solid  tires,  and  inner  tubes.  Probably  one- 
third  to  one-half  of  the  world's  production  comes  to  the  city  of 
Akron,  Ohio. 

There  were  under  cultivation  only  116,000  acres  in  1905  and 
over  3,000,000  acres  in  1920;  over  70  per  cent  of  this  acreage  is 
owned  by  British  capital  and  about  66  per  cent  of  it  is  under 
the  political  control  of  Great  Britain  in  her  Colonies.  As  a  re- 
sult of  the  tremendous  demand  in  1910  and  the  over-supply  in 
1920,  the  price  of  this  material  fell  from  $3.00  a  pound  to  about 
13  cents  a  pound.  When  one  considers  that  the  cost  of  pro- 
duction of  plantation  rubber  varies  from  IS  to  25  cents  per  pound, 
it  is  obvious  that  additional  ideas  for  its  use  in  new  articles  will 
be  most  welcome.  In  the  economics  of  rubber  illustrated  by 
these  figures,  London  is  to-day  the  financial  center,  the  city  of 
Singapore  on  the  Malay  Peninsula  the  shipping  center,  and 
Akron  the  manufacturing  center. 

COMPOSITION — This  plastic  raw  rubber  is  shown  by  the  best 
analyses  to  consist  of  the  rubber  hydrocarbon  92  to  94  per  cent, 
1  to  4  per  cent  of  moisture,  mineral  matter,  resins,  and  proteins; 
in  other  words  it  is  not  far  from  the  composition  of  the  latex, 
with  the  exception  of  water  and  water-soluble  ingredients. 
Ultimate  analysis  shows  the  composition  of  the  rubber  hydro- 
carbon to  be  (CsHs)!.  On  account  of  the  supposed  relation  of 
rubber  to  the  true  terpenes,  we  customarily  think  of  it  in  terms 
of  the  formula  (CioHie)!/,.  The  structure  of  the  hydrocarbon 
has  been  subjected  to  much  controversy.  Chemists  now  gen- 
erally agree.  Isoprene,  CsHs,  is  a  methyl  derivative  of  buta- 
diene. This  butadiene  hydrocarbon  consists  of  a  chain  of  four 
carbon  atoms  with  alternate  double  bonds,  or  a  conjugated 
system  of  double  bonds.  Addition  to  such  a  system  takes  place 
at  the  ends  and  causes  the  formation  of  a  double  bond  in  the 
center.  We  believe  that  the  polymerization  of  isoprene  to 
rubber  consists  in  the  addition  of  one  molecule  to  another  in 
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this  way,  forming  a  succession  of  these  groups  linked  together 
into  a  ring  of  uncertain  dimensions.  How  far  the  chemical 
composition  or  state  of  polymerization,  or  the  state  of  aggre- 
gation of  the  polymerized  magmas  affect  the  properties  of  crude 
rubber  as  we  know  them,  and  how  far  the  hydrocarbon  from 
trees  of  various  ages  differs  chemically  and  physically  are  all 
unknown  phases  of  this  interesting  problem.  We  do  not  know 
the  part  played  by  mineral  substances  nor  the  exact  condition 
of  the  nitrogenous  matter,  although  the  proteins  have  a  most 
important  influence  upon  the  colloid  characteristics  of  the  rubber. 
Much  study  has  been  made  by  some  chemists  in  the  analysis 
of  rubber  to  determine  the  percentage  of  acetone-soluble  matter. 
Rubber  from  different  botanical  species  varies  largely  in  resins. 
Vulcanized  rubber  changes  on  standing,  owing  to  the  formation 
of  acetone-soluble  oxidization  products.  The  rubber  resins 
are  highly  comple.ic  and  whether  they  were  the  original  source 
of  rubber  in  the  tree  or  whether  they  have  been  produced  from 
the  rubber  we  do  not  know.  Tlie  acetone  extract  is  probably 
to-day  the  one  reasonably  reliable  means  of  determining  the 
botanical  origin  of  different  grades,  and  the  fresh  from  the 
deteriorated  rubber,  although  the  control  of  quality  in  a  finished 
article  can  be  carried  on  irrespective  of  the  origin  of  the  rubber, 
and  the  amoimt  of  acetone  extract  is  not,  as  some  have  believed, 
a  guide  to  quality  of  a  vulcanized  rubber  mixture. 

The  chief  chemical  property  of  the  rubber  hydrocarbon  is 
unsaturation.  It  adds  directly  halogens,  halogen  acids,  sulfur, 
and  sulfur  chloride,  as  well  as  certain  other  substances. 

The  story  of  synthetic  rubber  has  been  much  discussed.  Syn- 
thesis of  it  is  a  well-known  fact.  Much  work  was  done  upon 
it  during  the  war,  in  Germany,  where  considerable  quantities 
were  produced,  but  it  was  not  the  same  hydrocarbon  as  that 
derived  from  the  tree.  It  was  a  close  relative  known  as  methyl 
rubber.     However,  the  tires  and  other  soft  rubber  articles  made 


from  it  were  decidedly  inferior  in  service, 
valuable  in  hard  rubber  or  ebonite. 


It  was,  however. 


Colloid  Chemistry 

The  study  of  the  colloid  characteristics  of  raw  rubber  con- 
stitute an  important  field  in  which  our  knowledge  is  growing. 
Consider  that  the  latex  contains  innumerable  very  small  solid 
particles  surrounded  by  a  protective  colloid.  On  massing  the 
rubber  together  there  is  reason  to  believe  that  a  definite  structure 
remains.  The  rubber  is  probably  still  surrounded  by  the  film 
of  protective  protein  colloid,  or  in  any  event  the  interfacial  ten- 
sion between  these  particles  when  massed  remains  great  enough 
to  have  an  appreciable  effect  upon  the  properties  of  the  substance. 
When  rubber  is  softened,  or  as  we  call  it  masticated,  upon  a 
mixing  mill,  even  with  the  minimum  of  heat,  a  change  occurs,  in 
which  probably  the  protective  colloid  is  broken  up  and  mixed 
with  the  rubber,  without,  however,  radically  altering  its  vul- 
canization properties.  A  cement  of  softened  or  masticated 
rubber  in  benzene  is  thinner  than  one  made  of  unworked  crude 
rubber.  This  phenomenon  could  lead  one  to  believe  that  this 
crude  rubber  may  contain  a  structure  which  can  be  broken  down 
by  mechanical  action  but  not  by  the  method  of  absorption  in 
a  solvent.  When  a  sufficient  amount  of  it  is  placed  in  a  solvent 
it  swells,  showing  absorption  of  the  solvent  by  the  rubber,  and 
only  after  a  long  period  of  time  will  it  become  a  viscous  solution 
or  cement.  Indeed  to  gain  uniformity  it  is  necessary  to  beat 
it  up.  Yet  in  this  form  it  is  not  a  gel  and  does  not  show  the 
phenomenon  of  syneresis.  These  data  seem  to  indicate  that  a 
benzene  rubber  cement  is  therefore  simply  an  emulsion  of  ben- 
zene dissolved  in  rubber  as  one  component,  dispersed  in  benzene 
as  the  other  component. 

Some  interesting  studies  by  Stevens  in  England  on  vulcan- 
ization in  solutions  arc  presenting  some  leads  into  the  colloid 
chemistry  which  if  followed  may  give  us  information  of  marked 
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value.  It  has  long  been  known  that  when  vulcanized  rubber 
is  placed  in  solvents  it  does  not  dissolve  but  merely  swells,  the 
swelling  action  being  one  and  one-half  times  in  ethyl  ether,  nearly 
double  in  benzene,  and  about  two  and  one-half  times  in  chloro- 
form. Swollen  vulcanized  rubber  is  weak  but  may  on  standing 
lose  the  liquid  by  evaporation  and  return  to  its  original  size. 
Stevens,  however,  has  vulcanized  a  rubber  sol  to  a  gel,  which 
on  evaporation  of  the  dispersion  medium  he  states  yields  a  soft 
vulcanized  rubber  of  normal  properties.  This  he  has  done  by 
the  cold  or  sulfur  chloride  vulcanization  method,  working  with 
benzene  solutions  of  masticated  plantation  rubber.  He  has 
formed  gels  almost  inimediately.  Syneresis  sets  in  and  the 
gel  contracts,  expelling  the  solvent  which  contains  little  or  no 
dissolved  rubber.  He  has  also  obtained  vulcanized  rubber 
sols  by  heating  raw  rubber  sols  in  a  sealed  vessel  under  pressure. 
These  on  spontaneous  evaporation  yield  films  of  vulcanized 
rubber  which  cannot  be  redissolved  in  rubber  solvents.  There 
is  much  of  interest  to  be  determined  from  a  pursuit  of  this  field. 

Absorption  of  Light 

The  absorption  of  light  by  crude  rubber  has  recently  been 
investigated  by  Lewis  and  Porritt,  who  find  no  decisive  evidence 
of  absorption  bands,  but  a  general  absorption  which  is  fairly 
strong  for  wave  lengths  below  2700  but  rapidly  diminishes  with 
increase  in  wave  length.  It  may  be  that  this  investigation  will 
give  us  further  evidence  and  an  explanation  of  why  the  rubber 
is  so  rapidly  oxidized  in  the  presence  of  ultraviolet  light. 

Diffusion  of  Gases 

The  early  studies  of  crude  rubber  with  respect  to  diffusion  of 
gases  through  it  have  recently  been  worked  out  on  a  scientific 
basis  for  both  crude  and  vulcanized  rubber  by  Venable  and 
Fuwa,  who  examined  two  grades  of  crude  rubber  and  two  vul- 
canized compositions.  This  work  was  stimulated  by  the  use  of 
rubberized  balloon  fabric  during  the  war,  and  these  investi- 
gators made  a  most  interesting  and  valuable  contribution  in 
relation  to  balloon  work.  The  amount  of  gas  thus  held  in  the 
rubber  was  directly  proportional  to  the  pressure,  and  unaffected 
by  the  degree  of  vulcanization  or  the  presence  of  compounding 
ingredients.  They  verified  the  CMstomary  assumption  that  the 
mechanism  by  which  a  gas  penetrates  a  rubber  membrane  is 
through  diffusion  of  the  gas,  which  is  held  in  true  solution.  This, 
it  is  to  be  hoped,  will  lead  to  a  further  investigation  so  far  as 
hydrogen  and  helium  penetration  are  concerned,  to  find  compo- 
nents which  will  reduce  the  solubility  of  these  gases  in  rubber 
mixtures.  Could  we  use  in  dirigible  balloons  a  rubber  mix- 
ture highly  insoluble  toward  hydrogen  and  helium  a  great  ad- 
vance could  be  made. 

Another  problem  in  this  field  is  the  development  of  a  rubber 
mixture  in  which  war  poison  gases  are  insoluble.  Our  Wash- 
ington friends  may  agree  to  abolish  poison  gases  from  warfare. 
We  should,  however,  be  active  in  preparation  of  methods  of 
defense  against  it.  We  are  forbidden  to  carry  concealed  weapons, 
but  there  is  no  law  of  God  or  man  to  prevent  us  from  the  use  of 
locks  on  our  doors  and  bolts  on  our  windows. 

I  would  earnestly  recommend  to  the  American  Chemical 
Society  the  extension  of  gas  defense  research  to  investigate 
gas  mask  and  other  protective  clothing,  alone  as  far-sighted 
patriotic  citizens  if  cooperation  with  the  War  Department  be 
not  allowed.  It  is  a  field  in  which  research  work  of  a  cooperative 
character  can  be  undertaken,  with  who  knows  what  valuable 
results  to  us  in  the  future. 

Vulcanization 

The  chemistry  of  vulcanization  is  probably  that  phase  of  rubber 
chemistry  which  has  attracted  the  most  attention  during  recent 
years.     One  of  the  earliest  of  the  various  processes  of  vulcan- 


ization, other  than  the  previously  mentioned  hot  vulcanization 
with  sulfur,  is  the  so-called  "cold"  process,  discovered  by  Alex- 
ander Parkes  in  1846.  He  vulcanized  sheeted  crude  rubber  by 
dipping  it  for  a  few  minutes  in  a  1  per  cent  solution  of  sulfur 
monochloride,  SjCla.  This  is  conceived  to  be  a  direct  chemical 
addition  up  to  a  limiting  composition  of  C10H16.S2CI2.  This 
result,  however,  yields  a  solid,  usually  obtained  as  a  powder. 
When  quantities  under  3  per  cent  are  added  we  obtain  soft, 
vulcanized  rubber,  as  known  in  the  form  of  toy  balloons,  nipples, 
and  surgeons'  gloves. 

THE  PEACHEY  PROCESS — A  most  interesting  cold  process  has 
recently  been  developed  by  the  Englishman,  Peachey,  who 
first  proposed  his  new  plan  in  1918.  This  new  process  consists 
in  exposing  rubber  alone,  or  a  mixture  containing  any  useful 
pigment,  to  two  gases  alternately,  namely,  sulfur  dioxide  and 
hydrogen  sulfide.  The  first  diffuses  into  the  rubber  until  the 
proper  quantity  has  been  taken  up  and  then  the  second  gas  is 
permitted  to  diffuse  in  it.  They  interact  with  the  liberation 
of  nascent  sulfur,  bringing  about  a  rapid  vulcanization  without 
the  aid  of  heat.  The  claims  made  for  the  process  consist  essen- 
tially in  the  advantage  given  to  rubber  compositions  which  would 
otherwise  be  injured  if  the  usual  hot  vulcanization  method  is 
employed.  Mixtures  containing  leather,  cotton  fiber,  and  colors 
which  would  be  ^tered  by  heat,  particularly  with  respect  to 
rubber  surface  clothing,  may  now  be  vulcanized  at  ordinary 
temperatures  without  injury.  The  process  has  not  yet  been 
conducted  on  a  large  production  scale. 

NITRO  COMPOUNDS — Somewhat  earlier,  in  1915,  the  Russian, 
Ostromuislenskii,  discovered  that  a  hardening  similar  to  vul- 
canization occurred  when  rubber  is  heated  without  sulfur  in 
the  presence  of  certain  nitro  compounds  or  peroxides,  such  as 
trinitrobenzene  or  benzoyl  peroxide.  Whether  this  is  a  gelation 
phenomenon,  an  adsorption,  or  an  additive  chemical  reaction 
has  as  yet  not  been  proved. 

HOT  vulcanization — We  now  come  to  a  discussion  of  what 
has  been  learned  regarding  the  hot  vulcanization  of  rubber  with 
sulfur,  which  is  the  only  process  in  large  commercial  use.  The 
idea  prevalent  fifteen  years  ago  when  I  first  entered  the  rubber 
industry,  and  one  which  still  prevails  in  the  minds  of  many  prac- 
tical men,  is  that  sulfur  vulcanization  does  not  occur  until  the 
temperature  of  the  mixture  has  reached  or  exceeded  the  melting 
point  of  sulfur.  Vulcanization  to-day,  however,  is  known  to 
occur  at  ordinary  temperatures  if  the  time  be  long  enough — 
sixty  to  ninety  days  in  the  case  of  old-fashioned  mixtures.  When 
certain  recently  discovered  powerful  catalysts  are  employed 
in  the  mixture,  the  hardening  may  take  place  on  standing  over 
night.  Whether  the  temperature  be  low  or  high,  we  know  that 
the  amount  of  sulfur  that  enters  into  combination  with  rubber 
increases  with  time  and  rise  of  temperature;  that  is,  the  velocity 
of  the  reaction  is  proportional  to  the  time  at  constant  temper- 
ature and  if  the  temperature  and  the  time  be  fixed,  the  amount 
of  sulfur  entering  into  the  molecule  is  dependent  upon  the  quan- 
tity originally  present. 

When  small  amounts  of,  say,  3  per  cent  of  sulfur  are  thus 
"combined,"  as  we  say,  there  results  the  soft  rubber  of  commerce. 
In  almost  all  instances  there  is  a  slight  excess  of  sulfur  left  in 
solution  in  the  rubber  as  "free"  sulfur.  This  usually  gradually 
diffuses  to  the  surface,  where  it  crystallizes  out  and  appears 
as  a  powder  or  "bloom."  This  amount  of  combined  sulfur, 
expressed  as  a  percentage  figure  in  terms  of  rubber  as  100  per 
cent,  is  known  as  the  "coefficient  of  vulcanization."  No  chemi- 
cal individual  of  the  rubber  hydrocarbon  and  sulfur  has  been 
isolated  from  soft,  vulcanized  rubber  mixtures.  Yet  their 
properties  vary  from  the  under-vulcanized,  or  "under-cured," 
mixtures  in  which  the  amount  of  combined  sulfur  is  low,  to  the 
over-vulcanized,  or  "over-cured,"  mixtures  in  which  the  amount 
is  high. 

There  are  wide  and,  to  the  manufacturer  and  consumer,  vitally 
important   differences   in    physical  properties,  between  under-. 


May,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


373 


proper,  and  over-cured  rubber  articles.  Yet  we  have  as  yet 
only  theories  of  a  general  character  to  explain  the  nature  of  the 
product  of  vulcanization. 

When  a  large  excess  of  sulfur  is  used  in  a  mixture,  addition 
goes  on  up  to  a  maximum  of  32  per  cent  of  combined  sulfur, 
and  there  results  the  only  compound  which  has  been  isolated— 
*a  monosulfide,  CsHsS,  or,  as  usually  written,  CioHisSi.  It  is 
in  the  laboratory  a  brown,  dry  powder.  In  the  factory  and  in 
commerce  we  know  it  as  hard  rubber  or  ebonite,  in  battery  jars, 
sheets,  fountain  pens,  and  so  on. 

Ostwald's  theory  of  physical  change  led  to  the  many  discus- 
sions that  have  arisen  between  the  two  camps  of  chemists:  those 
who  expound  the  sulfur  adsorption  theory  of  Ostwald  and  those 
who  stand  by  a  chemical  theory.  Tlie  great  father  of  rubber 
chemistry,  Weber,  was  an  exponent  of  the  chemical  theory. 
We  to-day,  I  believe,  adhere  to  a  combination  of  a  chemical  and 
physical  theory  as  most  reasonable  for  the  explanation  of  vul- 
canization. The  fact  that  no  compounds  have  yet  been  isolated 
in  the  soft  rubber  range  of  vulcanization  is  no  reason  for  us  to 
believe  that  a  purely  physical  theory  alone  will  account  for  it. 

We  have  not  yet  found  a  process  by  which  the  combined  sulfur 
can  be  removed  and  the  original  rubber  regenerated.  The  rubber 
industry  is,  however,  economical,  and  uses  up  its  waste  products. 
The  old  tires,  shoes,  and  hose  are  gathered  and  reclaimed  by 
processes  which  simply  hydrolyze  and  separate  the  cotton  while 
the  vulcanized  rubber  is  softened  to  permit  it  to  be  plastic  enough 
for  remixing.  Let  me  here  state  in  justice  to  my  brethren  in  the 
industry,  all  statements  to  the  contrary  notwithstanding,  that 
reclaimed  rubber  is  a  valuable  ingredient  in  many  rubber  mix- 
tures. Over  70,000,000  pounds  are  used  annually  in  this  country, 
or  about  one-quarter  of  the  amount  of  crude  rubber  employed; 
an  economic  consumption  of  no  mean  magnitude,  of  what  other- 
wise would  be  waste. 

Accelerators 

While  the  nature  of  the  product  obtained  when  sulfur  and 
rubber  interacts  is  indefinite,  the  rubber  chemists  in  recent  years 
have  reached  some  pretty  clear  conceptions  of  the  mechanism 
of  the  process,  particularly  the  part  played  by  catalysts.  From 
the  day  when  Goodyear  used  white  lead,  various  types  of  in- 
organic compounds  have  been  employed  as  accelerators.  They 
have  been  chiefly  lead  compounds  and  oxides  of  the  alkaline 
earths,  with,  in  laboratory  experimentation,  for  instance,  the 
hydroxides  of  the  alkali  metals  and  the  sulfides,  and  hydrosulfides 
of  the  alkalies  and  alkaline  earths. 

The  use  of  organic  compounds  for  speeding  the  time  of  vul- 
canization is  probably  one  of  the  most  important  developments 
in  the  chemistry  of  rubber  and  of  greatest  value  in  practical 
affairs.  They  have  served  not  only  to  increase  the  rapidity  of 
turn-over  in  the  factories,  but  have  led  to  increased  physical 
properties  of  rubber  mixtures.  The  name  of  the  first  person 
to  use  organic  accelerators  in  rubber  factory  practice  has  never 
been  published.  The  writer  feels  it  to  be  in  the  interests  of  truth 
to  give  here  public  credit  to  the  two  pioneers  of  the  organic  accel- 
erator. The  laboratory  record  books  of  The  Diamond  Rubber 
Company,  which  was  later  consolidated  with  The  B.  F.  Goodrich 
Company,  show  that  Mr.  George  Oenslager,  in  the  early  months 
of  1906,  experimented  with  aniline  oil,  and  a  long  list  of  other 
organic  compounds,  with  the  definite  purpose  of  hastening  the 
time  of  vulcanization.  In  June  of  that  year,  Mr.  A.  H.  Marks 
directed  its  use  in  factory  formulas,  and  in  February  1907  he 
used  thiocarbanilide.  The  German  patents  were  not  published 
in  this  country  until  1012,  so  that  it  may  be  safely  stated,  unless 
some  one  comes  forward  with  earlier  unpublished  data,  that  the 
use  of  the  organic  catalysts  of  vulcanization  originated  with 
Mr.  Oenslager  and  Mr.  Marks  in  1906. 

Basic  compounds  were  first  used,  particularly  nitrogen  de- 
rivatives.    The   literature   mentions   large   numbers   of   them; 


piperidine,  aldehyde  ammonia,  hexamethylenetetramine,  the 
aliphatic  amines,  and  so  on,  have  been  used  in  practice.  The 
dithiocarbamates  came  into  published  literature  with  Ostro- 
muislenskii  in  1915.  Bruni,  Maximoff,  and  others  have  studied 
the  thiuram  disulfides,  and  within  the  last  few  years  the  xan- 
thates,  particularly  the  zinc  salts,  have  been  discussed.  In 
rubber  mixtures,  for  laboratory  purposes,  accelerators  have 
been  found  which  permit  the  vulcanization  of  rubber  and  sulfur 
at  all  ordinary  temperatures.  Mixtures  can  now  be  made  which 
will  vulcanize  over  night  on  standing  at  room  temperatures  and 
at  very  short  times  from  then  on  up  to  usual  factory  practice, 
which  are  temperatures  under  150°  C.  By  proper  selection 
of  accelerators,  even  cements  may  be  vulcanized  to  gels  on  stand, 
ing  for  several  hours  at  room  temperatures. 

How  these  substances  act  and  why,  have  been  pretty  well 
established.  Zinc  oxide  in  a  mixture  has  long  been  known  to 
promote  the  action  of  the  accelerators.  Kratz,  Flower  and 
Shapiro  stated  that  zinc  salts  are  formed  in  many  instances, 
and  that  these  are  the  active  accelerators.  They  show  how  the 
thioureas  can  form  zinc  salts  through  tautomeric  change.  These 
are  similar  to  the  zinc  dithiocarbamates.  Bruni  and  Romani 
assume  that  the  thiourea  is  converted  into  a  zinc  salt,  as  just 
mentioned,  and  that  sulfur  acting  with  this  zinc  salt  forms  a 
thiuram  disulfide  which  acts  as  a  vulcanizing  agent.  Twiss 
studied  allotropic  forms  of  sulfur  but  was  able  to  show  no  differ- 
ence in  the  action  of  the  two. 

In  my  opinion,  however,  the  best  work  on  the  theory  of  accel- 
eration has  been  that  of  Bedford  and  his  associates,  Sebrell  and 
Scott.  They  show  hydrogen  sulfide  to  be  an  important  factor 
in  the  mechanism  of  vulcanization  and,  generally  speaking, 
that  all  vulcanizing  reactions  may  be  ascribed  to  some  form  of 
polysulfide  sulfur.  The  original  accelerator  then,  whether 
metallic,  organo-metallic,  or  organic,  forms  with  sulfur  poly- 
sulfides  which  yield  sulfur  in  a  more  active  state  than  when  in 
its  elementary  form. 

These  substances  cannot  be  termed  catalysts  in  the  true 
sense,  at  least  so  far  as  our  idea  of  contact  catalysis  is  concerned. 
They  do  serve  to  permit  sulfur  to  be  more  actively  taken  up  by 
rubber,  but  in  doing  this  they  are  often  changed  themselves  and 
then  are  left  permanently  changed  in  the  mixture.  Intermediate 
compounds  are  formed.  The  reaction  is  more  chemical  than 
physical.  There  is  no  poisoning  of  the  accelerator  except  the 
retarding  action  of  acids.  Nor  is  it  a  case  where  a  given  quantity 
may  react  with  a  relatively  large  amount  of  the  reacting  sub- 
stances. The  quantity  of  accelerator  has  a  very  definite  relation 
to  the  time  and  degree  of  vulcanization.  Furthermore,  essen- 
tially all  accelerators,  according  to  the  best  of  our  evidence, 
such  for  instance  as  that  of  Whitby  and  Walker,  show  not  only 
an  increased  speed  of  reaction  but  also  an  increase  in  the  tensile 
properties  of  the  rubber.  We  gain,  therefore,  two  points:  one, 
the  velocity  of  reaction,  and  the  other,  improved  physical  prop- 
erties. We  had  better  call  them  accelerators  and  let  it  go  at 
that. 

The  physical  properties  of  rubber  mixtures  have  been  studied, 
and  chemists  are  more  and  more  coming  to  use  the  stress-strain 
relations  as  guides  to  the  evaluation  of  mixtures.  Wiegand, 
in  a  most  interesting  study,  showed  that  the  addition  of  different 
vohimes  of  difTerent  dry  inorganic  powders  which  we  call  pig- 
ments increased  the  energy-absorbing  capacity  remarkably  in 
the  case  of  gas-black,  lampblack,  and  zinc  oxide;  increased  it 
to  a  slight  degree  in  the  case  of  a  fine  clay,  but  decreased  it  in 
the  case  of  whiting,  fossil  flour,  barytes,  and  glue.  He  also  called 
attention  to  what  the  older  rubber  men  have  long  known,  that 
the  tensile  strength  of  a  rubber  mixture  usually  computed  against 
the  cross  section  when  at  rest  anil  before  testing  may,  if  computed 
against  tlie  section  at  the  break,  exceed  twenty  tons  per  square 
inch,  which  would  bring  rubber  into  the  class  of  mild  steel. 
It  is  the  only  substance  for  which  the  clastic  limit  extends  t» 
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the  point  of  rupture.  The  number  of  foot-pounds  of  energy 
that  can  be  stored  in  a  unit  weight  of  the  material  exceeds  steel 
many  times.  It  is  an  interesting  physical  study  which  tells  us 
that  such  stored  energy  in  tempered  spring  steel  is  only  95.3 
foot-pounds,  while  in  a  high-grade  rubber  it  is  over  15,000  foot- 
pounds. 

To  explain  the  properties  given  to 
rubber  mixtures  by  these  dry  pow- 
ders, determinations  have  been  made 
of  the  particle  size,  by  Green  and 
others,  who  have  photographed  under 
the  microscope  these  various  materials. 
From  these  and  other  data  we  come 
to  one  important  conclusion,  namely, 
that  the  particles  of  large  size  are  not 
as  strength-giving  in  rubber  mi.xings  as 
those  of  small,  while  particles  which 
seem  to  separate  from  the  rubber 
when  stretched  are  the  ones  which 
are  of  less  value  in  mixings  which 
must  resist  abrasion. 

The  use  of  carbon  black  and  zinc 
oxide  is  really  based  primarily  not  only 
on  their  fineness  of  subdivision,  but 
on  some  factor  which  we  have  yet  to 
determine  but  which  may  be  due  to 
an  increase  in  the  interfacial  tension. 
That  is,  they  are  so  fine  in  subdivi- 
sion and  so  specific  in  their  adhesion 
to  rubber  that  they  not  only  approxi- 
mate what  we  may  term  "mass  mole- 
cules" but  have  a  degree  of  specific 
adhesion  to  the  rubber,  making  it 
thereby  difficult  to  break  them  loose 
when  rubber  is  submitted  to  stress. 
There  has  been  an  amusing  contro- 
versy between  the  exponents  of  the  sale 
of  carbon  black  and  zinc  oxide  over 
which  one  is  the  best.  I  will  leave  it 
with  you;  they  are  the  two  best  mate- 
rials— one  is  the  king  and  the  other  the  queen  of  pigments. 
You  may  use  them  singly  or  together  and  take  yoiu"  choice  as 
to  which  will  have  the  preference  in  the  processions  of  your 
royal  family.  Some  unpublished  data  go  to  show,  however, 
that  both  are  essential  to  the  highest  values  in  some  rubber 
mixtures. 

You  must  not  now  let  me  leave  you  with  the  idea  that  these 
few  substances  constitute  the  whole  of  rubber  mixtures.  I 
wish  they  did,  for  then  my  early  dream  would  approach  realiza- 
tion. When  I  first  came  into  the  rubber  industry  fresh  from  a 
university  I  thought  how  easy  it  would  be  for  me  in  a  relatively 
short  time  to  solve  this  compounding  problem.  I  had  been 
trained  in  the  phase  rule,  with  a  reasonable  amount  of  mass 
law  and  electrolytic  dissociation  thrown  in  for  good  measure, 
so  I  hoped,  of  course,  to  find  rubber  a  simple  three-component 
system  capable  of  explanation  on  a  triangular  diagram.  But 
as  soon  as  I  became  acquainted  with  the  properties  in  compound- 
ing of  from  400  to  1500  dry  pigments  and  with  organic  accel- 
erators which  in  the  j'ears  that  have  followed  have  run  upwards 
of  a  thousand;  with  reclaimed  rubber  of  a  hundred  grades;  wHith 
crude  rubber  in  twenty  to  a  hundred  diEferent  kinds,  and  all 
these  to  be  used  in  mixtures  with  cotton  fabric  of  thousands  of 
weaves  to  make  ten  or  twelve  thousand  different  articles  in 
different  sizes,  shapes,  and  for  different  purposes,  I  came  to  have 
a  very  high  respect  for  the  practical  man.  After  all,  rubber, 
as  the  consumer  gets  it,  is  not  a  simple  mixtiu-e  of  rubber,  sulfur, 
and  accelerator;  in  the  interests  of  numerous  physical  prop- 
erties required  for  service  in  the  form  of  shoes,  friction?,  treads, 


and  belt  covers,  other  materials  must  be  used.  We  have  found 
in  recent  years  how  these  materials  serve  practical  purposes 
and  are  not  simply  to  be  considered  as  cheapening  fillers.  In 
point  of  fact,  to-day  many  pigments  cost  more  than  crude  rubber. 
The  colloid  particle,  the  fumed  products,  and  the  ground  inerts 
all  have  definite  uses  in  giving  us  serviceable  as  well  as  economical 
rubber  products.  The  rule-of-thumb' 
methods  are  gone  from  the  leading 
laboratories,  but  the  variables  are  so 
extended  that  the  service  test  has  be- 
come the  final  judge  of  the  value  of 
any  mixture. 

May  I  be  pardoned  if  I  speak 
from  the  vantage  of  research  and 
experience  to  those  who  would  write 
specifications  for  rubber  articles?  For 
years  plantation  grown  crude  rubber 
was  ruled  out — organic  accelerators 
and  carbon  black  excluded.  Yet  the 
industry  advanced,  used  these  sub- 
stances, and  improved  the  quality  of 
its  products.  Where  specifications 
seem  essential,  may  I  recommend 
only  tests,  and  those  which  have  a 
definite  relation  to  the  service  the 
article   is    to   render? 

While  we  have  developed  research 
laboratories  to  show  us  why,  devel- 
opment departments  to  show  us  how, 
testing  machinery  to  give  us  results, 
we,  nevertheless,  are  constantly 
faced  with  the  question:  Will  it  age? 
Rubber  is  a  perishable  product.  For 
any  purpose  a  knowledge  of  the 
rate  of  deterioration  is  most  advan- 
tageous. This  is  a  serious  problem 
and  a  vital  one  to  manufacturer  and 
consumer.  Heat,  light,  oxygen,  and 
sulfur  play  their  parts  in  the  drama 
but  as  yet  no  definite  theory  to 
account  for  the  varied  rate  of  aging  has  been  proposed.  In 
the  vast  majority  of  cases  too  rapid  decay  is  due  to  over-cure  of 
the  mixture.  To  determine  over-cure  and  how  rapidly  a  new 
compound  will  age  in  comparison  with  one  of  known  properties, 
I  de\-i5ed  a  test  some  ten  years  ago  by  which  the  rate  of  decay 
could  be  predicted.  I  have  recently  published  some  results 
from  this  ten  years'  experience  from  which  I  now  believe  that 
in  the  heat  of  70°  C.  with  plenty  of  air,  one  day  in  the  "short 
life  oven"  corresponds  to  about  six  months  of  natural  aging. 
I  do  not  hesitate  to  recommend  to  my  friends  in  the  rubber  in- 
dustry more  attention  to  this  vital  problem. 

As  not  only  a  chemist  but  a  practical  rubber  man,  I  could 
not  let  go  this  opportunity  of  saj'ing  something  of  the  future  of 
rubber.  The  automobile  has  made  the  rubber  industry,  just 
as  the  rubber  industry  has  made  the  automobile.  You  could 
not  enjoy  j'our  cars  if  you  had  to  follow  the  practice  of  Germany 
during  the  war,  with  steel  springs  and  wooden  blocks  and  other 
devices  which  were  used  in  the  attempt  to  get  along  without  the 
softness  and  springiness  of  the  rubber  tire.  Improved  highways, 
whether  for  train  or  motor  car,  are  essential  to  human  prosperity 
and  growth.  It  is  rubber  in  the  form  of  tires,  air  brake  hose, 
insulation,  packing,  and  manifold  others  which  has  made  these 
highways  capable  of  efficient  and  comfortable  use. 

With  about  twelve  million  automobiles  in  the  world  and  about 
ten  million  of  them  in  the  United  States,  one  must  look  forward 
and  let. his  mind  revert  from  days  of  depression  to  the  future 
of  larger  use  of  these  articles.  There  are  about  twenty-four 
million  homes  in  this  country;  there  is  scarcely  a  new  house  built 
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nowadays  without  its  garage.  When  one  looks  at  the  map  of 
the  world  and  considers  the  millions  of  people  who  will  need 
improved  highways  for  transportation  purposes  throughout  the 
great  continents  of  Asia  and  Africa,  let  alone  an  increasing  desire 
for  these  facilities  in  Europe  and  America,  we  can  expect  a  vast 
increase  in  motor  car  transportation  and  with  it  of  rubber  tires. 

Rubber  articles  have  woven  their  way  into  myriads  of  uses. 
We  have  found,  for  example,  that  soles  and  heels  of  rubber  give 
comfort  and  yield  long  resistance  to  wear,  for  rubber  mixtures 
■outwear  leather  wherever  they  have  been  placed  in  compari- 
son with  it.  The  home,  the  shop,  the  school,  the  ofBce,  di- 
rectly or  indirectly,  derive  benefits  from  them.  It  is  one  of 
those  substances  which  unfolds  possibihties  for  new  apphca- 
tions  which  stagger  the  imagination.  The  chemist  has  and  will 
continue  to  play  a  most  vital  part  in  these  developments.  The 
automobile  tire  of  ten  years  ago  gave  a  satisfactory  mileage  of 
four  thousand  miles,  while  to-day  the  cord  tire  would  scarcely 
be  considered  of  value  on  your  cars  if  it  did  not  give  you  ten 
■or  more  thousand  miles.  Essentially  all  rubber  articles  have 
been  improved  in  service,  achievements  due  in  no  small  part  to 
the  developments  in  the  chemistry  of  rubber  of  which  I  have 
spoken. 

With  this  picture  in  mind,  one  can  see  only  larger  values,  pro- 
vided, I  believe,  that  the  chemists  of  this  industry  are  supported 
by  the  financiers  in  the  conduct  of  research  work.  Many  prob- 
lems are  still  unsolved;  civilization  changes;  only  as  an  industry 
bases  its  progress  year  by  year  upon  the  results  of  research, 
•will  it  attain  permanence  in  its  growth. 


Some  Research  Problems  of  the  Canning 
Industry 

By  W.  D.  Bigelow 

Director  op  Research  Laboratory,  National  Canners'  Association, 
Washington,  D.  C. 

IN  any  branch  of  industrial  research,  problems  must  be 
studied  which  at  first  appear  to  have  slight  connection 
with  the  industry  concerned.  It  is  often  necessary  to 
investigate  the  character  and  methods  of  producing  the  raw 
materials.  A  study  must  be  made  of  the  purposes  for  which 
the  finished  products  will  be  used,  and  the  storage  conditions 
to  which  they  wUl  be  subjected. 

The  canning  industry  is  no  exception  in  this  respect.  The  suc- 
cess of  the  industry  depends  first  of  all  on  the  satisfaction  and 
success  of  the  growers  who  raise  the  raw  products.  The  uniform 
quality  of  seed  supplies  is  of  fundamental  importance.  Serious 
consequences  sometimes  result  from  seed  of  low  germinating 
power  or  of  a  different  variety  from  that  specified.  The  dis- 
tribution of  seed  contaminated  with  fungus  diseases  is  certain 
to  cause  disaster.  Tlie  canner  generally  distributes  seeds  to  his 
growers,  directs  them  with  respect  to  the  time  of  harvesting, 
and  in  many  ways  is  held  responsible  for  the  crops  produced. 
He  is  therefore  interested  in  a  wide  range  of  agricultural  problems. 

Again,  after  the  food  is  manufactured  and  sold  many  questions 
arise  regarding  its  transportation  and  storage.  When  shipped  in 
the  winter  there  is  danger  of  freezing,  which  damages  the  appear- 
ance of  some  products.  The  amount  of  damage  probably  depends 
on  several  factors,  including  the  extent  of  freezing,  whether  the 
product  was  stationary  or  being  transported  while  freezing  and 
thawing,  and  the  time  occupied  in  thawing.  No  systematic 
study  has  been  made  of  the  influence  of  freezing  on  the  ap- 
pearance and  quality  of  canned  foods. 

Food  Poisons 

Questions  sometimes  arise  regarding  tlie  wholesomeness  of 
foods  which  have  been  consumed.     Any  sudden  attack  of  ill- 


ness involving  abdominal  distress  is  likely  to  be  construed  by 
consumers  and  sometimes  by  physicians  as  evidence  of  food  poi- 
soning, and  some  article  of  food  recently  consumed,  and  which 
the  patient  is  not  accustomed  to  eating,  is  sometimes  designated 
as  the  probable  cause  of  the  illness.  Thus  it  is  important  that 
our  knowledge  of  the  general  subject  of  food  poisoning  be  greatly 
extended. 

The  study  of  food  poisoning  is  one  that  pertains  peculiarly  to 
public  health,  and  it  involves  all  classes  of  foods.  There  is  no 
type  of  food  poisoning  that  is  peculiar  to  canned  foods. 

During  the  last  generation  our  ideas  of  the  character  and 
cause  of  food  poisoning  have  undergone  a  fundamental  change. 
A  generation  ago  a  type  of  illness  characterized  by  purging, 
vomiting,  and  great  intestinal  pain  was  known  as  ptomaine 
poisoning,  and  was  believed  to  be  caused  by  chemical  products 
due  to  the  splitting  of  the  protein  molecule  by  bacteria  of  un- 
known nature.  Something  more  than  twenty  years  ago  it  was 
shown  in  Europe  that  illness  of  this  type  was  caused  by  a  group 
of  microorganisms  known  as  the  Gaertner  bacteria,  of  which 
the  paratyphoid  bacterium  is  a  type. 

In  recent  years  Rosenau  and  his  associates,  after  an  exhaustive 
study  of  the  subject,  have  concluded  that  the  term  "ptomaine" 
is  entirely  a  misnomer,  and  have  been  unable  to  find  any  evi- 
dence of  the  existence  of  decomposition  products  produced  in" 
food  by  bacteria  which  are  poisonous  when  taken  by  mouth. 
It  is  now  recognized,  therefore,  that  the  so-called  ptomaine  poi- 
soning is  caused  entirely  by  infection  and  can  be  prevented  by  the 
ordinary  precautions  demanded  for  the  prevention  of  infection. 
Bacteria  of  this  class  are  not  spore  formers  and  hence  do  not 
survive  the  heat  of  processing  carmed  foods. 

During  the  last  few  years  the  B.  botulinus,  long  known  in 
Continental  Europe,  has  been  found  in  this  country  and  has  caused 
a  number  of  cases  of  illness  and  death.  This  is  the  only  spore- 
bearing  organism  which  produces  substances  that  are  poison- 
ous when  taken  by  mouth.  Although  the  growth  of  this  organ- 
ism is  not  limited  to  canned  foods,  and  although  it  has  been  en- 
countered more  commonly  in  home  canned  products  than  those 
packed  commercially,  it  has  remained  for  the  canning  industry 
to  finance  the  investigation  of  the  subject  that  has  been  made 
in  this  country.  This  work  has  been  conducted  by  the  Harvard 
Medical  School  in  the  eastern  states  and  by  the  medical  depart- 
ments of  the  University  of  California  and  Stanford  University 
on  the  Pacific  Coast  with  the  coSperation  of  the  U.  S.  Public 
Health  Service.  A  comprehensive  monograph  will  soon  be  pub- 
lished describing  the  outbreaks  of  botulism  in  this  country, 
and  treating  of  the  occurrence  of  B.  botulinus  in  nature. 

Nutritive  Value  of  Foods 

Until  recently  the  nutritive  value  of  foods  was  thought  to  be 
measured  by  their  content  of  protein,  carbohydrates,  fat,  and 
mineral  constituents.  In  this  respect  canned  foods  cannot  be 
differentiated  from  the  same  foods  stored  in  the  raw  state.  Since 
the  important  role  of  vitamins  in  foods  is  now  unquestionable,  their 
consideration  with  reference  to  canned  foods  raises  many  ques- 
tions which  have  not  been  answered. 

The  early  workers  on  this  subject  stated  that  certain  foods  lost 
their  vitamins  when  heated  to  a  temperature  of  120°  C.  and  that 
canned  foods  were  deficient  in  vitamins.  The  more  recent  work 
does  not  confirm  this.  It  is  now  believed  that  the  amount  of 
vitamins  A  and  B  is  only  slightly  reduced  by  the  heat  of  process- 
ing canned  foods;  and  that  the  antiscorbutic  vitamin  is  more 
sensitive  to  heat  but  may  be  as  sensitive  to  oxidation  as  to  heat. 
Therefore  it  seems  probable  that  ordinary  cooking  in  an  open 
kettle  may  be  as  destructive  of  the  latter  as  the  processing  of 
canned  foods.  This  can  only  be  conclusively  determined  by 
dividing  a  single  lot  of  a  raw  product  into  two  portions,  cooking 
one  in  an  open  kettle  and  exposing  the  other  to  the  canning  proc- 
ess and  then  determining  the  vitamin  content  of  each. 
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We  know  little  about  the  influence  or  variety  of  conditions  of 
storage  upon  the  vitarriin  content  of  our  raw  fruits  and  vege- 
tables. It  has  been  shown  that  milk  varies  enormously  in  its 
vitamin  content  because  of  the  varying  food  given  the  cow. 
Some  vegetables  lose  their  vitamins  gradually  when  stored  in 
the  raw  state.  Hence  it  is  important  that  a  broad  study  be 
made  of  the  vitamin  content  of  all  of  our  foods,  not  only  when 
freshly  harvested  but  also  under  all  conditions  of  production  and 
storage,  both  of  the  raw  product  and  of  the  manufactured  food. 

As  a  single  illustration,  if  we  wish  to  consider  the  vitamin 
content  of  tomatoes,  we  are  confronted  by  the  effect  of  variety, 
locality,  soil  fertility,  degree  of  ripeness  and,  closely  related  to  it, 

ripening  off  the  vine  as 
is  customary  with  toma- 
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toes  shipped  north  in 
the  winter  season,  home 
cooking,  canning,  drying 
and  subsequent  storage. 
With  other  vegetables 
these  and  additional 
questions  must  be  con- 
sidered in  a  like  manner. 
We  know  that  after 
three  years  of  storage 
canned  tomatoes  are 
almost,  and  possibly 
entirely,  as  rich  in  the 
least  stable  of  the  vit- 
amins as  when  first 
caimed.  Little  has  been 
done  to  determine  the 
amount  of  deterioration 
of  the  vitamin  content 
of  raw  products  during 
storage,  but  in  a  few  cases  this  has  been  shown  to  be  consider- 
able. This  question  therefore  suggests  itself:  May  vitamins 
be  preserved  better  by  storing  the  raw  product  or  by  canning 
it  before  storage?  The  data  now  available  do  not  enable  us  to 
answer  this  question. 

Prcx:essing  Studies 

The  operation  known  as  processing  (sterilizing)  canned  foods 
was  developed  by  the  cut-and-try  method.  Samples  of  the  foods 
in  cans  of  various  sizes  were  heated  at  different  temperatures  and 
for  different  times  and  the  cans  held  in  storage  to  determine 
whether  spoilage  would  occur.  A  temperature  and  time  of 
sterilization  which  was  found  to  be  sufficient  to  keep  the  food, 
and  which  yielded  a  product  of  acceptable  appearance  and  flavor, 
were  adopted  as  satisfactory  and  used  in  canning  the  product. 
If  it  developed  later  that  more  or  less  spoilage  occurred,  the  tem- 
perature or  time  was  increased.  Only  in  recent  years  has  it 
been  fully  appreciated  that  the  processing  of  canned  foods  is  a 
complicated  operation  and  the  study  of  its  fundamental  prin- 
ciples undertaken. 

BACTERIOLOGICAL  STUDIES — The  characteristic  feature  of  the 
canning  operation  is  the  destruction  of  the  bacteria  by  means  of 
heat.  Therefore  it  is  of  the  first  importance  to  know  the  time 
and  temperature  of  the  process  necessary  with  each  food  to  de- 
stroy the  most  resistant  bacteria.  When  this  question  was 
taken  up  three  years  ago  we  found  that  no  methods  were  avail- 
able for  determining  the  thermal  death  point  of  bacteria  at  tem- 
peratures above  the  boiling  point  of  water.  The  first  step, 
therefore,  was  the  development  of  such  a  method.  The  bacteria 
causing  the  spoUage  of  a  considerable  number  of  canned  foods 
were  then  isolated  and  their  thermal  death  point  determined. 
Those  that  were  found  to  be  the  most  resistant  to  heat  were  sub- 
jected to  an  intensive  study  at  various  temperatures,  in  the 


juices  of  typical  foods,  as  well  as  in  phosphate  solutions  of  dif- 
ferent hydrogen-ion  concentration.  The  work  should  be  ex- 
tended to  non-spore-bearing  bacteria  at  temperatures  below  the 
boiling  point  of  water,  as  well  as  to  yeasts  and  molds,  in  order 
that  we  may  have  information  regarding  the  sterilization  of  acid 
products,  such  as  fruits  and  tomatoes,  that  is  comparable  to  the 
information   now   available   regarding   foods   of   lower   acidity. 

The  time  and  temperature  necessary  for  sterilization  are  pro- 
foundly influenced  by  the  number  of  bacteria  present.  It  is 
therefore  important  to  know  the  conditions  which  tend  to  in- 
crease the  number  of  bacteria  in  the  raw  product.  We  should 
know  the  sources  of  resistant  bacteria,  and  with  this  in  view 
studies  should  be  made  of  the  raw  product,  of  all  portions  of 
the  canning  plant,  and  of  the  water  supply.  A  beginning  has 
been  made  on  these  studies,  but  much  remains  to  be  done. 

HEAT  PENETRATION  STUDIES — A  Complete  knowledge  of  ther- 
mal death  points  would  be  of  no  practical  value  to  the  industry 
without  an  understanding  of  heat  penetration.  The  transfer 
of  heat  to  the  center  of  the  can  depends  on  several  factors,  in- 
cluding the  nature  and  consistency  of  the  food.  When  a  batch 
of  cans  is  placed  in  the  retort  the  outer  portion  of  the  contents 
of  each  can  heats  rapidly,  but  the  penetration  of  heat  to  the  cen- 
ter of  the  cans  is  sometimes  greatly  delayed.  In  processing 
canned  foods  it  is  obviously  necessary  that  all  portions  of  the 
can  be  heated  sufficiently  to  effect  sterilization.  In  order  to 
apply  the  thermal  death  point  of  resistant  organisms  mentioned 
above  to  the  sterilization  of  canned  foods  we  must  therefore 
know  the  temperature  of  the  center  of  the  can  during  the  entire 
period  of  processing. 

The  temperature  of  boiling  water  or  even  80°  C.  (176°  F.)  is 
sufficient  to  sterilize  if  continued  long  enough.  The  time  required 
would  be  so  great,  however,  as  to  make  sterilization  at  low  tem- 
peratures impracticable.  For  instance,  a  process  of  eighty 
minutes  at  121°  C.  (250°  F.)  is  sufficient  to  sterilize  No.  2  cans 
of  corn  containing  the  more  resistant  thermophilic  bacteria.  At 
the  temperature  of  boiling  water,  twenty-five  hours  would  be 
required  to  give  a  process  of  the  same  sterilizing  efficiency. 

In  order  to  understand  the  sterilizing  value  of  a  certain  time 
and  temperature  of  process,  therefore,  we  must  have  the  heat 
curve  of  the  center  of  the  can  throughout  its  period  of  heating. 
It  is  also  necessary  to  understand  thoroughly  the  heat  distribu- 
tion of  different  types  of  pressure  kettles  employed . 

This  work  was  made  more  difficult  by  the  fact  that  canned 
foods  are  sterilized  after  the  cans  are  sealed,  and  it  is  stUl  further 
complicated  by  the  continuous  cookers  now  employed  with  many 
products  in  which  the  cans  rotate  while  passing  through  the  ster- 
ilizer. In  undertaking  the  work  it  was  necessary  to  develop 
pyrometers  which  could  be  used  in  determining  the  temperature 
of  a  sealed  can  when  enclosed  in  a  sealed  retort,  and  if  necessary 
while  the  can  was  rotating  and  being  heated  at  any  desired  tem- 
perature and  while  it  was  located  in  any  desired  portion  of  the 
sterilizer. 

In  this  way  heat  penetration  curves  have  been  established 
for  many  kinds  of  canned  foods  packed  in  different  ways  and 
processed  under  different  conditions.  These  curves  are  of  lit- 
tle value  by  themselves.  Considered,  however,  in  connection 
with  the  thermal  death  points  of  resistant  bacteria  and  with  the 
acidity  of  canned  foods  during  the  period  of  processing  they  are 
of  value  in  the  fundamental  study  of  the  subject. 

Material  progress  has  been  made  in  the  study  of  heat  pene- 
tration, but  much  remains  to  be  done. 

ACIDITY  OF  CANNED  FOODS — A  third  factor  in  processing  is  the 
acidity  of  foods.  The  heat-resistant,  spore-forming  bacteria 
will  not  grow  in  foods  as  acid  as  tomatoes  or  the  ordinary  fruits. 
Moreover,  all  bacteria  are  killed  -in  acid  fruits  and  tomatoes  by 
heating  for  a  short  time  in  boiling  water.  On  the  other  hand, 
foods  of  low  acidity,  like  the  ordinary  vegetables,  can  be  safely 
processed    only    at   higher   temperatures   in    pressure    cookers. 
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The  acidity  (hydrogen-ion  concentration)  of  the  juices  of  the 
majority  of  canned  foods  has  been  determined.  The  data  thus 
obtained  are  of  value  in  establishing  the  process  necessary  for 
sterilization.  The  acidity  of  the  juices  of  canned  foods,  how- 
ever, varies  somewhat  from  that  of  the  liquor  of  the  food  dur- 
ing sterilization.  With  foods  that  are  well  buffered,  the  acid- 
ity increases  during  processing  because  of  the  influence  of  heat. 
With  foods  that  are  not  well  buffered,  such  as  fruits  and  some 
Toot  vegetables,  the  acidity  of  the  liquor  of  the  can  is  not 
appreciably  changed  by  heat,  but  increases  owing  to  the  diflusion 
■of  the  juices  into  the  liquor  surrounding  the  solid  pieces  of  fruit. 
In  nearly  all  canned  foods,  therefore,  the  acidity  of  the  free 
liquor  increases  during  processing,  and  we  should  have  full  in- 
formation regarding  the  acidity  of  the  liquors  of  canned  foods 
during  the  processing  period. 

This  question  has  been  studied  in  the  laboratory  with  refer- 
ence to  a  number  of  typical  foods.  The  work  should  be  greatly 
■extended  and  as  far  as  possible  carried  into  the  field  and  studied 
under  commercial  canning  conditions. 

STERILIZATION  OP  CANNED  FOODS — By  combining  the  curves 
representing  thermal  death  point  and  heat  penetration,  taking 
■into  consideration  the  time  required  for  heating  the  retort  to 
the  temperature  desired  for  sterilization,  it  is  possible  to  cal- 
•culate  the  time  and  temperature  which  should  be  necessary 
theoretically  to  sterilize  a  certain  food  when  contaminated  by 
a  certain  bacterium,  the  sterilization  being  accomplished  under 
prescribed   conditions. 

Such  calculations  are  now  being  made  and  make  possible  a 
■critical  study  of  the  processes  now  used  in  the  industry.  They 
■show  the  importance  from  the  standpoint  of  sterilization  of 
technological  details  which  are  not  usually  considered  to  have 
sterilizing  value.  For  instance,  the  initial  temperature  of  the 
■center  of  the  can;  the  length  or  character  of  the  exhaust;  the 
heating  of  the  retort  (when  not  already  hot)  before  filling  it  with 
the  food  to  be  sterilized;  the  accuracy  of  the  retort  thermometer; 
all  influence  the  time  and  temperature  of  process  necessary  to 
■effect  sterilization,  and  an  approximately  quantitative  statement 
regarding  the  influence  of  each  may  now  be  made. 

The  value  of  such  theoretical  processes,  however,  lies  chiefly 
■in  the  fact  that  they  make  practicable  an  intensive  study  of 
sterilization  that  would  otherwise  be  almost  impossible  be- 
cause of  the  amount  of  work  involved.  Such  a  study  can  best 
be  made  by  inoculating  cans  of  various  foods  with  a  definite 
number  of  bacterial  spores  of  known  resistance  to  heat  and  de- 
termining the  time  and  temperature  of  heating  under  commercial 
canning  conditions  necessary  for  their  destruction.  The  the- 
oretical process  time  mentioned  above  serves  as  a  guide  in  pro- 
cessing inoculated  cans,  and  greatly  reduces  the  amount  of  ex- 
perimental  work   necessary   to  determine   the   proper   process. 

Several  such  experimental  packs  with  inoculated  cans  have 
been  put  up,  and  the  results  confirm  the  value  of  the  calculated 
process  times  mentioned  above  and  show  the  practicability  of 
combining  the  two  methods  of  procedure. 

This  work  should  be  greatly  extended.  Experimental  packs 
with  inoculated  cans  should  be  put  up  with  foods  of  different 
kinds  in  different  sections  of  the  country.  In  one  pea-growing 
region  a  process  of  thirty-five  to  forty  minutes  at  1 16  °  C.  (240  °  F.) 
is  believed  to  be  required  to  sterilize  peas,  while  in  another  from 
twenty  to  twenty-two  minutes  are  believed  to  be  sufficient.  In 
some  corn  districts  it  is  recognized  by  canncrs  that  a  process  of 
from  seventy-five  to  eighty  minutes  at  121°  C.  (250°  F.)  is  re- 
quired to  sterilize  corn,  while  in  other  localities  it  is  held  that  a 
shorter  process  is  suftkient.  In  each  case  the  hydrogen-ion 
concentration  of  the  product  of  the  two  localities  is  substantially 
the  same  and  there  is  no  apparent  reason  from  the  nature  of 
the  product  why  they  should  not  require  the  .same  i)rocess. 

In  one  case  where  this  question  has  been  studied  by  means 
of  inoculated  cans,  it  was  found  that  the  shorter  process  for  peas 


mentioned  above  did  not  kill  the  resistant  bacteria  which  had 
been  found  to  cause  spoilage  in  other  localities.  The  process 
employed  in  that  district,  therefore,  was  not  sufficient  to  insure 
sterilization.  The  bacterium  with  which  our  experimental  cans 
were  inoculated  is  widely  distributed,  and  may  be  expected  at 
any  time  on  the  peas  of  the  locality  in  which  this  work  was  done. 
When  it  appears,  spoilage  is  likely  to  occur. 

The  bacteria  referred  to  in  this  connection  are  nonpathogenic 
and  are  far  more  resistant  to  heat  than  any  pathogenic  bacteria. 
There  is  therefore  no  question  of  public  health  involved,  but  the 
amount  of  spoilage  caused  by  bacteria  of  this  type  is  sometimes 
considerable,  and  is  recognized  as  a  matter  of  importance  in  the 
industry. 

Preheating  and  Exhaust 

With  almost  all  products  the  cans  are  sealed  hot  in  order  that 
after  processing  and  cooling  a  partial  vacuum  will  remain.  Some 
products  are  preheated  and  filled  into  the  can  hot.  Others  are 
filled  cold  and  a  hot  brine  or  sirup  added.  Still  others  are  '"ex- 
hausted," that  is,  they  are  passed  through  a  steam  box  or  hot 
water  bath  after  filling  and  before  sealing. 

During  recent  years  it  has  been  learned  that  some  form  of 
preheating  is  important  with  many  products  for  other  reasons 
than  securing  a  partial  vacuum.  With  some  products  of  slow 
heat  penetration  the  temperature  of  the  center  of  the  can  does 
not  reach  retort  temperature  during  the  entire  period  of  process- 
ing. In  such  cases  the  sterilizing  value  of  the  process  is  greatly 
increased  by  having  a  high  initial  temperature. 

Some  fruits  have  a  considerable  amount  of  air  in  their  inter- 
cellular spaces,  and  if  canned  in  that  condition  the  oxygen  ac- 
celerates corrosion  and  increases  the  perforation  of  the  cans. 
The  presence  of  an  undue  amount  of  oxygen  within  the  can  causes 
discoloration  with  some  products  and  with  others  produces  an 
undesirable  flavor. 

The  information  thus  far  available  on  this  subject  is  of  a  gen- 
eral nature  and  rather  superficial.  Much  yet  remains  to  be  done. 
A  study  should  be  made  of  the  gas  content  of  various  fruits  and 
vegetables  while  in  the  fresh  state  and  tmder  different  methods 
of  storing.  A  study  should  also  be  made  of  the  influence  on  the 
gas  content  of  exhausting  by  different  methods  and  under  different 
conditions.  The  relative  merits  of  steam  and  hot  water  exhaust 
are  only  partially  understood.  The  relative  merits  of  exhaust- 
ing at  different  temperatures  and  for  different  lengths  of  time 
should  receive  more  attention. 

Discoloration  of  Canned  Foods 

It  sometimes  happens  that  canned  foods  or  the  cans  contain- 
ing them  develop  some  type  of  discoloration,  either  during 
processing  or  during  subsequent  storage. 

When  foods  of  high  protein  content  are  heated  a  trace  of  hy- 
drogen sulfide  is  liberated,  which  gives  rise  to  several  forms  of 
discoloration  in  canned  foods.  With  some  varieties  of  beans 
hydrogen  sulfide  combines  with  the  tin  and  forms  a  more  or  less 
dark  discoloration  over  the  entire  inner  surface  of  the  can, 
except  that  bordering  on  the  air  space  at  the  top  of  the  can. 

With  other  products  the  hydrogen  sulfide  liberated  from  the 
protein  by  the  heat  of  processing  passes  into  the  air  space  and 
combines  with  the  iron  in  the  top  of  the  can,  forming  black 
pulverulent  patches  which  may  either  adhere  to  the  plate  or 
be  rubbed  off  into  the  contents  of  the  can.  Such  discolored 
patches  are  found  most  commonly  in  canned  corn,  but  are  also 
found  in  lobster,  shrimp,  and  some  varieties  of  fish.  The  cans 
used  with  shcU-fish  arc  sometimes  lined  with  a  parchment  pa- 
per and  in  that  way  the  discoloration  mentioned  is  partially  con- 
trolled. 

With  corn  it  has  been  found  that  the  presence  of  air  greatly 
increases  the  amount  of  discoloration  formed  and  that  every 
possible  precaution  should  be  taken  to  insure  the  tight  sealing 
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of  the  can.  The  presence  of  eight  or  ten  milligrams  of  zinc 
coated  on  the  top  of  the  can  has  been  found  to  reduce  greatly  the 
amount  of  iron  sulfide  discoloration  produced  in  experimental 
packs. 

The  amount  of  this  discoloration  experienced  by  com  canners 
is  still  a  source  of  annoyance,  and  any  progress  that  may  be  made 
in  overcoming  it  will  be  of  value  to  the  industry. 

It  has  recently  been  determined  that  the  black  discoloration 
in  caimed  sweet  potatoes  is  due  to  the  oxidation  of  the  iron  of 
the  can  and  its  subsequent  reaction  with  some  substance  re- 
sembling polyphenols  which  occurs  localized  in  the  potatoes. 
This  discoloration  may  therefore  be  entirely  eUminated  by  prop- 
erly filUng,  exhausting,  and  sealing  the  cans. 

Black  hominy  has  long  been  a  source  of  great  annoyance  to 
packers  of  that  product.  It  is  due  in  part  to  the  low  hydrogen- 
ion  concentration  produced  by  lying  the  com  to  remove  the 
hull.  A  method  has  recently  been  suggested  for  controlling 
this  difficulty  at  least  in  part,  by  shortening  the  lying  period 
and  completing  the  dehulling  by  mechanical  means.  This 
method  has  been  developed  on  a  laboratory  scale  but  has  not 
been  tried  on  a  commercial  scale,  and  should  receive  further 
study. 

A  pink  discoloration  is  sometimes  found  with  certain  canned 
fruits,  as  for  instance  with  peaches  and  pears.  This  is  sometimes 
the  result  of  excessive  sterilization  but  may  be  connected  with 
the  variety  of  fruit,  the  degree  of  ripeness,  and  possibly  with  the 
location  in  which  the  fruit  is  grown.  Discoloration  of  this  type  is 
infrequent  and  is  imperfectly  imderstood. 

Influence  of  Hard  Water 

It  is  known  that  hard  water,  when  used  for  blanching  peas  or 
beans  or  for  the  preparation  of  brine  added  to  the  cans,  increases 
the  toughness  of  the  canned  product.  This  influence  is  appar- 
ent immediately  after  canning  but  becomes  more  pronounced  with 
storage. 

Thus  far  only  preliminary  work  on  this  subject  has  been  done. 
We  know  little  about  the  influence  of  waters  of  medium  hardness 
on  the  toughness  of  canned  legiunes,  and  except  in  the  case  of 
waters  that  are  distinctly  hard  we  cannot  determine  by  the  analy- 
sis of  water  whether  or  not  it  will  be  advantageous  to  instal  a 
softening  process. 

Tin  Plate 

During  the  last  ten  years  a  systematic  study  has  been  made  to 
determine  the  character  of  the  tin  plate  best  adapted  to  packers' 
cans.     This  question  is  exceedingly  complex  and  difficult. 

No  methods  have  been  developed  by  which  plate  may  be  ex- 
amined in  the  laboratory  and  its  suitability  for  the  manufactiu-e 
of  cans  determined.  The  only  method  of  testing  the  service 
value  of  the  plate  is  to  manufacture  it  into  cans  and  to  pack 
food  in  the  cans  and  study  both  containers  and  contents  at 
intervals  during  protracted  storage. 

The  influence  of  variations  in  the  method  of  constructing  the 
can,  as  well  as  of  storage  conditions,  and  the  varying  action  of 
different  kinds  of  foods  add  to  the  complications  and  make  the 
study  almost  infinitely  complex. 

MANUFACTURE  OF  STEEL  BASE — The  Steel  Used  for  the  manu- 
facture of  tin  plate  should  be  as  free  as  possible  from  segrega- 
tion and  sufficiently  soft  so  that  the  plate  can  be  sent  or  rolled 
without  cracking.  It  is  believed  by  steel  manufacturers  that 
tin  plate  should  be  made  from  steel  having  the  following  average 
composition : 

Carbon  less  than  0.2  per  cent 
Sulfur  less  than  0.05  per  cent 
Silicon  less  than  0.025  per  cent 
Phosphorus  from  0.05  to  0.1  per  cent 

It  is  not  known  whether  a  materially  better  quality  of  plate 
would  result  from  the  manufacture  of  steel  containing  any  of  these 


constituents  in  smaller  amoimt.  Further  work  is  needed  in 
studying  the  influence  of  variations  of  the  constituents  mentioned 
above  on  the  service  value  of  the  can. 

We  do  not  know  whether  a  heat  of  steel  which  is  brought  to 
the  desired  composition  quickly  and  with  a  minimum  amount  of 
"working"  gives  better  results  when  manufactured  into  tin  plate 
than  a  heat  which  has  been  badly  made  and  which  is  brought  to 
the  proper  composition  only  after  repeated  furnace  additions. 

Both  Bessemer  and  open-hearth  steel  are  used  for  making  plate. 
The  Bessemer  steel  is  ordinarily  used  only  for  making  the  can 
bodies,  while  the  open-hearth  steel  is  usually  employed  for  the 
ends,  which  are  subjected  to  bending  strains  and  require  a  higher 
degree  of  flexibility  than  is  necessary  for  the  bodies. 

Better  results  seem  to  come  from  steel  annealed  at  tempera- 
tures of  from  1200°  to  1400°  F.  than  when  the  annealing  is  done 
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at  higher  temperatures,  but  information  on  this  subject  is  frag- 
mentary. 

The  steel  is  usually  first  rolled  out  in  the  blooming  mill, 
where  it  is  worked  all  directions  imtil  a  bloom  five  or  six  inches 
square  is  made.  The  bloom  is  then  rolled  down  into  sheet  bar. 
In  some  mills,  however,  the  ingot  is  rolled  directly  into  sheet  bar, 
and  in  this  procedure  is  not  turned  and  rolled  on  all  sides  as  in 
the  blooming  mill.  The  influence  on  the  service  value  of  the  can 
of  these  variations  in  methods  of  rolling  has  not  been  studied. 

It  is  well  known  that  with  heavy  cold  rolling  a  sheet  can  be  pro- 
duced of  so  hard  and  smooth  a  finish  that  the  same  weight  of  tin 
appears  to  give  it  a  heavier  coating  after  tinning  than  one  cold 
rolled  to  a  less  extent.  Whether  the  coating  adheres  to  the  plate 
as  well,  and  whether  the  resulting  plate  gives  as  good  service  in 
cans  as  when  softer  cold  rolling  is  practiced  has  not  been  deter- 
mined. 

COATING  OF  BLACK  PLATE — During  the  last  generation  there 
has  been  a  great  change  in  the  methods  employed  in  making  tin 
plate.  We  are  not  familiar  with  the  methods  employed  in  Wales 
forty  or  fifty  years  ago,  but  we  know  in  a  general  way  that  after 
the  black  sheet  was  pickled  and  washed  it  was  heated  in  an  oil 
bath  for  some  minutes  before  being  introduced  into  the  tin  pot. 
After  being  dipped  into  molten  tin  it  was  heated  again  in  an  oil 
so  that  the  excess  tin  might  drip  from  the  plate. 

According  to  the  present  practice  the  plate  after  pickling  is 
held  in  a  bosh  of  water  slightly  acidified  with  acid  until  it  is 
taken  to  the  tin  pot.  The  tin  pot  contains  a  partition  reaching 
from  the  top  of  the  pot  to  a  point  below  the  surface  of  the  molten 
tin.  On  one  side  of  the  partition  the  tin  is  covered  with  zinc 
chloride  and  on  the  other  side  with  palm  oil.  The  biack  plate 
passes  into  the  molten  tin  through  the  layer  of  fused  zinc  chlo- 
ride, goes  under  the  partition  mentioned  above  and  passes  out 
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through  the  layer  of  pahn  oil.  In  this  way  it  reaches  the  molten 
tin  without  previous  heating,  is  only  in  momentary  contact  with 
the  tin,  and  leaves  the  pot  while  still  hot. 

The  black  plate  is  more  or  less  porous,  and  during  the  pick- 
ling operation  these  pores  probably  become  filled  with  hydro- 
gen gas.  Under  some  conditions,  which  are  only  partially  un- 
derstood, it  is  believed  that  this  gas  may  interfere  with  the  per- 
fect coating  of  the  plate,  in  some  cases  causing  blisters. 

A  study  of  modifications  of  the  methods  of  tinning  and  their 
influence  on  the  service  value  of  the  cans  should  be  made.  It 
is  conceivable  that  if  the  plate  were  heated  before  being  intro- 
duced into  the  tin  pot,  as  was  the  practice  in  the  oil  baths  for- 
merly used  in  Wales,  the  gas  might  be  eliminated  from  the  pores 
of  the  black  plate  to  such  an  extent  as  to  increase  the  service 
value  of  the  latter  when  made  into  cans.  Moreover,  it  is  possi- 
ble that  such  heating  might  so  improve  the  surface  of  the  black 
plate  that  a  more  continuous  coating  would  be  secured. 

The  amount  of  tin  on  the  grade  of  plate  used  in  the  majority 
of  packers'  cans  is  probably  not  sufficient  to  permit  the  tin  to 
flow  and  increase  the  continuity  of  the  coating  if  heated  in  an 
oil  bath  after  tinning.  Still  some  experimental  work  on  this 
subject  should  be  undertaken,  studying  the  influence  of  heat- 
ing for  a  number  of  minutes  after  coating  on  the  service  value  of 
cans  made  from  the  plate. 

After  the  plate  leaves  the  tin  pot  the  palm  oil  adhering  to  it 
is  removed  by  means  of  bran  or  some  other  absorbent  material. 
Sometimes  peanut  shells  are  used,  and  since  they  always  contain 
some  sand  the  plate  cleaned  with  them  is  scratched.  These 
scratches  greatly  increase  the  susceptibility  of  the  plate  to  rust, 
and  are  readily  apparent  whenever  a  sheet  of  plate  begins  to 
rust. 

It  has  been  determined  that  the  weight  of  coating  has  a  pro- 
found influence  on  the  action  of  fruit  acids  in  perforating  tin 
cans.  Heavily  coated  tin  plate  resists  perforations  longer  than 
plate  of  ligher  coating.  This  fact  suggests  the  advisabiUty  of  a 
study  to  determine  whether  plate  cleaned  with  peanut  shells, 
and  hence  covered  with  scratches,  is  more  susceptible  to  per- 
forations than  plate  cleaned  with  bran 

ENAMELED  C.1NS — -Red  fruits  are  more  or  less  bleached  when 
packed  in  ordinary  cans.  For  this  reason  it  has  become  custom- 
ary to  enamel  the  inside  of  cans  intended  for  packing  red  fruits. 
Such  enameled  cans  protect  the  color  of  the  fruits,  but  are  much 
more  susceptible  to  perforation  than  plain  cans.  The  reason  for 
this  is  not  understood.  Walker  has  suggested  that  it  may  be 
due  to  depolarization  by  the  unsaturated  carbon  bonds  of  the 
oil  used  in  the  manufacture  of  the  so-called  enamel.  This  ques- 
tion should  be  studied  further.  A  coating  is  described  which 
will  protect  the  color  of  the  red  fruits  and  will  lessen  rather  than 
increase  the  susceptibility  of  the  plate  to  perforation. 

PERFORATIONS — When  canned  fruits  are  stored,  the  fruit  acids 
attack  the  tin  plate  to  a  greater  or  less  extent.  Sometimes  the 
corrosion  is  general,  attacking  the  entire  surface  of  the  can  to  an 
apparently  equal  extent.  At  other  times  the  corrosion  seems 
to  be  localized  and  results  in  holes  being  eaten  through  the  plate 
in  a  relatively  short  time. 

As  has  been  aheady  stated,  some  products  which  do  not  per- 
forate plain  cans  give  serious  trouble  when  packed  in  enameled 
cans.  During  recent  years  we  have  matle  progress  in  the  study 
of  perforations,  but  much  yet  remains  to  be  done.  The  amount 
of  oxygen  in  the  can  has  a  profound  influence  on  the  formation 
of  perforations.  When  cans  are  loosely  sealed,  so  as  to  permit 
the  entrance  of  air,  perforation  occurs  quickly.  With  some 
products  a  beneficial  effect  is  produced  by  removing  a  portion 
of  the  air  by  means  of  preheating. 

There  are  other  factors  involved,  however,  than  the  character 
of  the  tin  plate,  the  amount  of  air  present,  or  the  kind  and 
amount  of  acid  in  the  fruit.  Wliat  these  factors  are  remains  to 
be  determined. 


The  Pioneer's  Field  in  Petroleum  Research 

By  Van  H.  Manning 

Director  of  Research,  American  Petroleum  Institute,  New  York  City 

IN  order  that  the  picture  which  I  wish  to  present  to  you  may 
be  adequately  visualized  we  must  concede  that  from  the 
time  of  the  first  commercial  "discovery"  of  oil  in  the  United 
States  the  resultant  industry  has  been  one  of  continuous  expansion 
and  the  pioneers  of  this  industry  have  set  a  beacon  of  order  and 
efficiency  which  lights  the  highway  to  progress;  a  superphase 
with  invaluable  applications  to  the  problems  of  humanity  in  this 
great  industrial  age.  These  pioneers  have  been  engaged  in  a 
contest  of  discovery  and  invention  which  has  meant  systema- 
tized methods  in  production  and  in  the  development  of  processes 
of  utilization.  Looking  backward,  we  can  say  of  these  American 
pioneers  that  their  spirit  of  adventure  into  the  unknown  caverns 
of  the  earth  and  through  the  uncharted  seas  of  science  has  within 
the  short  space  of  a  few  years  brought  about  incalculable  and 
beneficial  advancement  to  the  peoples  of  the  world.  With  this 
record  before  us  we  now  turn  to  the  realm  of  the  future,  a  fu- 
ture accentuated  by  a  universal  demand  for  greater  efficiency 
and  economy  in  the  production  and  utilization  of  a  wasting  asset. 
I  am  not  so  bold  as  to  prophesy  the  future,  but  I  do  assert 
that  we  have  not  reached  the  goal  of  scientific  efi'ort  in  develop- 
ing to  their  fullest  degree  the  petroleum  resources  below  and  above 
the  ground — and  as  the  subject  of  my  address  implies  a  field 
in  petroleum  research,  I  revert  to  the  reports  which  I  have  made 
to  the  Board  of  Directors  of  the  American  Petroleum  Institute 
since  August  1919,  on  the  subject  of  "Improvements  in  Methods." 
In  these  reports  there  was  outlined  in  a  general  way  a  plan  for  the 
conduct  of  the  work  which  should  be  fostered  by  the  Institute. 
This  work  comprehended  the  technical  field  of  petroleum  and 
natural  gas.  As  a  general  rule,  governmental  and  state  agencies, 
research  foundations,  industrial  laboratories,  and  educational 
institutions  have  been  making  their  investigations  and  researches 
independently.  I  make  no  attempt  to  analyze  the  character 
of  the  work  of  these  organizations  except  to  say  that  they  have 
accomplished  work  of  the  very  highest  quality  and  the  present 
technic  in  the  petroleum  industry  is  the  outgrowth  of  these 
many  agencies;  however,  many  of  the  results  obtained  have 
been  at  the  expense  of  much  unnecessary  duplication  of  efi'ort 
and  financial  loss.  It  is  realized  that  there  is  some  research 
work  subjected  to  limitation  of  secrecy  or  a  dominant  exclusive 
control  of  processes,  but  whatever  may  be  the  policy  as  to  the  trade 
secrets,  exclusive  control  by  the  industry,  or  secrecy  in  institu- 
tional research,  it  is  my  opinion  that  there  is  an  urgent  and  imme- 
diate need  of  a  promoting  and  coordinating  agency  to  foster 
general  petroleum  research  and  which  will  accelerate  the  acqui-  . 
sition  of  information  to  be  obtained  from  the  various  research 
organizations  of  work  in  progress  and  contemplated.  Quantity 
of  research  may  be  increased  and  the  quality  thereof  enhanced 
through  proper  coordination  and  supervision. 

A  hearty  cooperation  may  be  expected  from  the  scientist  if 
he  can  be  assured  that  the  results  of  his  investigation  are  given 
publicity. 

As  director  of  research  of  the  .American  Petroleum  Institute, 
I  have  received  many  recommendations  as  to  the  character  of 
research  that  should  be  undertaken  and  without  authorship  or 
justification  and  without  attempt  to  classify  these  problems  as 
to  the  order  of  importance  or  according  to  their  merits,  I  submit 
them  to  the  corporations,  the  individuals,  the  chemists,  and  the 
engineers  for  their  consideration.  It  is  to  the  open  field  of 
prospecting  that  I  am  trying  to  direct  the  scientific  discoverer. 
It  may  be  that  some  of  these  problems  are  old  and  some  are  new, 
but  in  whatever  category  they  fall,  a  discussion  which  I  hope 
will  follow  these  recommendations  will  be  disclosed  by  those  who 
have  been  the  pioneers  of  the  past. 


380 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  5 


As  one  who  can  speak  with  authority  on  some  of  the  lessons 
we  learned  from  the  war,  I  want  to  say  to  you  directly  that  the 
greatest  lesson  of  all  to  me  was  the  mobilization  of  the  scientific 
experts  for  chemical  warfare  investigations  which  was  so  quietly, 
quickly,  and  efficiently  accomplished  and  which  developed  into  a 
technical  enterprise  of  tremendous  importance  and  of  which  so 
little  has  been  said.  Such  an  accomplishment  has  its  influence 
on  a  peace-time  program  which  I  now  offer  to  you. 

The  following  are  suggestions  from  American  research  chemists 
and  engineers. 

The  petroleum  problems  in  this  list  are  subdivided  under  the 
four  operating  branches  of  the  industry : 
1 — Production. 

2 — Transportation  and  storage. 
3 — Refining. 

4 — Marketing  and  utilization. 

Each  problem  is  classified  as  an  "A"  or  "B"  problem.  "A" 
problems  are  of  known  importance,  the  solution  of  which  will 
be  of  material  benefit  to  the  industry  and  the  nation;  "B"  prob- 
lems are  of  indeterminate  importance  and  arise  through  a  lack  of 
knowledge;  study  and  solution  of  these  problems  may  or  may 
not  develop  results  of  practical  value. 

Production  Problems 
1 — .An  investigation  of  the  use  of  charcoal,  silica  gel,  and  iron 
gel  for  the  recovery  of  gasoline  from  casinghead  and  refining 
gases,  including  an  examination  of  the  character  of  the  recovered 
product  and  the  thermal  efficiency  of  the  process  in  comparison 
with  oil  recovery  methods.     (B) 

2 — A  broad  study  based  on  thermodynamic  principles  of  gas- 
oline recover>'  processes  including  the  application  of  refrigera- 
tion to  casinghead  and  refining  gases  and  development  of  more 
efficient  methods  and  mechanical  equipment  in  a  manner  similar 
to  the  work  of  Norton  in  recovering  helium  from  natural  gas.  (A) 
3 — An  investigation  of  blending  volatile  casinghead  gasoline 
and  naphtha  with  special  reference  to  the  economic  limits  of 
blending.     (A) 

4 — Breaking  up  of  water-oil  emulsions  with  maximum  oil  re- 
covery and  the  prevention  of  ingress  of  water  into  the  oil  well.    (A) 
5 — Increasing   recovery  from  wells;  reviving  old  wells.     (A) 
6 — ^A  chemical  study  of  underground  water  in  relation  to  oil 
production.     (B) 

7 — Shale  oil  development.     (A) 

Transportation  and  Storage  Problems 
1— A  comprehensive  study  of  fire  fighting  and  prevention 
methods  with  respect  to  all  phases  of  the  petroleum  industry.  (A) 
2 — Study  of  methods  for  cleaning  and  freeing  tanks  and  bunk- 
ers of  inflammable  vapors  prior  to  making  repairs;  the  develop- 
ment of  simple  methods  for  testing  such  tanks  to  determine  if 
they  have  been  freed  from  vapors.     (A) 

3 — Study  of  the  protection  of  men  from  noxious  gases  and 
other  hazards  in  the  entire  petroleum  industry;  use  of  gas 
masks,  breathing  apparatus;  designing  tanks  and  apparatus 
so  that  men  need  not  enter  the  noxious  atmospheres.      (A) 

4 — Investigation  of  storage  and  transportation  losses  and  de- 
velopment of  methods  for  minimizing  this  loss.     (A) 
5 — Effective  vapor  pressures  in  tank  cars,  etc.     (A) 
6 — Thermal  expansion   of  petroleum    as    affecting  measure- 
ments.    (A) 

7 — Cement  storage  tanks.     (B) 

Refining  Problems 
1 — Recovery  of  gasoline  from  refinery  gases.  The  importance 
of  this  problem  has  already  been  recognized  and  recovery  plants 
(generally  of  the  absorption  type)  are  in  use  in  various  refineries 
for  the  removal  of  gasoline  from  still  gases.  An  educational  cam- 
paign should  be  instituted  to  advise  refiners  of  the  advantages 
of  this  procedure  and,  in  addition,  the  recovery  of  gasoline 
from  all  refinery  gases,  pressure  stills,  agitator  tanks,  etc., 
should  be  considered.  Relative  efficiency  of  solvent  absorbents, 
charcoal  and  silica  gel  and  ferric  hydroxide  gel  should  be  in- 
vestigated.    (A)  * 

2 — Recovery  of  other  chemical  products  from  refinery  gases: 
(o)  Propylene   and   ethylene    for   making   alcohols,   glycols,   etc.     (B) 
(b)  Chlorinated  products,  artificial  resins,  isoprene.     (B) 
3 — Recovery  of  chemical  products  from  acid  sludges.     (B) 
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4 — Conservation  of  chemicals  used  in  the  treatment  of  petro- 
leum products : 

(a)  Decreased  use  of  sulfuric  acid.  Many  products  are  probably 
treated  more  heavily  than  is  necessary  to  insure  satisfactory  utilization.  (A) 

(6)  Closer  utilization  of  alkali.  Many  re6ners  simply  make  sure  they 
have  an  excess  in  their  treaters  and  do  not  attempt  to  hold  this  excess  down 
to  a  satisfactory  minimum.     {B) 

(c)  Wider  use  of  sulfuric  acid  recovery  plants.  Application  to  needs  of 
small  refineries.     Investigation  of  best  type  of  equipment.     (A) 

(d)  More  economical  use  of  filtering  clay  and  fuller's  earth.     (A) 

(f)  Study  of  most  favorable  conditions,  temperature,  time,  etc.,  for 
chemical  treatment.     (B) 

5 — Increased  fuel  economy  (fire  box  to  oil).     There  is  a  no- 
torious waste   of   fuels   in   refineries.     Extended    investigations 
of  proper  fuels  and  of  fur- 
nace design  will  result  in  ' 
saving  much  fuel.     (A) 

6 — Improved  design 
and  insulation  of  stills 
and  fractionation  towers. 
Heat  losses  can  thus  be 
cut  down  and  efficiency 
will  be  increased.     (A) 

7 — Utilization  of  heat 
liberated  in  condensing 
the  vaporized  oil.  Con- 
siderable heat  is  now  lost 
which  can  be  saved  by 
suitable  preheaters  or 
heat  exchangers.     (A) 

8 — Increased  use  of  con- 
tinuous distillation  equip- 
ment. Developm'ent 
work  with  different  types 
of  oils  is  required  to 
extend  use  of  continuous 
distillation.     (B) 

9 — Increased     use     of 
continuous  treating  equip- 
ment  which    when    fully 
developed    for  various    oils   will  result   in  greater  efficiency  of 
operation.      (B) 

10 — Increased  use  of  fractionating  columns  on  stills  will  give 
larger  yields  of  valuable  gasoline  fractions.  There  is  need  for 
thorough  scientific  investigation  of  fractionating  columns.     (A) 

11 — The  prevention  of  entrainment  by  more  efficient  sepa- 
rating devices.  The  adoption  of  such  equipment  will  permit 
much  higher  distillation  rates  than  those  now  customarily  em- 
ployed.    (A) 

12 — Development  and  improvement  of  cracking  processes  and 
increased  use  of  same: 

(d)  For  increased  production  of  gasoline.     (A) 

(b)  For  distillation  to  coke  of  oils  having  high  content  of  asphalt.     (A) 

(c)  For  production  of  lubricating  oils  as  through  use  of  AICI3  or  similar 
agents.      (B) 

13 — Improved  methods  of  filtering  lubricating  oils.  Use  of 
other  material  than  Florida  clay  or  fuller's  earth  and  the  re- 
vivification and  more  economical  use  of  filter  materials.  Pos- 
sibilities of  activated  charcoal,  silica  gel,  and  iron  gel  should 
be  investigated.     (A) 

14 — The  use  of  solvents  for  the  removal  of  color  from  spent 
fuller's  earth.     (B) 

15 — The  fractionation  of  petroleum  residues  containing 
paraffin  wax  into  distillate  and  undecomposed  amorphous  wax; 
and  the  elimination  of  gummy  or  asphaltic  portions  from  wax 
distillate  by  a  distillation  or  mechanical  procedure.     (B) 

16 — Study  of  nature  and  distribution  of  sulfur  derivatives  in 
petroleum.  Improved  methods  of  removing  sulfur  from  crude 
oils  and  distillates  especially  by  the  use  of  absorbing  agents  and  a 
study  of  methods  for  controlling  the  distribution  of  sulfur  among 
the  various  products.     (B) 

17 — A  thorough  study  of  the  mechanical  and  chemical  effi- 
ciency of  distillation  methods  as  applied  to  various  types  of 
petroleum  with  special  reference  to  the  development  of  flexible 
refining  methods  which  permit  the  maximum  production  of 
products  for  which  there  is  the  largest  demand.  Under  this 
head  is  included  a  study  of  cracking,  topping,  and  straight  cut 
distillation.     (A) 

18 — A  thorough  investigation  of  the  progressive  deterioration 
of  stills  with  reference  to  the  prevention  of  explosions  and  the 
reduction  of  life  and  fire  hazards.     (A) 
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19 — vStandardization  of  analytical  methods,  including  improve- 
ment of  many  present  methods  and  development  of  new  methods. 
(A) 

20 — Study  of  physical  and  chemical  constitution  of  different 
types  of  crude  petroleum  to  provide  necessary  fundamental 
data  now  lacking.     (B) 

21 — Study  of  various  chemical  reactions  of  petroleum  hydro- 
carbons, particularly  oxidation,  hydrogenation,  and  halogena- 
tion.  Such  study  may  lead  to  the  manufacture  of  valuable  base 
materials  and  intermediates  for  the  production  of  organic  chem- 
icals and  dyestuffs.     (B) 

22 — Study  of  nature  and  behavior  of  crystalline  and  amor- 
phous paraffin  wax  in  petroleum;  and  investigation  of  wax 
chillers.     (B) 

23 — Investigation  of  production  of  special  products,  such  as: 
(a)  Harder  grades  of  wax.     (B) 

(d)  Wool  oils.     (B) 

(c)  Polymerized  olefins.      (B) 
id)  Benzene  and  toluene.      (B) 

(e)  Organic  acids  and  alcohols.      (B) 
(/)  Drying  or  siccative  oils.     (B) 
(g)  Isoprene.     (B) 

(h)  Dyestuffs.      (B)  * 

24 — ^A  study  of  the  properties  required  of  oils  for  use  in  ab- 
sorbing benzene,  toluene,  etc.,  from  artificial  gas  or  in  solvent 
recovery  system.     (A) 

25 — -Thorough  study  of  the  relation  between  chemical  consti- 
tution of  oil  and  its  lubrication  properties  with  a  view  to  so 
treating  oils  as  to  increase  their  lubricating  power.     (B) 

26 — A  physicochemical  study  of  the  structure  and  properties 
of  greases.     (B) 

27 — Study  of  methods  for  reducing  the  viscosity  of  Mexican 
fuel  oil  so  as  to  eliminate  the  necessity  of  preheating.     (A) 

28 — Dehydration  of  crude  oils  and  oil  emulsions,  including 
study  of  comparative  efficiency  and  costs  of  the  following  meth- 
ods: 

(a)  Electrostatic.     (A) 
(6)  Centrifuging.      CA) 
(c)  Heating.     (A) 
((f)  Miscellaneous  methods.     (A) 
29 — A  study  of  the  influence  of  various  types  of  electrical 
discharges  and  other  electrical  effects  on  cracking  of  oils.     (B) 

Marketing  and  Utilization  Problems 

1 — Preparation  of  rational  specifications  for  petroleum  prod- 
ucts; these  specifications  to  be  based  upon  the  results  of  actual 
research  work.  More  rational  volatility  specifications  for  gas- 
oline and  tests  for  the  "oiliness"  property  of  lubricants  are  es- 
pecially desirable.     (A) 

2 — -Standardization  of  analytical  methods  and  apparatus  for 
testing  and  analysis  of  petroleum  products.     (A) 

3 — -Utilization  of  wider  range  of  motor  fuels  in  mobile  types 
of  engines  (autos,  trucks,  tractors,  etc.).     (A) 

4 — More  efficient  utilization  of  heavy  oils  in  Diesel  and  other 
engines  of  the  heavy  oil  type.     (A) 

5 — Investigation  as  to  the  actual  need  of  highly  refining  gas- 
oline for  motor  fuel;  is  it  necessary  to  remove  bad  smelling  sul- 
fur compounds  completely  in  order  to  obtain  efficient  service 
from  gasoline?  Will  these  compounds  injure  the  engine?  If 
high  degree  of  refinement  proves  unnecessary  educate  the  pub- 
lic to  use  less  highly  refined  products  and  thus  increase  the  yield 
and  lower  the  cost.     (A)  « 

6 — Development  of  higher  efficiency  in  internal  combustion 
motors  through  use  of  selected  fuels  (naphthene  or  aromatic 
mixtures)  or  through  use  of  chemically  treated  fuels  which  will 
stand  higher  compressions.  Applies  especially  to  aeroplane 
engines.     (B) 

7 — Modify  the  design  of  carburetors  and  internal  combustion 
engines  so  as  to  enable  the  use  of  less  volatile  gasoline,  and  inves- 
tigate the  relations  between  volatility,  specific  gravity,  and 
distillation  analysis  to  performance  in  automobile  engines;  rel- 
ative performance  of  blended  mixtures  and  straight  cuts.     (A) 

8 — A  study  of  the  fundamental  causes  of  carbon  formation  in 
cylinders;  elimination  of  polymerized  products  in  cylinders; 
study  effect  of  additions  of  peroxides,  naphthalene,  picric  acid, 
phenanthrene,   pyrene,   picene,  cyclohexanol,   phenol,  etc.     (A) 

9 — Combustion  characteristics  of  different  hydrocarbon 
series.     (B) 

10 — Ignition  temperature,  detonation,  etc.     (B) 
11 — Effect  of  volatility  on  fuel  consumption.     (B) 


12 — An  unbiased  scientific  study  of  the  differences  in  proper- 
ties and  behavior  of  oils  from  different  base  crudes  and  the 
fundamental  causes   thereof.     (B) 

13 — A  study  of  the  relative  tendency  of  different  lubricants 
to  absorb  fuel  and  become  excessively  diluted.     (A) 

14 — Scientific  study  of  numerous  problems  in  lubrication.     (A) 

15 — Recovery  and  purification  of  used  lubricating  oils  in  large 
industrial  plants.  This  would  be  in  the  interest  of  conservation. 
(B) 

16 — The  prevention  of  oxidation  of  mineral  oils  in  transformers. 
(B) 

17 — Development  of  satisfactory  small-scale  oil-gas  apparatus 
for  use  in  country  homes  and  small  villages.     (A) 

18 — Development  of  household  oil  heating  devices.  Why  not 
use  oil  in  the  furnace?  It  should  be  as  convenient  as  gas  with 
proper  equipment.     (A) 

19 — More  effective  utilization  of  the  butanes  and  pentanes  in 
natural  gas  gasoline  and  in  light  petroleum  fractions.  Much  of 
this  is  now  lost  by  evaporation.     (B) 

20 — Utilization  of  larger  proportion  of  petroleum  coke  pro- 
duced. Owing  to  impurities  much  of  this  coke  is  not  suitable 
for  carbon  products.  Elimination  of  impurities  and  improve- 
ment of  quality  should  be  investigated.     (A) 

21 — Production  of  oil-gas  and  also  hydrogen  by  cracking  nat- 
ural gas,  or  petroleum  vapors  with  the  production  of  a  carbon 
black  that  will  meet  the  same  requirements  as  carbon  black  made 
by  the  incomplete  combustion  of  natural  gas.     (B) 

22 — A  broad  physicochemical  study  of  the  production  of  car- 
bon black,  with  a  view  to  the  discovery  of  more  efficient  methods 
than  wasteful  partial  combustion  process.     (B) 

Colloid  Chemistry 

In  view  of  the  importance  of  colloid  chemistry  in  connection 
with  the  petroleum  industry,  I  wish  to  stress  particularly  the 
need  for  the  study  of  various  problems  in  this  industry  from  the 
colloid  chemistry  standpoint. 

As  topics  for  major  problems,  the  following  have  been  sug- 
gested, some  of  which  have  been  mentioned  heretofore  in  this 
paper;  however,  it  is  believed  worth  while  to  group  them  under 
this  heading: 

1 — A  thorough  study  of  the  properties  and  behavior  of  emul- 
sions including: 

(a)  Mechanism  of  the  formation  and  stability  of  various  emul- 
sions, (b)  A  study  of  the  nature  of  emulsifying  agents,  (c) 
Methods  of  breaking,  (d)  Comparison  of  properties  of  emul- 
sions obtained  from  different  base  oils,  (e)  Study  of  various 
emulsion  products,  such  as  cutting  oils  and  greases. 

2 — A  thorough  study  of  lubrication  from  a  colloid  chemical 
standpoint. 

3 — Investigation  of  the  properties  and  behavior  of  crystal- 
line and  amorphous  wax. 

4 — A  study  of  the  application  of  the  adsorptive  action  of  va- 
rious substances,  such  as  bauxite,  fuller's  earth,  silica  gel,  iron 
gel,  etc.,  with  reference  to  the  following  problems: 

(a)  Recovery  of  gasoline  from  refinery  gases. 

(6)  Desulfurization  of  both  light  and  heavy  fractions. 

(c)  Removal  of  coloring  matter. 

5 — A  thorough  study  of  the  properties  and  utilization  of  various 
grades  of  asphalt. 

American  Chemical  Society  Suggestions 

At  the  meeting  of  the  Petroleum  Section  of  the  American 
Chemical  Society  which  was  held  in  New  York  City  in  1921,  the 
following  subjects  were  recommended  as  suitable  fields  for 
research : 

1 — The  chemistry  of  petroleum  hydrocarbons,  particularly  of 
the  higher  homologs. 

2 — The  chemistry  of  the  sulfur,  nitrogen,  and  oxygen  com- 
pounds in  petroleum. 

3 — The  chemistry  of  sulfuric  acid  refining  of  oils. 

4 — The  chemical  and  physical  changes  undergone  by  lubricat- 
ing oils  used  in  continuous  systems. 

5 — The  causes  and  mechanism  of  color  changes  in  oils. 

The  list  might'  be  supplemented  almost  inilefinitcly  from  the 
fields  of  fuel  and  lubrication. 
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Suggestions  from  an  English  Chemist 

In  considering  the  directions  in  which  organized  scientific 
research  for  the  benefit  of  the  petroleum  industry  can  now  be 
set  on  foot,  it  appears  to  me  that  before  proceeding  to  enumerate 
a  series  of  definite  problems  for  investigation  there  are  some  gen- 
eral considerations  which  ought  to  be  put  on  record. 
,  At  about  the  middle  of  the  last  century  the  development  of  the 
steam  engine  had  reached  such  a  stage  that  before  any  further 
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vital  improvements  could  be  made  and  measurements  of  engine 
efiiciency  carried  out  it  became  essential  that  the  fundamental 
physical  data  relating  to  the  properties  of  water  and  steam  should 
be  determined  with  a  great  deal  more  accuracy  than  that  attained 
at  the  time.  The  classical  work  on  the  steam  engine  done 
by  Regnault  and  his  colleagues  under  the  auspices  of  Emperor 
Napoleon  III  over  a  period  of  about  thirty  years  has  been  until 
quite  lately  the  basis  on  which  all  computations  relating  to  steam 
engineering  were  founded  In  my  view  the  time  has  now  arrived 
when,  in  the  interests  of  the  use  of  oil  fuel  of  all  kinds,  particu- 
larly in  the  various  forms  of  internal  combustion  engine  and  in 
large  steam  boilers,  a  similar  comprehensive  series  of  determi- 
nations of  fundamental  physical  and  chemical  constants  should  be 
carried  out  by  a  competent  organization.  With  the  support  of  the 
combined  oil  interests,  an  attempt  should  be  made  to  improve 
the  technic  of  the  various  processes  of  the  jaineral  oil  industry, 
and  to  this  end  a  comprehensive  and  systematic  series  of  chemical 
and  physical  investigations  is  required. 

1 — It  is  of  course  known  that  nearly  all  petroleum  products, 
whether  light,  medium  or  heavy  oils  or  solids,  are  not  simple  chem- 
ical substances,  but  complex  mixtures,  whose  single  constituents 
are  often  difficult  to  separate  from  one  another.  But  this  diffi- 
culty of  preparation  furnishes  no  excuse  for  our  present  la- 
mentable ignorance  of  the  fundamental  properties  of  many  of 
these  important  bodies,  now  consumed  to  the  extent  of  many 
millions  of  gallons  annually.  I  am  not  exaggerating  when  I 
say  that  the  only  data  we  possess  as  to  many  of  these  sub- 
stances depend  on  determinations  carried  out  years  ago  on 
quite  small  quantities  by  investigators  whose  competence  and 
equipment  left  much  to  be  desired,  and  that  in  many  cases  the 
purity  of  the  substances  in  question  was,  to  say  the  least  of 
it,  extremely  doubtful.  I  think,  therefore,  the  time  has  now 
arrived  when  an  attempt  should  be  made  to  prepare  in  quantity 
in  a  state  of  high  purity  all  the  more  important  members  of  at 
least  three  of  the  main  chemical  series,  the  normal  hydrocarbons 
having  the  formulas  CnHzn+j  C,iH2„  and  C„H2n-j.  When 
these  have  been  properly  studied  it  will  then  be  possible  to  pro- 
ceed to  a  certain  number  of  the  iso  and  cyclo  bodies  of  corre- 
sponding formulas.  The  study  should  include  not  only  the 
usual   properties   mentioned   in   the  textbooks,  but  determina- 


tions of  the  flash  point  and  firing  point  of  each,  as  well  as  fairly 
complete  measurements  of  the  vapor  pressure  of  the  more  im- 
portant members  from  quite  low  temperatures  below  the  freezing 
point  of  the  substances  up  to  and  beyond  their  boiling  point- 
in  fact,  a  systematic  extension  of  the  classical  work  of  Ramsay 
and  Young. 

2 — Bearing  in  mind  that  practically  all  commercial  oils  are 
mixtures  of  several  homologs,  it  wUl  be  desirable  that  as  soon  as 
the  requisite  knowledge  of  the  fundamental  properties  of  the 
pure  constituents  has  been  obtained,  a  study  should  then  be  or- 
ganized on  certain  mixtures,  and  that  the  laws  regulating  the 
dependence  of  the  physical  properties  of  a  mixture  of  oils  on 
those  of  its  constituents  should  be  investigated.  Thus  it  is  highly 
desirable  that  we  should  know  more  of  the  nature  of  the  vapor 
pressure  curves  of  mixtures,  and  should  be  in  a  position  to  pre- 
dict more  accurately,  for  example,  the  influence  on  the  vapor 
pressure  and  flash  point  of  a  given  addition  of  low-flash  oil  to 
one  of  lower  volatility. 

3 — Up  to  the  present  time  the  thermal  properties  of  most 
organic  substances  have  been  investigated  by  means  of  the  cal- 
orimetric  bomb.  In  the  opinion  of  many  of  those  who  have  used 
this  instrument  it  possesses  very  grave  disadvantages,  partic- 
ularly for  application  to  extremely  volatile  oils.  Indeed, 
under  many  circumstances  the  determination  of  the  heat  of 
combustion  of  such  a  substance  as  petrol  by  means  of  this  instru- 
ment may  be  dangerous,  even  though  quite  small  quantities  of 
substance  are  used.  In  my  view  it  is  urgently  necessary  that 
as  a  preliminary  to  the  program  of  systematic  work  outlined 
above,  a  design  should  be  worked  out  for  a  new  calorimeter, 
which  would  probably  be  of  the  flow  pattern  in  which  accurate  re- 
sults could  be  obtained  for  the  gross  and  net  calorific  values  of 
low-boiling  organic  substances. 

4 — An  urgent  requirement  of  the  petroleum  industry  is  that 
more  precise  and  detailed  instructions  should  be  prepared  and 
apparatus  devised  for  carrying  out  the  different  standard  tests 
prescribed.  In  1912,  at  the  Vienna  Congress  of  the  International 
Petroleum  Commission,  proposals  were  made  as  to  the  standard- 
ization of  the  different  types  of  flash  point  tester,  and  it  was 
shown  that  the  original  apparatus  as  devised  by  Sir  Frederick 
Abel,  the  modified  form  used  in  the  British  Colonies,  and  the 
later  German  form  differed  systematically  in  their  indications 
by  amounts  which  were  too  serious  to  be  ignored.  The  work 
of  the  British  National  Physical  Laboratory  and  of  the  American 
Bureau  of  Mines  in  investigating  the  causes  of  these  systematic 
differences  should  be  continued,  with  a  view,  at  a  later  stage,  to 
some  ultimate  international  agreement  being  arrived  at  on  all 
the  more  important  tests  on  the  different  kinds  of  oil  products. 

One  of  the  most  urgent  directions  in  which  further  work  of 
this  kind  is  required  is  in  connection  with  very  low  flash  points, 
since  the  methods  and  apparatus  of  Abel  are  quite  unsuited  for 
work  at  low  temperatures.  Tests  comparable  with  the  Abel 
test,  and  a  proper  form  of  apparatus  for  the  same,  need  to  be 
worked  out  for  motor  spirit  of  all  grades.  In  the  apparatus  for 
this  test  a  suitable  cooling  arrangement  would  take  the  place 
of  the  water  bath  and  burner. 

Similarly,  the  investigation  of  viscosity  by  the  various  types 
of  apparatus  in  use  greatly  requires  systematizing,  and  the  true 
relation  between  viscosity,  lubricating  value,  and  chemical 
composition  requires  more  detailed  investigation.  In  view  of 
the  widespread  introduction  of  hea\'y  fuel  oil  into  marine  work, 
the  whole  question  of  the  viscosity  and  setting  points  of  heavy 
oils  needs  n:\uch  further  systematic  study,  in  order  that  the  prob- 
lems arising  in  cormection  with  the  storage  and  transport  of 
heavy  oil  may  be  adequately  dealt  with. 

5 — It  is  very  desirable  that  the  limits  of  explosibility  of  oil 
vapors  with  air  and  oxygen  should  be  more  thoroughly  investi- 
gated than  at  present,  and  the  influence  of  pressure  and  temper- 
ature on  these  limits  should  be  studied  over  a  considerable  range. 
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C — It  is  well  known  that  in  the  cracking  process  the  general 
basis  of  the  reactions  occurring  is  that  heavy  hydrocarbons  can 
be  made  to  split  up  into  bodies  consisting  of  smaller  and  lighter 
molecules.  In  general  it  is  found  that  a  body  of  the  formula 
CnHjn+o  splits  up  into  two  smaller  portions  of  half  the  molec- 
ular weight.  It  would,  however,  in  general  be  more  advanta- 
geous if  the  cracking  could  be  so  designed  that  instead  of  division 
of  a  long  chain-type  molecule  into  two  equal  portions,  the  sev- 
erance could  be  made  in  such  a  way  that  the  pieces  were  more  like 
two- thirds  and  one-third  or  three-fourths  and  one-fourth,  seeing 
that  nowadays  the  object  of  nearly  all  cracking  is  to  obtain  a  large 
proportion  of  the  lightest  possible  spirit.  An  extension  of  such 
work  as  that  of  Rittman  in  America  and  of  Ashcroft  in  England, 
with  a  view  to  determining  the  conditions  favorable  to  the  for- 
mation of  low-boiling  hydrocarbons  of  the  paraffin  series,  as 
well  as  of  the  lower  members  of  the  aromatic  series,  is  one  of  the 
most  urgent  lines  of  new  investigation.  It  should  be  undertaken, 
in  the  first  instance,  not  by  engineers  but  by  physical  chemists 
having  a  thorough  knowledge  of  phase-rule  chemistry  and  re- 
versible reactions.  Engineers  can  afterwards  be  called  upon  to 
build  up  manufacturing  processes  upon  the  foundation  thus  laid. 

The  use  of  catalysts  in  facilitating  the  production  of  lighter 
hydrocarbons  from  petroleum  should  also  be  systematically 
studied.  Already  promising  results  have  been  obtained  on  the 
application  of  catalysis  to  the  production  of  petrol. 

7 — In  the  utilization  of  motor  spirit  many  inconveniences  are 
caused  if  the  spirit  in  question  contains  hydrocarbons  which  tend 
to  become  gummy.  It  is  well  known  that  cracked  spirit,  the 
use  of  which  is  rapidly  extending,  contains  bodies  in  which  spon- 
taneous slow  changes  may  subsequently  take  place,  and  a  grade 
of  spirit  having  no  objectionable  properties  when  fresh  may 
polymerize  or  suffer  slow  oxidation,  and  the  percentage  of  hy- 
drocarbons of  a  gummy  character  may  become  greatly  in- 
creased merely  on  standing.  The  cause  of  this  phenomenon  is 
very  obscure,  and  it  is  desirable  that  the  nature  of  those  bodies 
which  are  objectionable  should  be  thoroughly  investigated  and 
that  the  changes  which  go  on  in  cracked  spirit,  tending  to  re- 
strict its  usefulness,  should  be  properly  studied,  with  a  view  to 
mitigate  or  prevent  them  completely. 

Suggestions  from  American  Mechanical  Engineers.    Pro- 
gram OF  Investigation  of  Fuels  Used  in  Internal 
Combustion  Engines 

For  the  purpose  of  increasing  combustion  efficiency,  reducing 
noxious  quality  of  exhaust  gas,  development  of  wider  range  of 
fuel,   and   reduction   of   waste   through   imperfect  combustion. 

1 — Influence  of  composition  of  fuels  on  composition  of  ex- 
haust gases. 

Efifect  of  physical  properties  of  fuel : 

(a)  Volatility. 

(6)  Distillation  range. 

(c)  Viscosity. 

(d)  Density. 

Effect  of  chemical  properties: 

(c)  Chemical  composition. 

if)  Ratio  of  carbon  to  hydrogen. 

(g)  Degree  of  unsaturation. 

(h)  Addition  of  substances  to  improve  combustion  or  prevent  detonation. 

(»)  Effect  of  catalyzers. 
2 — The  behavior  in  internal  combustion  engines  of  liquid  fuels 
produced  by  different  processes. 

3 — Experimentation  with  new  type  engines  for  tractors  and 
trucks   using   low-grade   fuels,    such   as   topped   oils,   tars,   etc. 
4 — Adaptation  of  engine  structure  to  available  fuels: 

(o)  Carburetor. 

(b)  Manifold. 

(c)  Compression. 

(d)  Ignition. 

(,e)  Lubrication. 
CO  Stroke,  etc. 

5 — Standardization  of  oil  well  supplies. 


6 — Heat  treatment  of  drill  steels  and  development  of  improved 
drilling  methods. 

An  American  chemist  comments  as  follows  on  a  few  prob- 
lems selected  at  random  from  the  preceding  list. 

Distillation 

In  the  distillation  of  kerosene,  wax  distillate  and  lubricating 
oils,  steam  is  usually  used  with  direct  fire  under  the  still,  to  pre- 
vent decomposition  of  the  hydrocarbon  oils  treated.  A  thorough 
testing  of  vacuum  distillation  instead  of  the  use  of  steam  in  the 
refining  of  kerosene,  wax  distillate,  and  lubricating  oils  should  be 
worked  out  at  a  really  low  vacuum  with  the  view  of  using  low 
vacuum  in  the  distillation  of  petroleum  oils.  The  distillation  of 
kerosene,  gas  oil,  and  residuum  from  paraffin,  semi-paraffin  and 
asphaltic  oils  under  heat  and  pressure  lend  themselves  to  re- 
search so  that  industrial  methods  may  be  worked  out  to  crack 
oils  for  general  use  by  refineries.        , 

Specific  Heat  and  Heat  Vaporization  of  Petroleums 

The  specific  heat  of  liquids,  latent  heat  of  vaporization,  and 
specific  heat  of  the  gaseous  hydrocarbons  and  petroleum  oils 
and  their  distillation  products  is  of  importance  to  the  refiner. 
With  a  knowledge  of  these  three  physical  constants  one  could 
calculate  the  square  feet  of  heating  area  to  a  still,  furnish  con- 
struction, condensing  areas  of  vapor  lines  and  water  condensing 
areas  in  closer  agreement  with  what  is  required  in  commercial 
installations.  They  would  be  of  high  importance  in  the  crack- 
ing of  petroleum  oils,  in  working  up  ratios  of  heating  surface  of  the 
still  to  the  vapor  line,  aerial  condensers  and  water  condensers  per 
gallon  of  oil  treated,  per  gallon  of  pressvu-e  distillate,  and  per  gal- 
lon of  gasoline  made  per  unit  of  time. 

Treatment  of  Distillation  Products  of  Petroletim 

Investigation  of  the  use  of  other  acids  than  sulfuric  in  the 
refining  of  petroleum  distillates  with  a  view  to  finding  reaction 
products  which  will  lend  themselves  to  further  chemical  products 
for  commercial  use.  There  seems  to  be  no  doubt  that  for  cer- 
tain oils  hydrochloric  acid  would  give  hydrocarbon  chlorides 
which  upon  hydrolysis  would  yield  alcohols  for  use  perhaps  in 
the  formation  of  condensation  products  useful  as  insulation  ma- 
terial and  for  other  purposes. 

Filtering  Materials  in  Refining 

Fuller's  earth  and  a  number  of  re-burnings  of  the  same  for 
re-use  with  control  factors  such  as  microscopic  examination  dur- 
ing burning.  Investigation  as  to  the  factors  involved  such  as 
absorption  phenomena  as  a  function  of  the  size  of  the  particles. 
Also  the  regeneration  of  the  filtering  qualities  of  the  earth  while 
still  on  the  filter  bed,  instead  of  sending  to  "bone  burning  house" 
to  be  regenerated  at  high  temperatures  with  incident  deprecia- 
tion of  its  filtering  qualities. 

Solvents 

Sulfur  dioxide  lends  itself  to  the  separation  of  hydrocarbon 
groups  and  should  be  studied  on  a  scmicommcrcial  scale,  with  a 
view  to  separating  the  particularly  interesting  groups  of  naph- 
thene  hydrocarbons  which  are  so  abundant  in  some  of  our  crude 
oils.  This  might  well  lead  to  a  whole  series  of  commercial 
dyes  being  made,  from  the  naphthenes  as  a  base.  Alcohol  and 
other  solvents  should  also  be  studied. 

Constituents  op  Petroleum 

The  work  of  Warren  and  Mabery  on  the  constituents  of  petro- 
leum oils  has  been  of  the  l)igliest  value  to  every  one  connected 
with  the  scientific  as  well  as  the  technical  side  of  the  petroleum 
art.  However,  our  knowledge  is  meager  compared  to  what  is 
yet  undone.  For  illustration,  our  knowledge  of  the  constituent 
hydrocarbons  making  up  lubricating  oils  is  well  nigh  a  blank. 
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and  so  much  depends  upon  the  quality  of  these  oils.  A  thorough 
knowledge  of  the  properties  of  these  hydrocarbons  would  throw 
a  flood  of  light  upon  just  what  hydrocarbons  have  the  lubricat- 
ing qualities  for  the  specific  work  in  hand — such  as  for  aeroplane 
iise  in  warfare,  where  so  much  depends  upon  superior  oils.  To 
get  at  the  whole  lubricating  problem,  it  seems  to  be  necessary 
to  know  the  hydrocarbons  in  the  lubricating  oil  before  one  can 
state  what  it  is  that  gives  an  oil  the  quality  of  adhering  to 
two  surfaces  without  breaking  down  under  the  temperatures 
and  pressures  of  the  surfaces. 
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Old  Tannehill  Furnace,  Republic  Iron  &  Steel  Company 

Emulsion  Oils 

The  production  of  emulsion  oils  in  the  United  States  is  rela- 
tively large  and  much  research  is  necessary  so  as  to  break  down 
the  emulsion  economically.  An  immense  amount  of  work  is 
ahead  to  determine  the  characteristics  of  the  varied  emulsion 
crude  oils  and  bottom  settlings  in  tanks,  for  millions  of  gallons 
are  wasted  yearly  as  a  result  of  the  difficulty  in  handling  this 
material.  It  is  not  clear  as  to  how  the  water  is  dispersed  in 
the  hydrocarbon  oils,  but  it  seems  reasonable  to  suppose  that 
part  of  the  water  is  present  in  the  hydrated  form,  adding  to  the 
difficulties  of  handling  the  oil  due  to  puking  or  frothing  of  the 
still  charge  when  the  hydrate  breaks  down  into  water  and  hydro- 
carbon liquid  at  a  temperature  above  the  boiling  point  of  water. 
A  suggested  research  would  be  to  isolate  a  series  of  hydro- 
carbon hydrates  from  emulsion  oils  or  to  make  a  set  from  known 
hydrocarbons  of  varied  molecular  weight. 

Elimination  of  Redistilling  of  Distillates  from  Crude  Oils 

A  large  saving  in  economic  wealth  could  be  obtained  in  the 
average  refinery  by  installing  proper  fractionating  columns  upon 
the  crude  still  so  as  to  make  one  cut  for  finished  gasoline  without 
going  through  the  usual  redistillation  of  the  crude  gasoline  or- 
dinarily distilled  off  the  crude.  This  holds  for  the  kerosene  cut 
also.  This  method  of  operation  would  cut  down  not  alone  the 
fuel  cost  but  also  the  number  of  stills  for  a  given  output.  The 
uncondensable  gas  loss  in  refinery  practice  is  large  but  would  be 
cut  down  by  making  one  cut  off  the  crude  for  its  gasoline  and 
kerosene  content.  The  treatment  with  acid  and  caustic  soda 
for  the  gasoline  would  be  eliminated  when  using  Pennsylvania 
and  most  of  the  mid-continent,  Kentucky,  and  Virginia  crude. 

Gas  Oil 

More  efficient  methods  of  cracking  gas  oil  into  marketable 
gasoline  and  kerosene  so  as  to  cut  down  the  excessive  fuel  cost 
involved  in  producing  gasoline  by  the  successful  process  now  in 
use.  Also  to  work  out  atmospheric  pressure  processes  by  the 
use  of  catalyzers.  Increase  fi.xed  gas  yields  for  heating  and  light- 
ing purposes,  to  the  gallon  of  gas  oil  from  gas  making  apparatus. 
To  utilize  gas  oil  for  more  economic  purposes  than  fuel  oil. 


Wax  Distillate 

The  treatment  of  wax  distillate  in  one  stage  to  convert  the 
amorphous  wax  into  crystalline  (so  that  it  will  readily  press  out 
in  the  filter  presses)  in  the  crude  stills  instead  of  the  usual  prac- 
tice to  recrack  the  wax  distillate  in  another  still  cracking  the  same 
at  atmospheric  pressure.  Centrifuging  experiments  for  the  re- 
moval of  amorphous  and  crystalline  wax  from  their  hydrocarbon 
solvent. 

Foots  Oil 

Eoots  oil  is  an  intermediate  cut  from  the  wax  distillate  which 
is  re-cycled  and  re-cycled  in  the  refinery  and  contains  wax  which 
should  be  recovered.  It  would  mean  tons  of  wax  a  day  recovery 
to  the  industry. 

Lubricating  Oil 

The  acid  treatment  of  lubricating  oils  and  the  treatment  of 
emulsions  which  occur  from  neutralizing  and  water  treatment  of 
the  same  after  acid  treatment.  The  distillation  of  the  lubri- 
cating oils  by  means  of  vacuum  instead  of  use  of  steam  at  atmos- 
pheric pressure  should  be  tested  out  for  economy  and  production. 
The  problems  in  connection  with  filtering  of  lubricating  oils  to 
color,  flash,  fire,  and  viscosity  and  by  the  use  of  filtering  mate- 
rials that  have  specific  action  upon  the  different  types  of  hydro- 
carbon, instead  of  as  at  present  the  use  of  fuller's  earth  and  bone- 
black,  would  be  valuable.  Also  the  investigations  of  solvents  for 
the  refining  of  lubricating  oils  instead  of  acid  and  caustic  treat- 
ment in  filtering  such  as  liquid  sulfur  dioxide  and  other  solvents. 

Casinghead  Gas 

To  work  up  a  series  of  commercial  solvents  which  wiU  have 
selective  solubility  for  specific  hydrocarbons  in  the  casinghead 
gas  so  as  to  utilize  the  same  for  other  purposes  than  internal 
combustion  engine  use. 

Color  of  Hydrocarbon  Oils 

To  determine  the  color  from  light  lemon  to  deep  red  of  the 
various  petroleum  products  and  what  the  colors  are  due  to  with 
a  view  to  making  water-white  lubricating  oils.  My  present  view 
is  that  the  color  in  the  main  is  due  to  colloidal  carbon.  However, 
this  has  not  been  determined  experimentally. 

Tests  op  Petroleum  Products 

The  present  control  of  petroleum  products  is  highly  variable 
on  account  of  the  human  element,  making  it  difficult  to  check 
results  in  different  parts  of  the  country  apparently  using  the  same 
instruments.  It  seems  necessary  to  work  out  tests  that  are 
practically  mechanical  in  their  operation,  readily  duplicable  by 
any  two  operators  and  cutting  out  highly  skilled  technicians. 

Sulfur  Oils 

Many  suggestions  have  been  made  that  investigations  are 
necessary  of  the  sulfur  oils  and  gaseous  products  coming  off  the 
stills.  These  gases  have  a  deleterious  effect  upon  the  health  of 
the  men;  in  addition  a  form  of  rash  appears  upon  the  skin,  and 
they  also  cause  conjunctivitis.  It  has  been  found  that  vapor 
and  gases  from  the  crudes  containing  a  high  sulfur  content  have 
a  narcotic  effect  upon  the  workmen.  The  constituents  of  these 
gases  are  not  known.  It  is  known,  however,  that  hydrogen 
sulfide  is  present  but  arsine  and  stibine  have  not  been  isolated, 
and  it  is  of  interest  that  the  American  Petroleum  Institute  and 
the  United  States  Bureau  of  Mines  have  just  started  an  in- 
vestigation to  cover   the  three  fundamental  factors   involved: 

(1)  to  determine  the  constituents  of  these  vapors   and  gases, 

(2)  the  amount  of  concentration,  and  (3)    a  gas  mask  to  be 
developed  to  protect  the  workmen. 
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Some  Physical  Properties  of  Rubber  Compounded  with  Light 

Magnesium  Carbonate" 


By  H.  W.  Greider' 


Mellon  Instituts  of  Industriai,  Resbarch,  Pittsburgh,  Pennsylvania 


Light  magnesium  carbonate  is  a  light  inorganic  filler  for  rubber 
which  has  heretofore  received  little  attention  from  American  rubber 
technologists.  In  this  paper  there  are  given  data  showing  that  this 
material  behaves  as  a  typical  reinforcing  pigment,  increasing  the 
tensile  strength,  hardness,  stiffness,  and  resilient  energy  capacity 
of  rubber  in  which  it  is  compounded.  Comparison  has  been  made 
between  the  physical  properties  of  rubber  compounded  with  magnesium 
carbonate  and  with  other  commercial  rubber  reinforcing  fillers, 
including  zinc  oxide,  gas  black,  prepared  china  clay,  and  colloidal 
barium  sulfate.  The  results  indicate  that  magnesium  carbonate 
is  exceeded  in  reinforcing  power  only  by  gas  black,. 

Special  consideration  is  given  to  the  principal  disadvantage  of 
magnesium  carbonate  in  rubber,  viz.,  the  property  of  high  permanent 
set  imparted  to  the  vulcanized  product,  which  is  attributable  to  the 
definite  crystalline  or  nonamorphous  character  of  the  particles. 
The  author  believes  that  the  application  of  the  principles  of  colloid 
chemistry  to  the  conditions  of  the  commercial  precipitation  process 
will  enable  this  material  to  be  prepared  in  an  amorphous  form  which 
will  make  it  much  more  valuable  as  a  rubber  compounding  material, 
by  reducing  the  objectionable  permanent  set  and  enhancing  the  ten- 
sile strength  and  toughness  of  rubber  compounded  with  it. 

LIGHT  magnesium  carbonate,  the  chemically  precipi- 
tated basic  hydrated  carbonate  of  magnesium,  is  not  a 
new  compounding  material  to  the  rubber  industry  of 
this  country  although  it  has  never  had  the  extensive  and 
general  use  as  a  toughening  and  reinforcing  filler  in  Ameri- 
can rubber  compounding  practice  which  it  has  found  in  Brit- 
ish and  Continental  rubber  manufacturing.  The  EngUsh 
rubber  chemist's  knowledge  of  and  experience  with  mag- 
nesium carbonate  is,  therefore,  considerably  greater  than 
our  own.  The  reason  for  this  may  be  explained  by  the  fact 
that  rubber  compounding  practice  has  developed  along 
rather  different  lines  in  this  country  from  in  Europe, 
particularly  with  respect  to  the  adoption  of  gas  black  as 
a  reinforcing  pigment.  The  future  for  gas  black  does  not 
seem  particularly  encouraging  at  this  time  omng  to  the 
rapidly  decreasing  supply  of  natural  gas  available  for  its 
manufacture  and  to  various  actual  or  threatened  legislative 
restrictions  on  the  use  of  natural  gas  for  the  production  of 
this  material.  The  rubber  industry  is,  therefore,  very  properly 
concerned  mth  the  discovery  of  new,  light,  inorganic, 
"active"  fillers,  and  is  interested  in  the  further  development 
and  improvement  of  those  which  it  already  uses.  Some 
American  rubber  manufacturers  use  considerable  amounts 
of  magnesium  carbonate;  others  use  very  little  or  none  at 
all,  and  it  is  beheved,  therefore,  that  some  of  the  data 
here  presented,  on  the  physical  properties  and  mechanical  be- 
havior of  rubber  compounded  with  light  magnesium  carbon- 
ate, will  be  of  interest  to  those  rubber  technologists  who  have 
not  previously  given  this  material  much  attention  or  study. 
The  raw  material  for  the  manufacture  of  light  carbonate  of 
magnesia  is  dolomite  rock,  high  magncsian-limcstonc,  of  which 

'  Received  March  25,  1922.  Presented  before  the  Division  of  Rubber 
Chemistry  at  the  03rd  Meeting  of  the  American  Chemical  Society,  Birming- 
ham, Ala.,  April  3  to  7,  1922 

'  The  data  presented  in  this  paper  summurizc  the  more  significant  por 
lions  of  tlie  results  of  an  investigation  of  this  material,  carried  out  at  the 
Mellon  Institute  of  Industrial  Research,  for  the  Magnesia  Association  of 
America. 

'  Industrial  Fellow,  Mellon   Institute  of  Industrial  Research. 


there  are  enormous  deposits  in  this  country  and,  in  fact,  all 
over  the  world,  so  that  there  is  no  possibility  of  a  future  ex- 
haustion of  the  raw  material  suppUes  for  the  manufacture 
of  this  product.  A  number  of  the  deposits  which  are  being 
worked  commercially  at  the  present  time  are  in  Pennsyl- 
vania, convenient  to  the  manufacturing  centers  and  markets 
of  the  Eastern  and  Central  States.  The  companies  now  manu- 
facturing light  magnesium  carbonate  have  producing  ca- 
pacity ample  to  supply  any  possible  needs  of  the  rubber  in- 
dustry without  the  installation  of  additional  equipment. 
It  should  be  remarked  that,  since  magnesium  carbonate  is 
manufactured  by  a  chemical  precipitation  process,  its  pro- 
duction cost  win  necessarily  be  greater  than  the  costs  of  nat- 
urally occurring  materials  which  require  only  a  minimum 
amount  of  treatment  to  prepare  them  for  use  in  compound- 
ing; the  principal  factors  in  the  cost  of  magnesium  carbonate 
being  coal  and  labor,  both  of  which  items  may  be  subject  to 
some  downward  revision  in  the  future. 

Basic  magnesium  carbonate  may  be  manufactured  from 
any  soluble  magnesium  salt  by  treating  it  in  solution  with  an 
alkali  carbonate,  but  the  product  so  obtained  is  likely  to  be 
rather  variable  in  composition  and  not  extremely  finely 
divided.  The  light  carbonate  offered  to  the  rubber  industry 
as  a  compounding  material  is  prepared  commercially  in  this 
country  by  the  rapid  heating  of  a  solution  of  magnesium  acid 
carbonate,  and  this  process  gives  a  very  white,  soft,  bulky, 
finely  divided  form  of  the  material,  of  uniform  composition. 
The  formula  ordinarily  given  for  the  composition  of  the  sub- 
stance in  the  dry  form  is  4MgC03.Mg(OH)2.5H20,  but 
numerous  analyses  of  the  commercial  material  seem  to  indi- 
cate that  it  corresponds  actually  more  nearly  to  such  a  formula 
as:  llMgC03.3Mg(OH)2.11H20.  The  composition  varies 
slightly  according  to  the  conditions  obtaining  in  the  produc- 
tion proc&sses,  particularly  the  concentration  of  the  magne- 
sium acid  carbonate  solution  and  the  rate  of  heating  of  this 
solution,  but  under  rigid  control  of  the  process  the  composi- 
tion of  the  product  will  be  constant.  The  commercial  car- 
bonate of  magnesia  is  usually  practically  chemically  pure, 
containing  only  traces  of  iron  and  alumina,  no  silica,  and 
considerably  less  than  1.0  per  cent  of  lime  as  calcium  carbon- 
ate. On  samples  free  from  hygroscopic  moisture  it  gives  an 
ignition  loss  varying  from  about  54.5  to  56.8  per  cent.  At 
ordinary  temperatures  it  is  inert  to  most  chemical  influences 
except  the  action  of  acids,  which  dissolve  it,  forming  soluble 
magnesium  salts.  No  decomposition  takes  place  on  heating 
to  temperatures  below  265°  C.  (509°  F.),  a  temperature  much 
above  that  to  which  rubber  products  may  be  safely  subjected, 
either  in  the  vulcanization  process  or  subsequently.  It 
seems  probable  that  the  water  in  the  above  chemical  formula 
for  the  material  is  not  ordinary  water  of  crystallization,  but 
water  of  constitution. 

With  regard  to  its  use  in  rubber,  its  volume  cost  per  unit 
of  reinforcing  effect,  or  per  cubic  foot  of  rubber  compounded 
with  it,  will  be  small,  owing  to  its  low  density,  and  considera- 
bly less  than  that  of  heavy  pigments,  such  as  zinc  oxide  or 
barium  sulfate. 

Light  magnesium  carbonate  has  an  absolute  density  of 
about  2.18,  although  some  figures  rather  lower  than  this  have 
been  given.     It  is,  therefore,  one  of  the  lightest  of  the  min- 
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eral  inorganic  fillers  and  gives  a  vulcanized  rubber  of  low 
specific  gra-idty,  although  somewhat  higher  than  that  given 
by  gas  black  or  lampblack.  The  individual  crystals  have  a 
distinct  acicular  crystal  form  and  are  very  friable.  Exami- 
nation under  the  microscope  shows  an  average  particle  size  of 
somewhat  less  than  a  micron,  with  a  few  larger  crystals,  al- 
though the  particle  size  varies  somewhat  in  the  product  of 
different  manufacturers  and  "will  depend  on  the  control  of  the 
conditions  of  precipitation  and  upon  the  completeness  of  the 
pulverization  process.  The  carbonate  shows  only  a  very 
sUght  solubility  in  water,  about  0.035  g.  of  the  oxide  dis- 
sohlng  in  a  Uter,  and  gi^^ng  the  solution  a  reaction  alkaline 
to  thymol  phthalein  indicator. 

Except  with  respect  to  investigations  of  the  effects  of  va- 
rious mineral  and  organic  accelerators,  there  has  been,  until 
recently,  but  scant  information  regarding  compounding  in- 
gredients in  the  literature  of  rubber  technology.  Toughening 
and  reinforcing  fillers  were,  of  course,  always  differentiated 
in  the  practical  work  of  the  rubber  technologist  from  ordinary 
coarse  fillers  and  inert  pigments,  but  very  httle  data  compar- 
ing the  actual  physical  behavior  of  different  fillers  in  rubber 
were  published  until  W.  B.  Wiegand''  studied  the  effects  on 
the  stress-strain  relationships  of  rubber,  obtained  with  sev- 
eral common  compounding  materials,  and  brought  forward  the 
concept  of  energy  of  resilience  in  rubber.  Wiegand  divides  all 
rubber  fillers  into  two  groups,  according  to  whether  the  aver- 
age particle  size  is  extremely  small  or  whether  the  particles  are 
relatively  coarse.  The  reinforcing  effect  of  rubber  pigments  he 
considers  to  be  a  function  of  the  surface  area  exposed  to  the 
rubber  by  unit  volume  of  the  material,  aside  from  specific 
surface  and  cohesion  effects  and,  therefore,  dependent 
upon  the  fineness  of  division  of  the  particles.  He  suc- 
ceeded in  showing  that  aU  the  rubber  fiUers  he  studied, 
which  modify  the  stress-strain  curve  in  such  a  way  as  to  en- 
able the  rubber  to  exhibit  high  total  resilient  energy,  are 
those  which  are  verj'  finely  divided.  These  fillers,  which  are 
relatively  few  in  number,  he  designates  as  "active"  fillers  or 
reinforcing  pigments,  whereas  the  coarse  fibers,  which  do  not 
greatly  modify  the  stress-strain  curve  and,  therefore,  only 
dilute  the  rubber  and  attenuate  its  tensile  strength,  ultimate 
elongation,  and  resilient  energj'  capacity,  in  whatever  pro- 
portion they  may  be  used,  he  refers  to  as  physically  inert 
fillers.  Resilient  energy  capacitj',  according  to  Wiegand,  is 
a  measure  of  the  reinforcing  or  toughening  effect  obtained 
with  various  fillers  and  he  relates  it  also  in  a  theoretical  way 
to  abrasive  wear  resistance. 

Wiegand  did  not  include  light  magnesium  carbonate  among 
the  rubber  pigments  studied  by  him,  and  aside  from  mere  oc- 
casional mention  of  its  action  as  a  mUd  accelerator  of  vid- 
canization,  the  work  of  C.  O.  North^  seems  to  be  the  only 
investigation  so  far  pubhshed  in  which  the  behavior  of  this 
material  in  rubber  is  described.  North  made  a  comparative 
study  of  zinc  oxide,  gas  black,  magnesium  carbonate,  lithopone, 
barj-tes,  and  tripoU  flour,  in  mixes  containing  rubber  and 
sulfur  only,  with  respect  to  the  effects  of  these  fillers  on  the 
physical  properties  of  the  ^■ulcanized  rubber.  He  found  that, 
in  the  type  of  basic  mix  he  used,  magnesium  carbonate  gave 
its  maximima  effect  on  tensile  strength  at  six  volumes  of  the 
carbonate  to  each  one  hundred  volumes  of  rubber,  this  tensile 
being  higher  than  that  obtained  with  any  other  filler,  except 
gas  black.  For  proportions  of  magnesium  carbonate  be- 
tween six  and  fifteen  volumes  per  one  hundred  of  rubber,  he 
obtained  values  for  tensile  strength  "corrected"  to  the  basis  of 
100  per  cent  rubber  in  the  stock,  which  were  equal  to  or 
slightly  greater  than  the  highest  values  obtained  for  zinc 
oxide,  but  not  as  great  as  given  by  larger  proportions  of  gas 

'  Can.  Chem.  J.,  4  (1920).  160;   This  Journal.  13  (1921),  118. 
» India  Rubber  World.  63  (1920),  9S. 


black.  For  the  same  proportions  of  magnesium  carbonate  he 
obtained  calculated  values  for  tensOe  product.,  and  for  ten- 
sile product  "corrected"  to  100  per  cent  rubber,  which  were 
greater  than  similar  values  obtained  for  gas  black,  zinc  oxide, 
or  the  other  fillers  studied. ,  This  last  result  means,  of  course, 
that  magnesium  carbonate  gives  rubber  ha\dng  high  tensile 
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strength  combined  with  high  ultimate  elongation  values. 
North  also  gave  data  showing  the  high  permanent  set  given 
by  magnesium  carbonate  and  attributed  to  this  effect  the 
fact  that  American  compounders  had  not  used  this  filler  to  a 
very  great  extent. 

Experimental  ^Method 

All  the  rubber  samples  described  in  this  paper  were  pre- 
pared under  experimental  conditions  maintained  as  nearly 
uniform  as  possible,  with  respect  to  the  composition  of  the 
basic  mix,  incorporation  of  the  fillers  on  the  mill,  calendering, 
and  vulcanization.  The  basic  mix  adopted  had  the  following 
composition  in  parts  by  weight : 

First  quality  pale  crepe 100 

Litharge 30 

Sulfur ^ 

This  basic  mix  is  similar  to  that  used  by  Wiegand  in  the  in- 
vestigation referred  to  above,  except  that  pale  crepe  rubber 
was  used  in  place  of  fine  Para.  The  difficulty  in  obtaining 
a  satisfactorj''  grade  of  cleaned  and  dried  Para  at  the  time 
this  work  was  begun  made  this  change  seem  advisable.  In 
parts  by  volume  this  mix  contains : 

First  quality  pale  crepe 100 

Litharge 3 

Sulfur 2.5 

The  purpose  of  using  this  type  of  basic  mix  containing  a 
considerable  excess  of  Utharge  as  accelerator  was  to  make  it 
possible  to  cure  all  the  samples  for  a  fi.xed  period  of  time  and  to 
avoid  the  preparation  of  a  series  of  cures  for  each  proportion 
of  filler  of  which  the  effect  was  to  be  studied.  The  values  ob- 
tained for  physical  properties  should  also  be  somewhat  nearer 
to  those  which  can  be  produced  in  the  factory  than  is  likely 
to  be  the  case  in  samples  cured  for  a  longer  period  with  sul- 
fur only,  where  the  harmful  effects  of  the  longer  period  of 
heating  on  the  samples  may  vitiate  the  results. 

In  this  work  two  different  lots  of  pale  crepe  rubber  were 
used.  The  first  lot,  used  in  preparing  samples  compounded 
with  various  proportions  of  magnesium  carbonate,  gave  a 
practically  flat  state  of  cure  curve  (judged  from  tensile 
strength  values)  over  a  curing  period  from  40  to  50  min.  at 
42  lbs.  steam  pressure  (143°  C.)  when  the  samples  were  vul- 
canized in  one-eighth  inch  thick  sheet-molds  in  a  press  at 
2500  to  3000  lbs.  pressure.    The  basic  mix  sample  showed  its 
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optimum  aging  qualities,  both  with  respect  to  accelerated 
aging  and  weathering  tests,  when  cured  45  min.,.  and  the  same 
was  found  to  be  the  case  when  the  stock  contained  15  vol- 
umes magnesium  carbonate,  and  this  was,  therefore,  selected 
as  the  curing  period  for  all  samples  prepared  from  this  lot  of 
rubber.  The  second  lot  of  rubber  used  in  preparing  stocks 
in  which  magnesium  carbonate  and  other  fillers  were  com- 
pared, was  found  to  give  its  optimum  cure,  both  with  re- 
spect to  tensile  and  aging  qualities  at  a  49-min.  period,  which 
was,  therefore,  adopted  as  the  best  cure  for  all  samples  pre- 
pared from  that  lot.  It  was  found,  in  curing  samples  pre- 
pared from  both  these  lots  with  sulfur  only,  that  both  were 
decidedly  slow  curing  in  the  absence  of  an  accelerator.  No 
difficulty  was  experienced  in  obtaining  satisfactory  cures 
in  the  litharge-pale  crepe  mix  described  above  and  the  re- 
sults obtained  may  easOy  be  duplicated.  The  excess  of 
litharge  used  was  suiBciently  great  so  that  no  difference  in  the 
cures  when  larger  proportions  of  magnesium  carbonate  were 
used  was  observed,  although  North's*  data  showed  that  in  a 
rubber-sulfur  mix  the  accelerating  effect  of  the  larger  propor- 
tions of  magnesium  carbonate  was  quite  appreciable.  Rubber 
cured  with  an  excess  of  litharge  accelerator  was  found  to  be 
considerably  stiffer  and  much  less  extensible  than  when  cured 
with  sulfur  only. 

Three  series  of  rubber  samples  were  prepared  to  obtain  the 
data  given  in  this  paper.  In  the  first  series  the  samples  were 
compounded  with  proportions  of  magnesium  carbonate  vary- 
ing from  three  to  forty  volumes  per  one  hundred  volumes  of 
rubber  in  the  compound.  In  the  second  series  hght  magne- 
sium carbonate  in  the  proportion  by  volume  found  to  give 
the  maximum  reinforcing  effect  (nine  volumes)  was  com- 
pared with  four  other  inorganic  reinforcing  fiUers  in  the  same 
volume  ratio:  zinc  oxide,  gas  black,  prepared  china  clay, 
and  colloidal  barium  sulfate.  Rubber  stocks  compounded 
with  mixtures  df  light  magnesium  carbonate  with  these  same 
fillers,  varying  the  proportions  by  regularly  spaced  increments, 
but  maintaining  the  same  total  number  of  volumes  of  filler  in 
each  compound,  were  also  studied.  The  third  series  in- 
cluded samples  compounded  with  twenty  volumes  magnesium 
carbonate,  with  twenty  volumes  zinc  oxide,  and  with  va- 
rious mixtures  of  these  two  fiUers,  having  in  each  case  a  total 
of  twenty  volumes  filler  in  the  compound. 

The  materials  used  in  the  preparation  of  these  rubber 
stocks  were  the  best  standard  materials  available  in  the 
market  for  use  in  rubber  compounding,  including  zinc  oxide 
of  the  highest  quality,  a  superior  grade  of  gas  black,  and  im- 
palpable sulfur.  The  china  clay  was  a  finely  divided  mate- 
rial especially  prepared  for  rubber  compounding  and  the 
colloidal  barimn  suU'ate  was  a  high  quality,  highly  dispersed 
product  much  superior  to  ordinary  barytes.  The  magnesium 
carbonate  was  the  ordinary  hght  technical  grade. 
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Physical  Tests 

The  physical  tests  carried  out  upon  all  the  samples  dis- 
cussed in  this  paper  included; 

TENSILE  STRENGTH  AND  ULTIMATE  ELONGATION — -These  valueS 

were  obtained  on  a  Scott  testing  machine  using  standard  0.25-in. 
width  dumb-bell  test  strips.  The  results  accepted  as  represent- 
ing the  actual  values  for  these  properties  are  in  every  case  the 
average  of  the  results  from  not  less  than  five  samples  from  the 
same  sheet,  the  principle  having  been  adopted  of  discarding 
results  which  were  at  great  variance  with  the  average  and  those 
in  which  premature  failure  of  the  test  piece  was  obviously  due  to 


Uftimat'e  £.fongotfOn  of  ffi/hber 


■7^ 3*^ 


Volirmti  /^agnmuni  Carbcyraft  fo  too  Vo/o/rlti  Rubber 
Fio.  2 


Volumes  /la^ncsiuirj  Ccrbomte  to  100  Volumes  /Pi/bber 
Fig.  3 

flaws  in  the  sheet.  Complete  stress-strain  curves  for  all  the  sam- 
ples were  obtained  on  the  Scott  testing  machine,  using  two  ob- 
servers to  secure  the  readings  for  the  points  on  the  curve. 

TENSILE  STRESS  AT  300  PER  CENT  ELONGATION — The  Value 
for  the  load  at  300  per  cent  elongation  for  each  sample  was  ob- 
tained directly  from  the  stress-strain  curve  plotted  from  the  data 
obtained  as  just  described.  ^ 

TOTAL  ENERGY  OF  RESILIENCE,    AND  ENERGY  ABSORBED  AT  300 

PER  CENT  ELONGATION — Total  energy  of  resilience  was  obtained 
according  to  the  method  of  Wiegand,  calculating  from  the  area 
between  the  complete  stress-strain  curve  and  the  elongation 
axis,  and  using  a  planimeter  to  determine  this  area.  The 
energy  absorbed  by  the  rubber  up  to  an  elongation  of  300  per 
cent  was  determined  in  the  same  way,  using  the  planimeter 
to  determine  the  area  between  the  portion  of  the  stress-strain 
curve  below  300  per  cent  elongation,  and  the  elongation  axis. 

PERMANENT  SET — This  property  was  determined  by  the 
method  recommended  by  the  Physical  Testing  Committee  of 
the  Rubber  Division,  using  three  stretches  of  the  test  piece  to 
60  per  cent  of  the  breaking  length,  with  5-min.  rest  intervals, 
and  a  final  10-min.  rest  before  reading  the  permanent  length 
deformation.  The  values  given  are  the  average  of  several  tests 
on  strips  from  the  same  sheet. 

HARDNESS— The  hardness  of  the  samples  was  determined  by 
means  of  a  "durometer,"  a  simple  instrument  depending  on  the 
penetration  of  a  blunt  point  into  the  surface  of  the  rubber  sheet 
when  a  fixed  pressure  is  applied.  The  range  of  hardness  of  \iil- 
canized  rubber  is  divided  into  an  arbitrary  scale,  from  "soft" 
at  zero  to  "hard"  at  100.  The  litharge-pale  crepe  basic  mix 
used  in  this  work  gave  a  "durometer"  hardness  number  varying 
from  40  to  42,  depending  upon  the  lot  of  rubber  used.  The 
hardness  increases  slowly  with  aging  of  the  samples. 

TENSILE  PRODUCT — Calculated  as  tensile  strength  in  lbs.  per 
sq.  in.  multiplied  by  ultimate  per  cent  length,  and  for  conven- 
ience of  numerical  expression  divided  by  10,000. 

ACCELERATED  AGING  TEST — ■.'Ml  Samples  heated  for  7  days  at 
71  °  C,  in  an  oven  through  which  a  slow  current  of  air  was  passing. 
This  is  considered  to  have  approximately  the  same  effect  with 
respect  to  loss  of  tensile  strength  as  3.5  yrs.'  aging  under  normal 
conditions. 

WEATHERING  TESTS — The  samples  subjected  to  this  test  were 
exposed  to  the  atmosphere  upon  the  roof  of  the  building  for 
60  days  during  the  summer  months;  this  was  a  very  severe  test 
with  respect  to  surface  cracking  tendencies  and  loss  of  tensile 
strength,  and  very  few  samples  in  the  basic  mix  referred  to 
above  stood  up  well  under  this  test. 
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Volumes 

Light  Mag- 

Compound Composition  by  Weight 

nesium  Car- 

f  

Per  cent- 

' — s 

Tensile  af- 

bonate to 

Light 

Tensile 

ter  Acceler- 

100 Vol. 

Magnesium 

Strength 

ated  Aging 

Rubber 

Rubber 

Sulfur 

Litharge 

Carbonate 

Lbs./Sq.  In. 

Lbs  /Sq.  In, 

0' 

74.0 

3.70 

22.3 

0 

2575 

872 

3 

70.4 

3.52 

21.2 

4.9 

2670 

1190 

6 

67.1 

3.36 

20.2 

9.5 

2740 

1280 

9 

64.1 

3.20 

19.2 

13.6 

3000 

1430 

12 

61.3 

3.06 

18.4 

17.3 

2910 

1810 

15 

68.7 

2.94 

17.6 

20.7 

2700 

1560 

20 

54.9 

2.74 

16.5 

25.8 

2650 

1620 

25 

51.5 

2.58 

15.5 

30.4 

2280 

1660 

30 

48.6 

2.43 

14.6 

34.3 

1910 

1590 

40 

43.7 

2.18 

13.1 

41.1 

1770 

1390 

Table  I — Data  on  Light  Magnesium  Carbonate 
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Per  cent 

Per  cent 

Per  cent 

Per  cent 

Number 

1600 

696 

490 

585 

5.5 

40 

1815 

658 

488 

580 

10.0 

46 

1950 

655 

425 

545 

20.0 

SO- 

1980 

655 

460 

550 

23.0 

62 

1960 

610 

495 

630 

24.0 

6& 

1910 

575 

450 

605 

28.0 

B& 

1290 

560 

438 

375 

30.0 

62 

1200 

500 

396 

345 

29.0 

66 

1280 

460 

304 

305 

27.0 

69 

1130 

363 

200 

230 

23.0 

74 
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Effects  of  Magnesium  Carbonate  Alone  in  Rubber 

The  data  relating  to  the  effect  of  magnesium  carbonate  on 
the  physical  properties  of  rubber  are  given  in  Tables  I  and  II 
and  represented  graphically  by  the  curves  of  Figs.  1  to  7, 
inclusive. 

The  behavior  of  magnesium  carbonate,  as  shown  in  the 
stress-strain  curves  (Fig.  1),  is  seen  to  be  that  characteristic  of 
a  typical  reinforcing  pigment,  as  defined  by  Wiegand.  With 
increasing  volume  additions  of  the  pigment  there  is  a  very 
marked  flattening  of  the  curve,  and  when  twenty  volumes  of 
the  filler  are  present  the  curvature  has  practically  disappeared 
and  the  stress-strain  relationships  are  very  nearly  in  accord 
with  Hook's  law  for  rigid  materials,  r.  e.,  proportionality  of 
stress  to  deformation  obtains.  For  certain  proportions  of  the 
filler  the  tensUe  strength  at  rupture  is  increased  above  that 
of  the  basic  mix,  while  at  the  same  time  the  ultimate  elonga- 
tion is  considerably  decreased. 

The  tensile  strength  curve  (Fig.  2)  shows  that  this  prop- 
erty of  the  rubber  is  increased  up  to  a  maximum  at  nine  vol- 
umes of  the  filler  per  one  hundred  of  rubber,  and  then  falls 
off  rather  uniformly,  becoming  equal  to  that  of  the  basic  mix 
at  about  twentj^  volumes  per  one  hundred  of  rubber  (see 
Table  I).  Nine  volumes  of  the  carbonate  correspond  to 
about  twenty-one  parts  by  weight.  With  another  lot  of  rub- 
ber, samples  have  been  prepared  containing  twenty-five 
volumes  of  magnesium  carbonate  in  which  the  tensile  strength 
is  equal  to  that  of  the  basic  mix.  The  curve  for  tensile 
strength  after  accelerated  aging  shows  that  this  basic  mix, 
containing  an  excess  of  Htharge,  does  not  stand  up  well  under 
the  heat  test,  whereas  the  hea\dly  compounded  samples,  con- 
taining large  proportions  of  magnesium  carbonate  and  less 
rubber,  age  better  than  the  lightly  compounded  ones.  The 
cur^'e  for  tensile  strength  after  the  60-day  weathering  test  is 
of  a  different  character  and  practically  parallels  the  curve  for 
tensile  properties  before  aging.  Compounds  containing  be- 
tween six  and  twelve  volumes  of  magnesium  carbonate  show 
the  highest  tensiles  after  this  aging  test. 

Ultimate  elongation  values  for  the  stocks  of  the  above 
series  are  represented  in  Fig.  3.  The  falling  off  on  the  elonga- 
tion with  increasing  volume  additions  of  magnesium  carbon- 
ate is  sho'mi  to  be  very  nearly  hnear,  up  to  forty  volumes  per 
one  hundred  of  rubber  (see  Table  I).  After  accelerated  aging 
the  decrease  in  elongation  with  increasing  proportions  of  the 
filler  is  found  to  be  uniform,  though  not  hnear,  the  elonga- 
tion of  every  stock  being  considerably  less  than  before  aging, 
corresponding  to  the  decrease  in  tensile  which  results  from 
the  apphcation  of  this  heat  test.  The  60-day  weathering 
test  gave  quite  different  results.  The  hghtly  compounded 
samples  retained  after  weathering  the  greater  part  of  their 
original  elongation,  while  the  heavily  compounded  samples 
were  much  stiffer  after  thLs  test  than  before.  This  differ- 
ence in  stiffness  and  hardness  was  observable  to  the  eye,  with- 
out carrying  out  tensile  and  elongation  tests,  and  the  heavily 
compounded  samples  also  showed  some  surface  cheoking  and 
cracking,  while  those  compounded  with  smaller  proportions 
of  magnesium  carbonate  did  not. 


Fig.  4  illustrates  the  effects  of  rubber  compounding  ma- 
terials on  the  hardness  of  rubber,  comparing  light  magnesium' 
carbonate  vnth  gas  black,  zinc  oxide,  and  ordinary  ground 
magnesite,  the  last  named  being  a  coarse  pulverized  natural 
magnesium  carbonate  which  is  not  a  reinforcing  pigment. 
Magnesium  carbonate  gives  rubber  hardness  very  much 
greater  than  that  given  by  ground  magnesite,  somewhat 
greater  than  that  given  by  zinc  oxide,  but  considerably 
less  than  that  given  by  gas  black,  which  produces  very  hard 
and  rigid  compounds,  even  when  used  in  rather  small  pro- 
portions (Table  I).  It  appears,  therefore,  that  there  is  a 
relationship  between  the  hardness  of  rubber  compounded  with 
a  particular  filler  and  the  reinforcing  and  toughening  effect 
of  that  filler,  which  may  perhaps  be  expressed  in  terms  of  the 
slope  of  the  curve  showing  increase  of  hardness  with  succes- 
sive volume  increments  of  filler.  This  curve  seems  to  be 
hnear  only  for  inert  or  coarse  fillers,  and  not  for  reinforcing 
pigments. 

The  permanent  set  figures  for  rubber  compounded  with 
magnesium  carbonate,  in  comparison  with  ground  magnesite, 
zinc  oxide,  and  gas  black,  are  represented  in  Fig.  5.  Mag- 
nesium carbonate  shows  a  rapid  increase  in  permanent  set 
with  successive  volume  increments,  up  to  twenty  volumes 
per  one  hundred  of  rubber,  and  then  a  uniform  decrease 
from  the  maximum  value  (Table  I).  This  decrease  is  ex- 
plained by  the  fact  that  the  ultimate  elongation  vajjies  for 
the  heavily  compounded  stocks  are  small  and,  therefore,  a 
60  per  cent  extension  of  these  samples  is  a  much  smaller 
actual  stretch  than  in  the  cases  of  the  more  hghtly  compounded 
samples  having  higher  elongation,  and  gives,  therefore,  a 
smaller  result  for  the  permanent  set  figure.  Magnesium  car- 
bonate gives  much  greater  set  effects  than  either  zinc  oxide 
or  gas  black  and  greater  still  than  ground  magnesite.  The 
latter  gave  no  set  figure  higher  than  12.0  per  cent  even  up 
to  fifty  volumes  of  this  filler.  This,  it  appears,  is  due  to 
the  fact  that  even  with  smaller  proportions  of  the  material 
the  set  effect  is  not  very  great,  and  ■ndth  larger  proportions 
the  great  decrease  in  the  final  elongation  corresponding  to 
the  diluent  effect  of  this  inert  filler,  permits  low  permanent  set 
values  to  be  obtained  by  this  method  of  making  the  test. 

High  permanent  set  is  an  effect  which  seems  to  character- 
ize in  a  degree  all  definitely  crystaUine  substances  which  are 
used  in  compounding  rubber,  and  the  fact  that  magnesium 
carbonate  particles  have  a  definite  crystal  structure  and 
acicular  form  is  usually  offered  as  the  explanation  of  why  mag- 
nesium carbonate  gives  high  permanent  set  where  other  sub- 
stances having  approximately  the  same  particle  size  do  not 
show  this  effect.  Zinc  oxide,  for  example,  although  it  pos- 
sesses some  of  the  properties  of  crystals,  is  amorphous  in  form 
and  does  not  produce  high  permanent  set.  Let  us  consider 
the  beha\ior  of  an  individual  crystal  particle  in  rubber  under 
stress,  with  particular  regard  to  the  internal  structure  of  the 
vulcanizate.  It  may  be  assumed  to  start  with  that  in  freshly 
vulcanized  rubber  compounded  with  a  substance  such  as  mag- 
nesium carbonate,  made  up  of  small,  definitely  crystalline 
particles  uniformly  dispersed  in  the  rubber,  each  particle  is 
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in  complete  and  uniform  contact  with  tlie  rubber  matrix, 
t.  e.,  the  rubber  adheres  closely  to  each  crystal  face.  The 
particles  will  lie  with  their  axes  at  various  angles  to  the  di- 


Wiegand'  directed  attention  to  the  fact  that  when  a  stock 
containing  one  of  the  "active"  fillers  is  stressed  to  rupture, 
a  part  of  the  energy  required  goes  toward  distorting  the  rub- 
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rection  of  applied  stress  in  the  sample  and  when  this  stress 
is  increased  until  the  elongation  is  sufficiently  great,  say  60  per 
cent,  as  in  the  permanent  set  test  discussed  above,  there 
will  be  a  tendency  for  the  particles  to  align  themselves  with 
their  long  axes  in  the  direction  of  the  applied  stress.  Very 
powerful  shearing  forces  will  then  come  into  operation,  act- 
ing between  the  plane  surfaces  of  the  crystal  lying  parallel  to 
the  direction  of  stress,  and  the  rubber  matrix  to  which  each 
crystal  face  is  united  by  cohesion  forces.  These  surface 
forces  vary  with  the  physical  and  chemical  nature  of  the 
crystalline  substance  to  which  the  rubber  is  bonded,  and 
probably  also  with  the  presence  of  other  substances  dispersed 
or  dissolved  in  the  rubber.  When  the  bonding  between  the 
particles  and  the  rubber  has  been  broken  and  the  filler  parti- 
cles have  reoriented  themselves  in  the  mass,  the  rubber  can 
never  completely  return  to  its  original  conformation  and  the 
individual  particles  will  never  reunite  themselves  to  the 
rubber  in  the  same  degree  as  they  were  when  the  rubber 
was  first  vulcanized. 

Visible  evidence  of  the  separation  of  the  magnesia  particles 
from  the  rubber  matrix  may  be  obtained  by  stressing  a  sample 
cured  with  sulfur  only.  The  sample  will  be  practically 
translucent  until  blooming  takes  place,  and  when  stretched 
there  is  a  pronounced  and  permanent  whitening,  the  result 
of  the  change  in  the  refraction  of  the  light  passing  through 
the  rubber  after  the  particles  have  become  readjusted  in  the 
mass. 

The  behavior  of  an  amorphous  substance  in  rubber  will  be 
distinctly  different,  because  the  particles  are  irregular  in  sur- 
face contour  and  offer  no  plane  surfaces  to  the  rubber,  which 
win,  therefore,  attach  itself  to  the  particle  at  many  points 
of  this  irregular  surface.  The  ."surface  forces,  therefore, 
instead  of  being  exerted  at  plane  surfaces  and  in  one  direction 
only,  perpendicular  to  that  surface,  will  be  exerted  in  many 
directions,  owing  to  the  approximately  spherical  or  irregular 
shape  of  the  amorphous  particle.  Scliipijcl"  showed  that 
compounded  rubber  when  stressed  gave  an  increase  in  volume, 
which  he  explained  as  being  due  to  the  formation  of  vacua  at 
the  poles  of  the  particle  in  the  direction  of  the  applied  stress. 
This  was  confirmed  by  Green,'  who  was  able  to  show  by  ex- 
amination of  microsections  of  compounded  rubber  the  actual 
formation  of  such  vacua  in  rubber  under  strain,  but  his  ex- 
periments indicated  that  no  vacua  were  formed  with  fine 
pigments  in  rubber  when  compounded  in  small  percentages. 

•  This  Journau,  12  (1920),  33. 

»  ttlUa  Rubber  World,  66,  (1922),  350. 
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ber  phase  itself  and  a  considerable  part  toward  tearing  apart 
the  rubber  matrix  and  the  imbedded  pigment  particles. 
In  the  case  of  an  amorphous  particle  in  rubber  under  stress 
there  is  only  a  sUght  separation  of  the  rubber  to  form  vacua 
at  the  poles  and  since  no  plane  surfaces  are  subjected  to  shear- 
ing stresses,  there  is  not  such  a  pronounced  tendency  for  the 
rubber  matrix  to  break  its  bonding  to  the  individual  particles, 
entirely  aside  from  specific  cohesion  forces  exerted  between 
the  rubber  and  the  particle  surface.  Consequently  there  will 
not  be  a  great  tendency  for  the  particles  to  change  their  orien- 
tation in  the  mass  and  give  a  volume  increase  and  high  perma- 
nent set.  The  conclusion  seems  unavoidable,  therefore, 
that  an  amorphous  light  magnesium  carbonate  would  give 
less  permanent  set  than  is  obtained  with  the  crystalline  ma- 
terial manufactured  by  the  present  process,  and  the  modifi- 
cation of  the  precipitation  process  to  produce  a  material  of 
less  pronounced  crystalline  characteristics  and,  if  possible, 
even  smaller  particle  size  is  being  made  the  object  of  consid- 
erable study  at  the  Mellon  Institute  of  Industrial  Research. 
If  this  can  be  accomplished  it  should  make  light  magnesium 
carbonate  of  much  greater  value  to  the  rubber  compounder, 
and  the  writer  hopes  to  have  the  privilege  of  presenting  some 
results  of  the  work  along  this  fine  at  the  next  meeting  of  the 
Rubber  Division. 

Data  representing  the  reinforcing  effect  of  magnesium  car- 
bonate are  shown  in  the  tensile  product  and  total  resilient 
energy  curves  of  Fig.  6.  The  tensile  product  values  are  not  as 
high  as  those  obtained  by  North,  owing  to  the  higher  extensi- 
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bility  of  the  rubber-sulfur  mix  used  in  his  work,  as  compared 
with  that  of  this  Htharge-pale  crepe  mix.  The  curve  has, 
however,  approximately  the  same  form.    Tensile  product 
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Volumes  Filler  to  100  Volumes  Ifubber 
Fio.  7 


reaches  a  maximum  at  nine  volumes  and^becomes  less  than 
that  of  the  basic  mix  at  fifteen  volumes;  it  is  never  very  much 
greater  than  that  of  the  basic  mix.  Quite  different  results  are 
obtained  with  regard  to  resilient  energy.   (See  Table  II.) 


Tabi,e  II — Data 

ON  Reinforcing  Effect 
Carbonate 

OF  Light  Magnesium 

Volumes 

Magnesium 

Carbonate 

to  100  Vol. 

Rubber 

Tensile 
Product 

Total  Re- 
silient En- 
ergy Ft. 
Lbs./Cu.In. 

Resilient 
Energy  Per 

cent  of 

Base  Mix 

Energy 

Tensile 
Stress  at 

300  Per 
cent  Elong. 
Lbs./Sq.  In. 

Energy  Ab- 
sorbed at 
300  Per 
cent  Elong 
Ft.  Lbs./ 
Cu.  Im 

0 
3 
6 

205 
205 
208 

318 
355 
425 

100 
112 
134 

150 
225 
355 

11.7 
16.7 
20.5 

9 
12 
15 

20 

227 
212 
197 
174 

475 
438 
396 
407 

149 
138 
124 
128 

455 

505 
600 
770 

31.7 
35.0 
39.0 
50.0 

25 
30 
40 

137 

107 

82 

355 
265 
233 

112 
83 
73 

910 
1050 
1405 

63.4 
71.3 
104.0 

The  maximum  is  reached  at  nine  volumes,  the  same  maximum 
as  for  tensile  strength  and  tensile  product,  and  the  total  re- 
silient energy  is  then  49  per  cent  greater  than  that  of  the  basic 
mix.  Resihent  energy  capacity  of  the  compounds  does  not 
become  less  than  that  of  the  basic  mix  until  more  than 
twenty-five  volumes  of  magnesium  carbonate  are  incorporated. 
For  comparison  purposes,  the  tensile  product  and  total 
resiUent  energj'  curves  for  rubber  compounded  with  various 
proportions  of  ground  magnesite  have  also  been  plotted. 
The  two  curves  are  found  to  be  almost  identical  in  form,  and 
the  plotted  values  for  tensile  product  and  resilient  energj'  de- 
crease uniformly  ■with  each  successive  addition  of  this  inert 


Tensile  •STreJJ .    tis  per  -Sa  Inch 

Fig.  8 


filler,  being  in  every  case  less  than  the  values  for  the  basic 
mix.  This  illustrates  the  difference  in  mechanical  qual- 
ities between  rubber  compounded  with  reinforcing  pigments 
and  with  inert  fillers.  From  a  study  of  these  curves  the 
conclusion  seems  logical  that  for  inert  fillers  either  tensile 
product  or  resilient  energy  is  a  satisfactory  index  of  the  qual- 
ity of  the  vulcanizate,  but  that  for  rubber  compounded  with 
"active"  fillers  resUient  energy  capacity  gives  a  more  accu- 
rate means  of  evaluation  than  does  the  tensile  product,  be- 
cause tensile  product  measures  only  the  actual  stress  at  break, 
correcting  for  the  decrease  in  the  cross  section  of  the  test  piece 
under  stress,  whereas  resiUent  energy  capacity  takes  into 
account  the  change  in  the  character  of  the  stress-strain 
curve,  and  it  is  this  indication  of  the  stress-strain  relation- 
ships which  determines  the  alteration  in  the  ph3^sical  proper- 
ties of  the  product. 

W.  W.  Vogt'  has  directed  our  attention  to  the  fact  that  if 
the  tensile  stress  at  300  per  cent  elongation  is  plotted  against 


Temile  Jfress  ,  Lhs.perSo.  In^h 
Fig.  9 

the  number  of  volumes  of  filler  per  one  hundred  volumes  of 
rubber,  the  curve  obtained  is  linear,  showing  an  increase  in 
load  with  increasing  amounts  of  filler.  The  slope  of  this  line, 
he  concludes,  is  a  measure  of  the  stiffening  or  reinforcing  ac- 
tion of  the  filler.  On  Fig.  7  will  be  found  curves  showing  the 
relation  between  tensile  stress  at  300  per  cent  elongation  for 
magnesium  carbonate  and  for  ground  magnesite.  The 
magnesium  carbonate  curve  has  a  much  greater  slope  than 
the  ground  magnesite  curve,  which  is  to  be  expected,  cor- 
responding to  its  greater  reinforcing  action.  The  slope  of 
this  line  indicates  the  rale  of  flaUcning  of  the  fore  part  of  the 
stress-strain  curve  with  increasing  volume  additions  of  the 
filler  which  is  being  studied.  The  magnesium  carbonate 
curve  is  linear  throughout  and  the  ground  magnesite  curve  ls 
linear  up  to  thirty  volumes,  and  then  flattens  out  somewhat. 
On  the  same  graph,  for  comparison  purposes,  there  have 
been  plotted  the  values  for  the  resilient  energj'  absorbed  at 
300  per  cent  elongation  by  rubber  compounded  with  various 
proportions  of  light  magnesium  carbonate,  and  also  with 
ground  magnesite.  The  curves  for  absorbed  energy  at  300 
per  cent  elongation  are  very  similar  in  form  to  those 
just  discussed  above  for  tensUe  stress  at  300  per  cent 
elongation,  although  they  are  not  perfectly  hnear.  The 
spread  between  the  absorbed  energj'  curves  for  magnesium 
carbonate  and  ground  magnesite  is  almost  identical  with  that 
between  the  curves  for  tensile  stress  at  300  per  cent  elonga- 
tion for  the  same  fillers,  and  since  the  energj'  capacity  of  the 
rubber  at  300  per  cent  elongation  also  depends  upon  the 
flattening  of  the  fore  part  of  the  curve,  the  slope  of  the  fine 

'India  Rubber  World,  65  (1922),  347. 
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MaRnesium 
Carbonate 

Gas  Black 

Zinc  Oxide 

China  Clay 

Colloidal 
Barium 
Sulfate 

Tensile 

Strength 

Lbs./Sq.  In 

01 
9 

0 
0 

0 
0 

0 
0 

0 
0 

2650 
3400 

6 
3 
0 

3 
6 
9 

0 
0 
0 

0 
0 
0 

0 
0 
0 

34i0 
3600 
3450 

6 
3 
0 

0 
0 
0 

3 
6 
9 

0 
0 
0 

0 
0 
0 

3290 
3285 
3000 

6 
3 
0 

0 
0 
0 

0 
0 
0 

3 
6 
9 

0 
0 
0 

3300 
3200 
3000 

6 
3 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

3 
6 
9 

3075 
3020 
2810 

'  Basic  mix. 

Tensile 
after  Accel- 
erated Aging 
Lbs./Sq,  In. 

Ultimate 

Elongation 

Per  cent 

Ult.  Elong. 
after  Acceler- 
ated Aging 
Per  cent 

Permanent 

Set 

Per  cent 

Durometer 
Hardness 
Number 

1200 
2275 

738 
650 

550 
550 

6.0 
19  5 

42 
51 

2070 
1710 
1190 

638 
633 
600 

505 
380 
345 

17.0 
16.5 
9.5        • 

52 
54 
53 

2290 
2410 
1760 

665 
675 
665 

610 

570 
600 

15.0 
12.0 
10.5 

50 
SO 
49 

2060 
2080 
1780 

653 
615 
600 

5.50 
525 
485 

18.5 
17.5 
16.0 

50 
50 
49    - 

2040 
1760 
1650 

677 
653 
700 

580 
540 
500 

13.5 

12.0 

9.0 

SO 
49 
44 

showing  the  change  in  this  quantity  with  successive  incre- 
ments of  filler  also  measures  the  rale  of  flattening  of  the  lower 
portion  of  the  curve  and  may  properly  be  considered  an  index 
of  the  reinforcing  action  of  the  pigment  whose  effect  is  being 
investigated.  This  would  enable  the  investigator  to  make 
a  direct  comparison  between  the  reinforcing  effects  of  differ- 
ent pigments  on  the  basis  of  energy  relationships  rather 
than  on  tensile  stress  alone. 

Comparison  of  Magnesium  Cahbonate  with  Other 
Reinforcing  Pigments 

Light  magnesium  carbonate  gives  its  maximum  reinforcing 
effect  with  respect  to  tensile  strength,  tensile  product,  and 
resilient  energy  capacity  at  nine  volumes  per  one  hundred  of 
rubber.  Magnesium  carbonate  was  therefore  compared  at 
this  volume  ratio  with  equal  proportions  by  volume  of  zinc  ox- 
ide, gas  black,  prepared  china  clay,  and  colloidal  barium  sul- 
fate. The  effects  of  mixtures  of  magnesium  carbonate 
with  each  of  these  fillers  upon  the  physical  properties  were 
also  studied,  having  a  total  of  nine  volumes  filler  in  each 
compound,  and  varying  by  three-volume  increments  the  pro- 
portions of  magnesium  carbonate  and  the  other  reinforcing 
pigments.  These  data,  as  given  in  Tables  III  and  IV,  and 
Figs.  8  to  18,  inclusive,  show  in  graphic  form  the  changes  in 
physical  properties.  It  must  be  understood,  of  course,  that 
nine  volumes  of  the  pigments  other  than  magnesium-  carbon- 
ate do  not  represent  the  point  of  maximum  reinforcement, 
which  in  the  case  of  gas  black,  for  example,  is  not  reached 
until  about  twenty  volumes  are  incorporated. 

In  Fig.  8  are  represented  the  stress-strain  curves  for  mix- 
tures of  magnesium  carbonate  and  zinc  oxide.  Magnesium 
carbonate  is  shown  to  give  a  greater  stiffening  effect  than 
zino  oxide  in  this  volume  ratio.  The  stress-strain  curves  of 
Fig.  9  for  mixtures  of  magnesium  carbonate  and  china  clay 


show  that  magnesium  carbonate  has  a  stiffening  action  which 
is  very  slightly  less  than  that  of  china  clay.  Fig.  10  gives 
stress-strain  curves  for  similar  mixtures  of  magnesium  carbon- 
ate with  colloidal  barium  sulfate,  which  show  that  magnesium 
carbonate  has  a  much  greater  reinforcing  and  stiffening  ac- 
tion than  colloidal  barium  sulfate.  Stress-strain  curves  for 
mixtures  of  magnesium  carbonate  and  gas  black  are  repre- 
sented in  Fig.  11.  These  show  that  gas  black  gives  a  stiff er 
rubber  than  magnesium  carbonate,  and  that  it  has  also  a 
greater  reinforcing  action  than  china  clay.  In  every  case 
the  mixtures  of  magnesium  carbonate  with  the  other  reinforc- 
ing pigments  give  reinforcing  effects  intermediate  between 
those  obtained  with  either  material  in  the  same  volume  ratio 
alone,  as  shown  by  the  relative  positions  of  their  stress-strain 
curves. 

Tensile  strength  data  for  the  compounds  just  discussed, 
represented  by  the  curves  of  Fig.  12,  show  that  magnesium 
carbonate  compounded  in  the  nine-volume  ratio  produces 
tensile  strength  somewhat  greater  than  that  given  by  zinc 
oxide  or  china  clay  in  equal  proportions,  and  considerably 
greater  than  that  given  by  colloidal  barium  sulfate.  The 
tensile  with  nine  volumes  magnesium  carbonate  is  sUghtly 
less  than  that  produced  by  nine  volumes  of  gas  black. 
The  curve  shows,  and  this  has  been  confirmed  by  the  prepa- 
ration of  several  samples,  that  a  mixture  of  six  volumes  gas 
black  and  three  volumes  magnesium  carbonate  per  one 
hundred  volumes  of  rubber  gives  a  tensile  value  of  3600  lbs. 
per  sq.  in.,  considerably  higher  than  can  be  obtained  by  the 
use  of  the  same  total  volume  of  either  filler  alone  in  this  basic 
mix.  With  the  other  reinforcing  pigments,  zinc  oxide,  china 
clay,  and  coUoidal  barium  sulfate,  there  is  a  uniform  falling 
off  in  tensile  strength,  with  successive  replacements  of  magne- 
sium carbonate  in  the  compound,  by  any  one  of  these  fillers 
(see  data  in  Table  III). 
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Fig.  13  shows  the  loss  in  tensile  strength  of  these  compounds 
resulting  from  the  accelerated  aging  test  (data  given  in  Table 


NT 


/>/«?' 


S2^ 


Tensi/e  Stren^r/?  of  ffub/ber  Co/n pounded 
witfi  Alixfures  of  /1agnes/</m  Cerbonate  k////i 
Other  ffe/n/orcing  Pigmenrs 
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Fig.  12 

III).  Inspection  of  the  curves  makes  it  evident  that  in  this 
basic  mix  stocks  containing  gas  black  do  not  stand  up  weU 
under  this  heat  test.  The  best  aging  samples  are  those 
compounded  with  mixtures  of  zinc  oxide  and  magnesium  car- 
bonate, although  the  stock  containing  zinc  oxide  alone  loses  a 
greater  proportion  of  its  original  tensile  strength.  Samples 
compounded  with  colloidal  barium  sulfate,  with  china  clay, 
with  gas  black,  and  with  mixtures  of  magnesium  carbonate 
with  these  other  materials  show  poorer  tensUe  ^'alues 
after  accelerated  aging  than  was  the  case  with  the  compound 
containing  only  magnesium  carbonate.  In  so  far  as  this  test 
may  be  considered  of  value  in  determining  the  aging  quah- 
ties  of  compounded  rubber,  it  is  e^dent  that  magnesium 
carbonate  compares  very  favorably  with  these  other  rein- 
forcing pigments.  The  magnesium  carbonate  sample  has 
lost  33  per  cent  of  its  original  tensile  strength,  wliile  the 
other  compounding  materials  show  losses  of  from  41  to  65 
per  cent. 

The  hardness  of  rubber  compounded  with  mixtures  of 
magnesium  carbonate  and  these  reinforcing  pigments  is 
shown  by  the  curves  in  Fig.  14  (see  data  in  fable  III).  In 
this  volume  ratio  magnesium  carbonate  gives  a  vulcanizate 
sUghtly  harder  than  is  produced  by  the  same  proportion  of 
either  zinc  oxide  or  china  clay,  and  considerably  harder  than 
that  given  by  the  same  volume  of  colloidal  barium  sulfate. 

This   same  volume  of  gas  black  gives  a  compound  which 


is  quite  defuiitely  harder  than  the  magnesium  carbonate 
compound. 
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Fig.   13 

Fig.  15  shows  just  the  sort  of  results  with  respect  to  perma- 
nent set  with  mi.xtures  of  magnesium  carbonate  and  other  re- 
inforcing pigments  which  would  be  anticipated  from  the 
preceding  data  and  discussion  of  the  permanent  set  effect  given 
by  magnesium  carbonate,  since  these  other  fillers  are  all 
more  amorphous  than  the  carbonate.  The  set  with  mixtures 
of  china  claj'  and  magnesium  carbonate  increases  almost 
Unearly  mth  increasing  proportions  of  magnesium  carbonate, 
although  clay  itself  produces  rather  high  permanent  set. 
In  the  case  of  mixtures  of  gas  black  and  magnesium  carbon- 
ate the  set  increases  more  rapidly  than  in  a  linear  ratio. 
The  permanent  set  of  the  compound  previously  referred  to, 
containing  six  volumes  gas  black  and  three  of  magnesium  car- 
bonate, is  17.5  per  cent.  It  should  be  remarked  that  the  com- 
pound containing  nine  volumes  of  carbonaLe,  although  it  has 
a  greater  tensile  strength  than  was  given  by  the  same  volume 
of  this  filler  in  the  other  lot  of  pale  crepe  used  in  the  prelim- 
inary study  of  its  effect,  gives  a  lower  permanent  set,  only 
19.5  per  cent,  as  compared  with  23.0  per  cent. 

The  rate  of  increase  in  permanent  set  in  the  compounds 
containing  mixtures  of  magnesium  carbonate  with  zinc  oxide 
and  with  colloidal  barium  sulfate  is  seen  to  be  less  than  that 
corresponchng  to  a  Unear  ratio. 

The  resiUent  energy  capacity  curves.  Fig.  16,  show  some 
interesting  results.  Magnesium  carbonate  shows  higher  re- 
siUent energj''  in  this  volume  ratio  than  zinc  oxide,  china  clay, 
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Table  IV— D 

AIA  ON  REINF 

DRCING  ElTECTS  OK  MIXTURES 

OF  Magnesii 

M  Carbon 

\TB  AN 

D  Other  Re 

INFOf 

CIN 

G  Fl 

llebs 

Tensile  Stress  at 

Energy  Ab- 
sorbed at  300 

Light  Mag- 

Colloidal 

Total  Resilient         Resi 

lient  E 

nergy       300  Per  cent 

Barum 

Tensile 

Energy  Capacity        Per  cent  of  Ba-          Elongat 

on 

Per  cent  Elong 

bonate 

Gas  Black 

Zinc  Oxide      China  Clay         Sulfate 

Product 

Ft.  Lbs./Cu 

In.         sic 

Mix  Energy         Lbs 

./Sq. 

In, 

Ft.  Lbs./Cu.  In 

0> 

0 

0 

0 

0 

222 

398 

100 

200 

25 

9 

0 

0 

0 

0 

255 

673 

144 

6U0 

68 

6 

3 

0 

0 

0 

253 

580 

146 

650 

70 

3 

6 

0 

0 

0 

265 

637 

16U 

715 

77 

0 

9 

0 

0 

0 

242 

568 

142 

775 

80 

6 

0 

3 

0 

0 

252 

570 

143 

565 

62 

3 

0 

6 

0 

0 

255 

567 

142 

525 

57         . 

0 

0 

9 

0 

0 

230 

513 

129 

49U 

52 

ft 

0 

0 

3 

0 

248 

593 

149 

650 

73 

3 

0 

0 

6 

0 

228 

540 

138 

700 

71 

0 

0 

0 

9 

0 

210 

500 

126 

745 

79 

6 

0 

0 

0 

3 

239 

524 

132 

515 

57 

3 

0 

0 

0 

6 

228 

490 

123 

465 

50 

0 

0 

0 

0 

9 

225 

467 

117 

•iSi} 

44 

>  Basic 

mix. 

Table  V — Da 

TA  ON  Mixtures  of  Light  Magnesium  Carbonate  with  Zinc  Oxide 

Volumes  Filler  to  100  Volumes 

Tensile  after 
Accelerated 

Ult.  Elong. 
after  Acceler- 

Ult. Elong. 
after  60-Da5 

1  Light 

Tensile 

60-Day 

Ultimate 

Permanent        Duroineter 

Zinc 

Gas 

Strength 

Aging 

Weathering 

Elongation 

ated   Aging 

Weathering 

Set 

Hardness 

Carbonate 

Oxide 

Black 

Lbs./Sq.  In, 

Lbs./Sq.  In. 

Lbs./Sq.  In. 

Per  cent 

Per  cent 

Per  cent 

Per 

:ent 

Number 

0' 

0 

0 

26S0 

1200 

1780 

738 

562 

530 

6 

0 

42 

20 

0 

0 

2890 

1720 

1290 

560 

460 

413 

28 

0 

64 

15 

5 

0 

2950 

1720 

1270 

580 

415 

425 

24 

0 

60 

11 

g 

0 

2830 

1860 

1.540 

585 

463 

494 

15 

0 

58 

7 

13 

0 

2780 

1730 

1730 

600 

448 

522 

14 

0 

57 

3 

17 

0 

2840 

1890 

1970 

595 

500 

535 

16 

0 

56 

0 

2(1 

0 

2820 

17fi0 

1870 

'       615 

520 

545 

12 

0 

55 

0 

0 

20 

3950 

1580 

490 

230 

16 

5 

70 

>  Basic 

mix. 

or  colloidal  barium  sulfate,  and  equal  to  that  of  gas  black. 
The  high  resilient  energy  values  obtained  with  this  propor- 
tion of  magnesium  carbonate  are  explained  by  the  fact  that 
this  material  gives  high  tensUe  strength,  high  elongation, 
and   a   pronounced   flattening   of   the  stress-strain   curve; 
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therefore  the  area  between  the  curve  and  the  elongation  axis 
is  large  and  the  calculated  resilient  energy  is  correspondingly 
great.  The  conlpound  previously  noted,  containing  six  vol- 
umes gas  black  and  three  of  magnesium  carbonate,  which 
gives  high  tensile  strength,  is  also  found  to  give  the  highest 
resilient  energy  value,  637  ft.  lbs.,  or  60  per  cent  increase 
above  the  energy  of  the  basic  mix  (see  data  in  Table  IV). 

A  comparison  of  the  stiffening  effect  produced  by  magne- 
sium carbonate  and  the  other  reinforcing  pigments  studied, 
on  the  basis  of  tensile  stress  at  300  per  cent  elongation,  is 
given  in  Fig.  17  (based  on  data  in  Table  IV).  The  curves 
representing  tensile  stress  at  300  per  cent  elongation  are  all 
linear,  for  these  mixtures  of  reinforcing  pigments,  and  with 
respect  to  stiffening  effect  at  this  volume  ratio  of  each  filler, 
would  place  them  in  the  following  order  of  increasing  rein- 
forcing power:  colloidal  barium  sulfate,  zinc  oxide,  magnesium 
carbonate,  ohina  clay,  gas  black. 

Fig.  18  gives  curves  for  energy  absorbed  at  300  per  cent 
elongation,  making  possible  a  direct  comparison  of  these 
mixtures  of  magnesium  carbonate  with  other  reinforcing  pig- 
ments, on  the  basis  of  energy  values  rather  than  on  tensiles 
alone.  The  curves,  it  will  be  seen,  lie  in  about  the  same  rel- 
ative positions  and  have  approximately  the  same  spread, 
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but  are  not  exactly  linear.  The  order  of  increasing  rein- 
forcing power  in  the  rubber  is  the  same  as  given  above  for 
tensOe  stress  at  300  per  cent  elongation,  except  that  gas  black 
and  china  clay  are  more  nearly  equal.  (See  Table  IV.) 
It  should  be  remarked,  however,  that  this  comparison  takes 
into  account  only  the  stiffening  effect  on  the  fore  part  of  the 
stress-strain  curve  and  does  not  express  the  fact  that  liigher 
tensile  strength  and  total  energy  values  are  given  by  gas  black 
and  magnesium  carbonate  than  can  be  obtained  T^ith  clay. 
Schidrowitz  and  Burnand'"  have  pointed  out,  also,  that 
great  rigidity  is  not  always  associated  ■nith  toughness 
(especially  in  the  case  of  overcured  samples)  although  this 
might  be  thought  to  be  the  case  simply  from  a  study  of  the 
stress-strain  curves.  Total  resilient  energy,  however,  takes 
into  account  both  tensile  strength  and  ultimate  elongation 
in  evaluating  the  physical  properties,  because  for  compounds, 
the  lower  portions  of  whose  stress-strain  curves  are  identical, 
the  one  which  has  the  greatest  tensile  and  elongation  values 
will  also  give  the  greatest  calculated  resilient  energy. 

"  /.  Soc.  Chem.  Ind.,  40  (1922),  268<. 
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Reinforcing  Effects   of   Zinc   Oxide   and   Magnesium 
Carbonate  at  Twenty  Volumes 

The  comparative  study  of  magnesium  carbonate  and  zinc 
oxide  in  more  heavily  compounded  stocks,  containing  a 
total  of  twenty  volumes  filler,  the  data  for  which  are  given  in 
Tables  V  and  VI,  and  represented  by  the  curves  in  Figs.  19 
to  22,  inclusive,  confirms  completely  the  results  just  dis- 
cussed with  regard  to  the  reinforcing  effect  of  magnesium 
carbonate  in  the  nine-volume  ratio. 

The  stress-strain  curves,  Fig.  19  (see  Table  V  for  data), 
show  considerably  greater  stiffness  for  magnesium  carbonate 
and  for  the  compounds  containing  mixtures  of  zinc  oxide 
with  magnesium  carbonate  than  for  zinc  oxide  alone.  There 
is  a  uniform  decrease  in  ultimate  elongation  with  increasing 
proportions  of  magnesium  carbonate.  For  comparison  pur- 
poses the  stress-strain  curve  for  twenty  volumes  gas  black  has 
also  been  plotted  and  is  found  to  represent  a  much  more  rigid 
compound  and  one  of  higher  tensile  strength  and  lower  ulti- 
mate elongation  than  is  obtained  by  using  equal  volumes  of 
either  zinc  oxide  or  magnesium  carbonate. 


Table  VI — Data  on  Reinforcing  Effects  op  Mixtures  of  Light  Magnesium  Carbonate  with  Zinc  Oxide 
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The  tensilp  strength  curves,  Fig.  20,  show  values  for  this 
property  which  arc  nearly  tlie  same  for  all  the  compounds, 
prol>ably  within  the  experimental  error  due  to  slight  differ- 
ences in  the  state  of  cure.  The  same  is  true  of  the  tensile 
values  after  accelerated  aging.  After  the  60-day  weathering 
test,  however,  it  is  observed  that  the  stocks  containing  the 
larger  proportions  of  zinc  oxide  show  definitely  better  aging 
qualities  than  those  containing  larger  proportions  of  mag- 
nesium carbonate,  as  a  result  of  the  greater  surface  cracking 
tendency  of  rubber  heavily  compounded  with  magnesium 
carbonate.  This  again  seems  to  be  related  in  a  degree  to 
the  crystalline  character  of  the  magnesium  carbonate  parti- 
cles, since  the  plane  surfaces  and  sharp  edges  of  the  crystals 
would  be  expected  to  favor  the  development  of  cleavage 
planes  in  the  rubber  itself  when  stressed,  or  perhaps  even 


under  the  influence  of  changes  in  temperature,  producing 
alternate  expansion  and  contraction  of  the  rubber  matrix 
around  each  particle. 

The  hardness  and  permanent  set  (Fig.  21)  of  these  com- 
pounds both  show  increasing  values  with  increasing  propor- 
tions of  magnesium  carbonate.  The  permanent  set,  how- 
ever, does  not  exceed  16  per  cent  until  half  the  zinc  oxide  has 
been  replaced  by  magnesium  carbonate. 

The  total  resihent  energy  capacity  and  energy  absorbed  at 
300  per  cent  elongation  (Fig.  22  based  on  data  in  Table  VI) 
both  show  a  marked  increase  with  successive  increments  of 
magnesium  carbonate  replacing  zinc  oxide  in  the  compound. 
For  the  absorbed  energy  at  300  per  cent  elongation  this  in- 
crease is  Unear,  as  is  also  true  of  the  curve  showing  stress  at 
300  per  cent  elongation  for  the  same  compounds  (Fig.  20) . 


The  Application  of  Ion  Concentration  Measurements  to  the 

Control  of  Industrial  Processes' 


By  Earl  A.  Keeler^ 

Leeds  &  Northrup  Co.,  PHii.ADat.PHiA,  Pennsylvania 


THE  significance  of  ion  concentrations  has  been  the 
subject  of  many  investigations  during  the  last  few 
years.  The  results  obtained  have  demonstrated 
without  question  the  unlimited  possibilities  existing  for  labo- 
ratory and  industrial  application  of  ion  concentration  meas- 
urements. It  has  been  shown  that  in  many  instances  bio- 
logical activity,  fermentation,  and  filtration  are  influenced 
to  a  large  extent  by  variations  in  the  H-ion  concentration,  or 
reaction  of  the  solutions  involved.  In  addition,  the  way  is 
open  for  improved  control  and  accuracy  in  the  many  neu- 
tralization problems  encountered  in  industrial  chemical  pro- 
cesses. Automatic  control  by  means  of  motor  driven  valves 
and  regulating  apparatus  has  become  a  reality,  and  it  is  safe 
to  predict  that  many  troublesome  problems  of  the  present 
time  will  soon  be  handled  automatically  with  great  saving 
of  labor  and  expense. 

The  most  widely  known  and  most  important  of  ion  con- 
centration measurements  is  that  of  the  hydrogen  ion.  Many 
reactions  occurring  in  colored  or  opaque  solutions  cannot  be 
adequately  governed  by  the  use  of  color  indicator.  Quite 
frequently  the  hydrogen  electrode  is  used  to  secure  results 
that  are  impossible  with  the  use  of  indicators.  Another  im- 
portant asset  lies  in  the  ability  of  the  hydrogen  electrode  to 
distinguish  between  actual  acidity  and  total  acidity.  The 
controlling  factor  in  reactions  is  usually  tlie  actual  acidity, 
which  depends  directly  upon  the  H-ion  concentration.  Total 
acidity,  as  determined  by  titration,  is  a  measurement  of 
quantity  or  available  acidity,  and  its  effect  upon  reaction 
is  indirect.  An  excellent  example  of  the  errors  that  one  may 
be  led  into  by  depending  upon  total  acidity  measurement  is 
found  in  the  test  of  milk  by  titration  with  standard  alkali. 
Milk  of  good  quality,  but  containing  a  relatively  large  amount 
of  acid  salts,  has  often  been  rejected  because  of  a  high  acidity 
as  determined  by  titration.  Another  batch  of  milk  of  equal 
quality  but  containing  less  salts  will  exhibit  a  lower  acidity 
when  titrated.  The  actual  acidity  is  largely  due  to  the  lactic 
acid  content  and  can  be  measured  by  the  H-ion  concentra- 
tion. 

In  the  past,  the  lack  of  suitable  electrodes  has  greatly  re- 
tarded the  practical  applications  of   H-ion  measurements' 

•  Rreei-red  February  24.  1322. 

'  Research  ICnKineer,  Leeds  &  Northrup  Co. 


to  plant  industrial  problems.  Fig.  1  shows  a  typical  labo- 
ratory set-up  consisting  of  a  hydrogen  electrode  and  a  calomel 
electrode  connected  into  a  potentiometer  circuit.  One  can 
readily  realize  the  difficulties  that  would  be  encountered  in 
applying  such  structures,  or  even  radical  modifications,  to 
plant  work.  The  calomel  electrode  at  its  best  has  often 
been  a  troublesome  affair  for  unskilled  hands  to  handle,  and 
the  hydrogen  electrodes  have  lacked  the  requirement  of  con- 
venient and  rapid  change  of  electrode  surfaces.  Contamina- 
tion of  hydrogen  electrodes  is  usually  unavoidable  in  most 
industrial  processes.  For  this  reason  it  is  extremely  impor- 
tant that  the  electrode  elements  may  be  easily  removed  and 
replaced. 

Several  new  electrodes  which  are  well  suited  for  industrial 
work  have  been  recently  developed.  These  electrodes  are 
shown  in  section  in  Fig.  2.  It  is  to  be  noted  that  the  struc- 
tures are  practically  unbreakable,  there  being  no  glass  parts 
used.  The  hydrogen  electrode  element  is  a  disk  of  platinum 
gauze  held  in  position  by  a  knurled  ring  of  hard  rubber.  A 
fresh  electrode  disk  may  be  substituted  for  a  used  disk  inside 
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of  one  minute.  The  calomel  electrode  is  also  unbreakable  and 
contains  no  loose  mercury.  By  coating  a  platinum  grid 
with  a  paste  of  mercury  and  calomel,  an  electrode  is  secured 
that  can  be  shipped  ready  for  use.  The  only  requirement 
is  that  a  reservoir  of  potassium  chloride  solution  be  connected 
to  supply  the  small  flow  of  potassium  chloride  necessary  to 
prevent  diffusion  of  the  solution  under  test  into  the  calomel 
electrode.  Fig.  3  shows  the  electrodes  of  Fig.  2  combined  into 
one  structure.  The  terminals,  or  binding  posts,  are  showTi  at 
E  and  F.  G  and  H  are  the  connections  for  hydrogen  and 
the  potassium  chloride  solution.  The 
knurled  ring  holding  the  hydrogen  elec- 
trode disk  is  shown  at  B.  The  orifice  of 
the  calomel  electrode  is  the  removable 
plug  C.  The  knurled  end  plug  D  closes 
the  calomel  electrode  chamber  into  which 
the  paste-coated  grid  is  mounted.  The 
main  body  of  the  combined  electrode, 
A,  is  made  of  hard  rubber. 

Another  form  which  the  electrode 
structure  may  take  is  sho\\Ti  in  Fig.  4. 
Here  a  radical  departure  has  been  made 
from  the  usual  method  of  applying  the 
hydrogen  gas  to  the  electrode.  Instead 
of  bubbling  the  gas  into  the  solution 
around  the  electrode,  the  flow  of  solu- 
tion through  a  small  aspirator  is  made 
to  entrain  the  gas  and  direct  it  against 

»^g  f\  the  electrode  disk.  In  this  manner  the 
;^P  n  gis  is  broken  up  into  minute  bubbles 
and  distributed  through  the  solution. 
Such  an  electrode  has  been  found  very 
satisfactory  for  continuous  flow  applica- 
tions, such  as  the  recording  and  control 
of  boiler  feed  water  acidity.  A  small 
glass  wool  filter  connected  as  in  Fig.  4 
will  greatly  increase  the  period  over  which 
an  electrode  disk  may  be  used  before  removal  for  cleaning 
and  replatinizing  is  necessary.  A  change  of  the  hydrogen 
electrode  disks  every  two  or  tliree  days  is  advisable,  although 


experience  has  shoTVTi  that  such  electrode  will  sometimes 
operate  satisfactorily  for  several  weeks    without  cleaning. 

The  hydrogen-ion  method  is  particularly  well  adapted 
to  the  control  of  neutralization  processes  and  the  measurement 
of  low  acidity  or  alkalinity.  Fig.  5  shows  a  reproduction  of 
a  record  produced  by  an  automatic  hydrogen-ion  recorder 
during  the  reaction  of  sodium  hydroxide  solution  with  hydro- 
chloric acid  solution.  It  wiU  be  noted  that  the  greatest  change 
of  voltage  for  a  given  change  in  acidity  takes  place  around  the 
neutral  point.  The  ordinate  of  this  record  is  marked  "time" 
and  may  be  taken  as  proportional  to  change  of  acidity  or  al- 
kalinity. The  records  shown  in  Figs.  6,  7,  8,  9,  and  10  are 
typical  of  the  results  that  are  secured  upon  application  of 
the  hydrogen-ion  recorder  to  many  industrial  problems. 

The  carbonation  of  beetsugar  juice  is  shown  in  the  record 
of  Fig.  6.  Milk  of  lime  had  been  added  to  this  juice  prior 
to  the  carbonation.  It  vvill  be  noted  that  the  curve  is  prac- 
tically flat  (1.05  volts)  during  the  first  portion  of  the  car- 
bonation. Then  a  break  occurs,  producing  a  "knee"  in  the 
curve.  During  the  remainder  of  the  carbonation  the  slope  of 
the  curve  is  very  appreciable,  thus  gi^ang  considerable  change 
in  voltage  for  small  changes  in  alkalinity.  Three  samples 
were  taken  between  the  "knee"  of  the  curve  and  the  neutral 
point.  The  titration  of  these  samples  was  made  with  0.036  N 
sulfuric  acid  and  the  results  expressed  in  grains  of  calcium 
oxide  per  100  cc.  of  solution.  Phenolphthaleia  was  used  as 
an  indicator. 

Fig.  7  shows  the  record  secured  during  the  neutralization 
of  pineapple  juice.  MOk  of  lime  is  added  to  the  juice  until 
the  neutral  point  is  reached.  Phenolphthalein  tests  showed 
that  0.75  volt  corresponded  to  the  real  neutral  point. 

An  interesting  application  of  the  recorder  is  shown  in  Fig. 
8.  The  changes  of  alkalinity  occurring  when  tooth  paste  goes 
into  water  solution  are  of  importance  because  of  the  necessity 
for  proper  neutralization  of  the  reaction  known  as  "acid 
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mouth."     The  shape   of   the   curve  shows   that   the   alka-  Aiiotlicr  interesting  feature  is  shown  in  Fig.  10,  and  here 

Unity  becomes  practically  constant  after  the  first    2  or  3  the  two  end-points  of  the  reaction  of  phosphoric  acid  with 

minutes.  sodium  hydroxide  indicate  the  formation  of  the  primary 

A  peculiar  record  is  reproduced  in  Fig.  9.    The  alkalinity  and  secondary  phosphates. 
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of  wool  scouring  liquor  is  difficult  to  determine  because  of  the 
oolor  and  suspended  matter  of  all  kinds.  A  titration  of  some 
•of  this  liquor  with  sulfuric  acid  resulted  in  the  record  of  Fig. 
'9.  The  liquor  contains  some  free  alkali  in  the  form  of  soda 
.ash,  some  soap  made  up  of  red  oil,  soda  ash,  and  the  solu- 
tion constituents  of  the  greasy  wool  containing  complex  or- 
ganic acids  combined  with  potash.  It  seems  that  there  are 
three  steps  involved  in  the  neutralization:  (1)  the  neutrali- 
zation of  the  free  alkali;  (2)  the  decomposition  of  the  red 
oil  soaps;  and  (3)  the  liberation  of  a  gas  caused  by  the  de- 
.composition  of  the  potash-organic  acid  compounds. 
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These  are  only  representative  of  the  many  possibOities 
existing  for  the  application  of  ion  concentration  methods. 
Several  comprehensive  papers  have  recently  been  published 
on  the  subject  of  H-ion  measurements  as  applied  to  filtra- 
tion problems  in  water  purification'  and  sewage  disposal.'' 
Another  subject  upon  which  a  great  deal  of  interesting  work 
has  been  done,  is  that  concerning  the  effect  of  the  hydrogen- 
ion  concentration  upon  the  properties  of  tanning  liquors 
used  in  the  leather  industry.' 

The  step  from  recording  apparatus,  such  as  that  shown  in 
Fig.  11,  to  equipment  for  automatic  control  is  a  natural  one  to 
undertake.  Frequently,  the  advantages  to  be  gained  by 
automatic  control  are  far  greater  than  those  secured  by  re- 

•  Abel  Wolmand  and  Frank  Harman,  Chem.  Mel.  Eng.,  25  (1921),  502. 
<  J.  A,  Wilson  and  H.  M.  Heisig,  This  Journal.  13  (1921).  406. 

•  J.  A.  Wilson  and  Erwin  J.  Kern,  Ibid.,  13  (1921),  1025. 
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cording  alone.  An  illustration  of  such  a  condition  is  found 
in  the  requirements  for  efficient  operation  of  boilers  in  a 
modern  power  plant.  It  is  known  that  the  hydrogen-ion  con- 
centration, or  actual  acidity  of  boiler  feed,  is  one  of  the  factors 
upon  which  the  corrosion  of  a  steam  boiler  and  its  auxiliaries 
depends.  Maintenance  of  feed  water  at  a  slight  alkalinity 
usually  reduces  corrosion  to  a  minimum.     An  installation 


Fig.  11 

consisting  of  a  hydrogen-ion  recorder  equipped  with  control 
contacts,  aspirator  electrodes,  and  an  automatic  valve  for 
controlling  additions  of  alkalinity  to  boiler  feed  is  now  in 
operation.  Work  on  other  control  problems  is  rapidly  pro- 
gressing, and  it  is  expected  that  the  experience  gained  will 
facilitate  the  further  application  of  hydrogen-ion  control 
methods  to  many  industrial  problems. 


In  order  to  promote  original  research  relative  to  the  fungi- 
cidal and  insecticidal  properties  of  sulfur  and  the  effects  of 
sunlight,  temperature  and  moisture  on  its  action,  the  Crop 
Protection  Institute  expects  to  offer  two  fellowships  yielding 
an  income  of  $2,500  each.  Training  in  chemistry  and  plant 
physiology  is  a  prerequisite,  and  candidates  should  have  demon- 
strated ability  to  undertake  research  efforts  of  a  high  type. 
A  statement  explaining  the  purposes  and  scope  of  the  projects 
and  selection  of  research  laboratory  may  be  obtained  from  the 
Crop  Protection  Institute,  National  Research  Council,  Washing- 
ton, D.  C. 
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Civil  Service  Examinations 

The  United  States  Civil  Service  Commission  has  announced 
an  examination  for  associate  chemist  at  $2,500  to  $3600  a  year 
and  assistant  chemist  at  $1800  to  $2500  a  year,  applications  to 
be  rated  as  received  imtil  further  notice.  Applicants  must 
qualify  in  one  of  the  following  branches  of  chemistry:  advanced 
inorganic,  analytical,  biological,  dairy ,  explosives,  food,  fuel, 
metallurgical,  organic,  pharmaceutical,  physical,  soil,  petroleum, 
gas,  ceramic.  Applicants  will  be  rated  on  education,  training 
and  experience — 70  points,  publications  or  thesis  (to  be  filed 
with  application) — 30  points.  While  applications  for  examina- 
tion in  all  of  the  fifteen  optional  subjects  are  desired,  there 
is  particular  need  for  eligibles  qualified  in  the  chemistry  of 
explosives. 

An  examination  has  also  been  announced  for  junior  wharf 
examiner  (food  and  drugs),  to  take  place  on  May  10,  1922,  to 
fill  vacancies  in  the  Bureau  of  Chemistry,  for  duty  in  the  field, 
at  $1200,  with  Congressional  bonus  for  satisfactory  service. 
The  duties  will  include  locating  vessels  bearing  shipments  of 
food  and  drugs,  projJerly  drawing  samples  from  shipments, 
preparing  reports  and  records,  and  examining  and  acting  on 
customs  invoices  and  manifests.  Competitors  will  be  rated 
on  the  following  subjects:  practical  questions  on  methods  of 
sampling — 30  points;  thesis,  to  be  written  in  the  examination 
room — 20  points ;   education,  training  and  experience — 50  points. 

Examinations  have  been  announced  for  assistant  examiner  in 
the  U.  S.  Patent  Office,  to  be  given  May  10,  11,  and  12,  and  on 
June  21,  22,  and  23.  Entrance  salary  is  $1500  a  year  plus  the 
bonus,  with  provision  for  promotion  on  merit  to  positions  paying 
from  $1650  to  $3900.  Competitions  will  be  rated  on  the  follow- 
ing subjects:  methematics,  10;  physics,  20;  mechanical  draw- 
ings, 20;  language.  10;  technics,  20;  and  optional  subject,  20. 
The  following  optional  subjects  are  offered:  mechanical  engi- 
neering, civil  engineering,  electrical  engineering,  general  chemis- 
try, electrochemistry,  and  chemical  engineering. 

The  United  States  Civil  Service  Commission  has  aimounced 
examinations  for  junior  technologist  in  the  Bureau  of  Standards, 
at  salaries  of  $1200  to  $1500  a  year.  The  examinations  will  be 
given  May  24,  July  5,  and  August  23.  Examination  will  be 
given  in  the  following  optional  subjects,  and  applicants  must 
state  in  application  all  of  these  subjects  in  which  they  desire  to 
be  examined:  rubber,  leather,  paper,  textile,  oil,  and  general 
technology.  Competitors  will  be  rated  as  follows:  general 
chemistry  and  elementary  physics,  20  points;  mathematics  up 
to  and  including  calculus,  25  points;  practical  questions  on  each 
optional  subject  chosen  (at  least  one  optional  must  be  taken), 
30  points;   education,  training,  and  experience,  25  points. 
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Some  Practical  Aspects  of  Hydrogen  Electrode 

Measurements' 


By  Paul  E.  Klopsteg' 


Central  Scientific  Co.,  Chicago,  Illinois 


THE  electrical  (physical)  measurements  by  which  H-ion 
concentration  can  be  determined,  and  the  physico- 
chemical  theory  upon  which  the  measurements  are 
based,  are  somewhat  off  the  paths  trodden  by  the  average 
chemist,  and  for  this  reason  he  is  likely  to  make  only  their 
casual  acquaintance.  It  is  not  strange  that  this  sliould  be 
so;  for  there  are  so  many  new  things  purely  cliemical  with 
which  the  average  chemist  must  keep  abreast  that  a  subject 
which  is  only  indirectly  chemical  must  necessarily  be  put  on 
the  waiting  Ust,  where  it  usually  remains.  Besides,  there 
have  been  so  many  hundreds  of  papers  in  the  H-ion  literature 
of  the  past  half  dozen  years  that  the  probability  of  any  par- 
ticular ,one  of  them  having  the  sort  of  information  he  wants  is 
small  indeed. 

If  the  writer  has  correctly  interpreted  the  desires  he  has  heard 
expressed,  he  would  say  that  what  the  chemist  wants  to  know 
about  electrometric  methods  is  what  they  can  do  for  him  in 
the  solution  of  his  own  problems.  Having  the  assurance 
that  he  can  utiUze  the  method,  he  wants  to  know  how  to  pro- 
ceed to  get  his  results  with  least  effort  and  outlay,  yet  with 
such  ease,  directness,  and  accuracy,  that  the  net  balance  is  a 
saving  of  time  and  money.  This  paper  is  an  endeavor  to  an- 
swer these  questions  as  accurately  as  possible;  or,  where  a 
■definite  answer  cannot  be  given,  to  point  out  the  reason, 
and  to  suggest  the  best  procedure  for  finding  the  answer. 

Electrical  methods  of  measurement  and  control  in  chemis- 
try are  possible  because  of  the  essentially  electrical  nature  of 
the  mechanism  of  a  chemical  reaction,  i.  e.,  of  the  ions  in- 
volved in  the  reaction.  There  are  two  distinctly  different 
electrical  properties  of  solutions  that  can  be  used  to  produce 
or  control  mechanical  effects  in  a  manner  corresponding  to 
chemical  changes  in  the  solution.  These  are,  first,  conduc- 
■tance,  the  property  of  a  solution  which  permits  an  electric 
current  to  pass  more  or  less  freely.  The  second  is  the  charac- 
teristic which  results  in  a  potential  difference  or  electromotive 
force  being  set  up  between  the  solution  and  an  appropriate 
electrode  immersed  in  it.  Both  properties  depend  on  the 
ion,  or  the  atomic  carrier  of  electricity,  and  no  great  strain  on 
one's  imagination  is  needed  to  see  the  reasonableness  of  the 
very  close  relation  between  the  electrical  properties  and  the 
chemical  make-up  of  a  solution. 

Conductance  (or  more  directly  its  reciprocal,  resistance) 
of  a  solution  is  usually  and  most  conveniently  measured  by 
means  of  a  Wheatstone  bridge  of  suitable  type,  employing 
alternating  current  to  avoid  polarization  effects.  However, 
the  Wheatstone  bridge  is  not  the  only  device  suitable  for 
the  purpose — several  other  methods  well  known  in  physics 
can,  with  suitable  modifications,  be  used.  It  is  beyond  the 
limits  of  this  discussion  to  go  into  details  concerning  conduc- 
tance measurements.  My  object  is  to  give  a  presentation  of 
some  of  the  practical  aspects  of  the  potential  difference 
measurements,  particularly  applied  to  that  potential  differ- 
ence which  is  a  function  of  the  concentration  of  tlie  hydrogen 
ion.  It  should  be  said  at  this  jjoint  that  potential  difference 
cannot  be  measured  wiMi  a  Wheatstone  bridge,  which  is 
purely  a  resistance-measuring  device. 

*  Presented  before  the  Chicago  Section  of  the  American  Chemical 
Society,  October  21,  1921;  before  the  South  Bend  and  Mishawaka 
Section,  November  22,  1921;  and  before  the  Indiana  Section,  December  9, 
1921. 

>  Manager  of  Development  and  Matmfactiiring 


When  a  compound  is  dissolved  in  water,  some  of  its  mole- 
cules are  constantly  spUtting  apart  with  electrical  charges  of 
opposite  signs  on  the  two  parts.  These  oppositely  charged 
ions  are  constantly  seeking  to'recombine  and  many  of  them 
do  recombine.  When  equilibrium  is  established,  both  the 
splitting-up  process  and  the  process  of  recombination  take 
place  at  a  constant  rate,  and  the  average  number  of  free  ions 
as  compared  with  the  total  number  of  molecules  gives  us  a 
measure  of  the  so-caUed  chssociation  of  the  compound. 

It  is  well  known  that  the  water  molecule  sphts  up  into  H 
and  OH  ions,  but  at  equilibrium  in  pure  water  the  total 
ionization  is  extremely  small,  the  amount  of  H  or  OH  ions  at 
room  temperature  being  only  1/10,000,000  gram-moleeule 
per  liter  of  water;  the  water  is  therefore  1/10,000,000  normal 
acid  or  alkahne.  A  neutral  salt  dissolved  in  water  has  no 
effect  upon  this  equilibrium  condition.  Should  an  acid  or 
base  be  put  into  the  water,  however,  the  former  increases 
the  number  of  H  ions  and  the  latter  the  number  of  OH  ions, 
with  the  result  that  the  rate  of  combination  of  oppositely 
charged  ions  becomes  greater,  and  when  equilibrium  is  es- 
tablished, the  concentration'  of  H  and  OH  ions,  respectively, 
wiU  be  much  greater  than  1/10,000,000  normal."  With  an 
acid  like  HC!,  for  example,  it  is  easily  possible  to  have  such 
a  high  degree  of  ionization  that  in  a  molar  solution  of  HCl, 
more  than  80  per  cent  of  the  hydrogen  is  ionized.  Such  an 
acid,  in  which  a  relatively  large  proportion  of  the  H  atoms 
are  ionized,  is  regarded  as  a  strong  acid.  The  strength  of 
an  acid  is  thus  related  to  the  number  of  H  ions  present  in 
the  solution.  If,  for  example,  a  molar  solution  of  acetic  acid 
be  made  up,  only  4. .3  parts  per  thousand  of  the  available  hy- 
drogen wiU  be  ionized.  Bases  behave  similarly  with  respect 
to  OH-ion  concentration.  These  considerations  bring  out 
the  distinction  between  available  and  actual  hydrogen-  or 
hydroxyl-ion  concentration.  In  both  HCl  and  CH3COOH, 
the  molar  solution  contains  available  hydrogen  to  the  extent 
of  1.008  g.  per  liter;  but  in  the  first  instance  there  is  present 
in  ionized  form,  ready  to  react,  about  0.83  g.,  while  in  the 
second  there  are  only  4.3  mg.  Measurements  of  H-ion  con- 
centration involve  a  direct  determination  of  the  concentra- 
tion of  actual  ionized  hydrogen  present.  This  cannot  l)e 
found  by  titration  with  standard  neutralizing  solutions,  which 
gives  a  measure  merely  of  total,  not  actual  reaction. 

>  In  this  connection  the  writer  takes  the  liberty  of  quoting  from  a 
statement  he  made  several  years  ago  in  L.  &  N.  Catalog  No.  75,  footnote,  p.  6; 
"The  discrepancies  observed,  especially  in  strong  acids,  between  the  ionic 
concentrations  as  measured  by  conductivity  methods  on  the  one  hatul  and 
with  the  hydrogen  electrode  on  the  other,  suggest  that  the  quantity  which 
we  call  H-ion  concentration  may  not  actually  represent  the  degree  of  normal- 
ity of  hydrogen  ions  in  the  solution  under  test.  Some  have  preferred  to 
call  this  quantity  'activity.'  Whatever  name  we  choose  to  apply  to  it,  the 
fact  remains  that  in  connection  with  a  solution  containing  hydrogen  ions 
there  is  a  definite  quantity  susceptible  to  measurement,  to  the  different  val- 
ues of  which  there  coriespond  very  definite  characteristics  of  the  solution. 
In  this  discussion  we  prefer  to  use  the  term  'hydrogen-ion  concentration,' 
and  in  so  doing  we  shall  feel  no  concern  regarding  the  objections  which  have 
been  made  to  the  use  of  the  term." 

*  This  fi  action  is  more  simply  expressed  as  I  X  lO"',  the  negative  ex- 
ponent of  10  signifying  that  the  power  of  10  indicated  is  the  denominator  of 
the  fraction.  It  is  evident  that  any  value  between  1/10,000,000  and  1/1,000,- 
000,  the  latter  being  the  same  as  10/10,000,000,  can  be  expressed  by  a 
factor  between  1  and  10,  times  10~'.  The  factor  need  not  be  purely 
integral,  i.  c,  it  may  he  an  integer  plus  a  fraction,  e.  g.,  (i.43  X  lO"'.  The 
same  statements  hold  for  any  decimal  interval.  This  is  thecoiumon  method 
of  expressing  H-ion  concentrations  in  terms  of  normal. 
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It  is  important  to  observe  that,  whatever  the  H-ion  con- 
centration may  b?  when  a  substance  is  dissolved  in  water, 
the  product  of  the  concentration  of  H  and  OH  ions  is  10~". 
Hence,  in  designating  acidity  or  alkalinity,  it  is  merely  nec- 
essary to  mention  the  value  of  H-ion  concentration,  for 
its  OH-ion  concentration  follows  directly  from  this  figure  as 
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Fig.  1 — Electrode  potential  of  hydrogen  electrode  with  reference  to 
solution  in  which  it  is  immersed,  plotted  against  logarithm  of  hydrogen-ion 
concentration. 

shown  a  moment  ago.  Another  point  worth  remembering  is 
that,  when  the  H-ion  concentration  is  10~'\  the  OH-ion 
concentration  is  10°,  or  normal. 

If  we  put  an  electrode  of  any  metal  or  of  hydrogen  into  a 
solution  containing  the  corresponding  ions,  there  wiU  be  set 
up,  as  a  result  of  establislmient  of  equilibrium  between  the 
solution  pressure  of  the  electrode  substance  and  the  osmotic 
pressure  of  the  ions,  a  potential  difference  between  the  elec- 
trode and  the  solution.  You  will  recall  that  potential  differ- 
ence (measured  in  volts  or  millivolts),  sometimes  called 
voltage,  bears  to  electricity  exactly  the  same  relation  that 
pressure  bears  to  water.  The  higher  the  water  pressure,  the 
greater  will  be  the  speed  with  which  a  given  quantity  of 
water  passes  any  point  in  a  pipe  or  the  greater  the  current. 
Similarly,  the  greater  the  potential  difference,  or  electric 
pressure,  the  stronger  the  electric  current  resulting  when  a 
path  is  provided  in  which  it  may  flow.  But  just  as  water 
pressure  can  exist  statically,  without  causing  a  current  of 
water,  e.  g.,  when  the  pipe  is  stopped,  so  a  potential  differ- 
ence can  exist  without  causing  a  current,  e.  g.,  when  no  cir- 
cuit is  provided.  And  it  is  this  electrical  pressure  or  voltage 
which  varies  as  the  concentration  of  the  ions  varies.  It  may 
be  positive  or  negative  ■ndth  reference  to  tbe  solution,  i.  e., 
may  have  a  deficiency  or  excess  of  electrons  as  compared  with 


the  solution,  this  depending  on  the  solution  pressure  of  the 
metal  and  the  osmotic  pressure  or  concentration  of  the  ions 
of  that  metal. 

The  measured  values  of  H-ion  concentration,  whether 
they  be  determined  colorimetrically  or  by  the  methods 
which  are  here  being  discussed,  derive  their  status  from 
Nernst's    equation, 

E  =  Eo-f  5^   log.  C+, 

in  which  E  is  the  potential  difference  between  an  electrode  and 
the  solution  containing  the  corresponding  ions;  Eo  is  the 
electrolytic  potential,  or  the  particular  value  of  E  when  the 
ionic  concentration  C+  in  the  solution  is  normal;  R  is  the 
gas  constant ;T,  the  absolute  temperature;  n,  the  valence  of 
the  ion;  F,  the  faraday,  or  96,500  coulombs;  and  log,  C+  is 
the  natural  logarithm  of  the  ionic  concentration. 

Taking  the  hydrogen  electrode  specifically,  this  is  nothing 
more  than  a  coating  of  platinum  black  deposited  on  an  inac- 
tive metal,  and  exposed  sufKciently  long 'to  a  hydrogen  at- 
mosphere to  become  saturated.  Such  an  electrode  is  posi- 
tive to  the  solution  when  the  concentration  of  hydrogen  ions 
is  normal;  zero,  when  the  concentration  is  somewhat  less  than 
1/100,000;  and  is  negative  for  lower  values  of  concentration. 
This  is  shown  in  Fig.  1,  which  is  a  graph  of  Nernst's  equation 
as  apphed  to  the  hydrogen  electrode.  The  values  of  poten- 
tial used  are  based  on  observations,  recorded  in  chemical 
literature,  made  with  the  dropping  electrode  or  upon  the 
curvature  of  the  mercury  surface  in  the  tube  of  a  capillary 
electrometer.  They  are  approximately  correct,  probably 
within  10  mOlivolts.  These  potential  values  are  plotted  as 
abscissas,  and  the  common  logarithm  of  the  concentration  as 
ordinates.  We  have  here  adopted  the  convention  of  plotting 
the  curve  in  the  fourth  quadrant,  so  that  decreasing  actual 
acidity  is  represented  by  a  downward  slope  of  the  graph. 
This  is  also  consistent  with  the  fact  that  the  logarithms  are 
negative,  since  C+  for  hydrogen  is  always  expressed  as  a 
fraction  of  normal,  and  the  logarithm  of  a  fraction  is  a  nega- 
tive number.  On  this  scale  of  ordinates,  —1  means  0.1  N; 
-2  means  0.01  N,  etc.,  since  log  1/10=  -1  and  log  1/100  = 
—2.  This  scale,  taken  positively,  is  called  the  pH  scale,* 
according  to  Sorenson's  suggestion.  Because  of  its  con- 
venience, biochemists  have  unanimously  adopted  the  pH 
scale. 

To  convert  a  pH  number*  to  actual  H-ion  concentration 
it  is  necessary  only  to  find  the  number  corresponding  to  the 
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Fig.  2 — Showing  use  of  slide  rule  for  converting  pH  into  C  and  vice 
versa.  Upper  scale  represents  scale  of  equal  parts  (whole  length  of  rule) 
and  lower  scale  the  inverted  logarithmic  scale. 


•  Properly  written,  this  should  be  pjj,  the  derivation  being  that  the 
number  is  proportional  to  the  potential  of  the  H  electrode.  For  conven- 
ience in  typographical  work,  pH  is  quite  generally  used. 

"  It  is  unfortunate  that  a  single  method  for  designating  acidity  and 
alkalinity  has  not  been  adopted.  There  are  arguments  for  both  the  pH 
system  and  the  numerical  designation  of  H-ion  concentration.  The  former, 
which  is  not  as  commonly  used  among  chemists  as  the  latter,  has  the  ad- 
vantage that  pH  values  are  linearly  proportional  to  voltage,  and  the  worker 
soon  associates  the  pH  value  with  perfectly  definite  characteristics  of  a 
solution.  The  latter,  though  it  has  definite  physical  meaning  and  is  therefore 
more  logical  to  use,  is  somewhat  cumbersome,  and  greater  effort  is  required 
to  become  6tient  in  its  use. 
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pH  value  taken  as  a  negative  logarithm.  As  an  illustration  of 
this  conversion  process,  suppose  we  wish  to  determine  the 
H-ion  concentration  of  a  solution  whose  pH  number  is  9.54. 
The  logarithm  of  the  concentration  sought  is  —9.54.  The 
negative  sign  means  that  the  corresponding  value  is  a  frac- 
tion, the  denominator  of  which  is  the  number  whose  logarithm 
is  9.54,  or  the  fraction  of  normal  concentration  is  1/3,500,- 
000,000.  This  mode  of  expression  is  awkward.  A  better 
way  is  to  write  it  in  accordance  with  the  plan  mentioned  in 

rootnote  3,  or  — -  X  lO-^",  which  is  2.8S  X  lO"'". 
0.35 

Conversion  from  pH  to  C  and  vice  versa  is  easOy  made 
with  a  slide  rule  having  a  scale  of  reciprocals,  or  with  an 
ordinary  slide  rule,  by  inverting  the  slide.  The  scale  of 
equal  parts  then  reads  the  portion  of  the  pH  number  after 
the  decimal  point,  while  the  inverted  scale  reads  the  concen- 
tration factor  which  is  multiplied  by  10  with  a  negative  ex- 
ponent greater  by  1  than  the  characteristic  (preceding  the 
decimal  point)  of  the  pH  number.  Fig.  2  will  serve  as  a 
guide  in  following  this  example  on  a  sUde  rule. 

We  now  have  the  following  picture:  An  electrode  of  plati- 
num black,  saturated  with  hydrogen,  in  a  solution;  a  poten- 
tial difference  between  the  electrode  and  the  solution,  depend- 
ing upon  the  H-ion  concentration.  The  problem  is  to  measure 
this  potential  difference  and  its  variations  as  the  concentra- 
tion of  H  ions  changes.  To  make  the  measurement  with  an 
electrical  measuring  instrument  requires  that  means  be  foiind 
to  connect  the  instrument  to  the  electrode  and  solution,  re- 
spectively, without  introducing  any  additional  potential 
differences  into  the  circuit  which,  in  the  measurement,  could 
not  be  differentiated  from  the  potential  difference  we  are 
trjdng  to  measure.  We  could  make  a  metallic  connection 
to  the  hydrogen  electrodes,  which  would  result  in  no  diffi- 
culty; but  how  shall  we  connect  to  the  solution  and  not  run 
into  trouble?  Obviously  we  cannot  use  a  metal  electrode, 
dipping  it  into  the  solution,  for  this  would  be  the  seat  of  an 
unknown  variable  electromotive  force.  But  a  liquid  junc- 
tion can  be  established  at  which  the  e.  m.  f .  is  either  negligible 
or  very  small  and  determinable;  and  if  we  can  hold  the  second 
liquid  invariable,  and  immerse  in  it  a  suitable  electrode  con- 
nected to  our  apparatus,  the  answer  might  be  found.  Al- 
though this  would  almost  surely  introduce  an  e.  m.  f.  in  series 
with. the  significant  e.  m. f.,  the  former  would  be  constant 
and   determinable. 

An  obvious  thought  is  to  use  as  the  second  liquid,  through 
which  connection  to  the  test  solution  is  established,  a  solu- 
tion of  fixed  H-ion  concentration,  in  combination  with  a 
second  hydrogen  electrode.  This  gives  us  a  connection  such 
that  the  over-aU  potential  difference  will  be  measurable,  and 
in  which  any  variation  of  potential  is  due  only  to  the  changing 
H-ion  concentration  in  the  test  solution.  Fig.  3  illustrates 
the  idea. 

The  same  arrangement  of  electrodes,  with  the  addition  of  a 
galvanometer  and  tapping  keys  with  protective  resistance, 
as  shown  in  Fig.  4,  serves  a  very  useful  purpose' — that  of 
enabUng  the  user  to  adjust  the  pH  of  a  solution  to  be  very 
closely  the  same  as  that  of  another  reference  or  standard 
solution.  Consider  A  and  F  immersed  in  solutions  of  different 
pH  values,  assuming  B  to  be  more  acid  than  D.  The  elec- 
trical pressure  (potential  difference)  is  such  that  A  tends  to 
cause  a  flow  into  B;  at  the  same  time  F  tends  to  cause  a 
flow  of  electricity  into  D,  but  the  pressure  is  not  so  great, 
since  D  is  less  acid.  If  the  circuit  be  closed  through  the 
galvanometer,  a  current  flows,  and  causes  a  deflection, 
because  of  these  unbalanced  tendencies.    Now  let  us  imagine 

'  The  arrangement  and  the  application  here  described  were  suggested 
by  the  writer  in  Scienif,  N.  S.,  62  (1920),  18,  where  a  more  complete  de- 
scription may  be  found. 


that  B  is  a  solution  of  exactly  the  proper  acidity,  and  that  we 
wish  to  render  D  as  nearly  like  B  as  possible.  All  we  need 
to  do  is  to  add  H  ions  to  D  until  the  galvanometer  shows  no 
deflection  when  the  key  is  closed.     This  method  requires  no 


^(^ 


C 


^r^k■ 


Fig.  3 — A  possible  "gas-chain"  arrangement,  in  which  A  is  the  stand- 
ard solution,  D  the  test  solution  and  C  the  connecting  tube.  The  latter 
is  611ed  with  a  neutral  conducting  liquid,  like  KCl;  the  ends  are  plugged 
with  cotton  wool  to  prevent  diffusion.  The  hydrogen  electrode  potential 
in  A  remains  fixed,  while  that  in  D  varies  with  the  acidity  of  D. 

knowledge  of  units— only  of  manipulation.  An  illustration 
would  be  to  use  a  salt  solution  in  B,  and  to  titrate  the  corre- 
sponding acid  with  the  cor?esponding  base  in  D.  Or,  we  might 
put  a  solution  of  known  H-ion  concentration  in  B,  and  use 
the  arrangement  in  lieu  of  the  more  usual  color  indicator. 
This  method  has  found  much  application  in  the  adjustment 
of  bacteriological  culture  media.  Each  end-point,  of  course, 
requires  a  particular  solution  of  known  pH  value.  By  this 
and  the  other  electrometric  methods  to  be  described,  it  is 
easily  possible  to  titrate  to  within  0.01  pH  unit.  This  is. 
far  closer  than  we  can  work  with  the  best  color  indicators 
under  the  most  favorable  conditions. 

The  simpUcity  of  application  of  color  indicators  makes 
them  a  very  useful  tool  in  the  chemist's  kit.  As  to  the 
limits  of  their  usefulness,  we  might  say  in  general  that  tur- 
bidity or  color  in  solutions,  poor  lighting  conditions,  and 
some  kinds  of  salts  and  proteins  make  accurate  determina- 
tions difficult,  and  when  such  conditions  are  encountered,  the 
chemist  should  be  on  his  guard  lest  he  assume  that  he  is  get- 
ting greater  accuracy  than  is  actually  the  case.  With  a 
clear  and  colorless  solution  serving  as  the  vehicle  for  a  simple, 
well-defined  reaction,  we  can  expect  an  absolute  accuracy  of 
±0.3  pH  unit  or  slightly  better.  For  many  purposes  this  is 
ample,  since,  at  the  equivalent  point  of  a  titration,  a  few 
drops  suffice  to  change  the  concentration  of  the  H  and  OH 
ions  by  several  pll  units.  The  result  is  that  in  a  simple  ti- 
tration with  strongly  ionized  reagents  almost  any  one  of  the 
usual  indicators,  such  as  methyl  orange,  phcnolphthalein, 


402 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  5 


azolitmin,  and  many  others  investigated  by  different  workers, 
give  a  sufficiently  accurate  indication  of  the  neutral  point. 


z-s>*-H 


Fig.  4 — Showing  the  appUcatiou  of  the  gas  chain  shown  in  Fig.  3  to 
simple  titrations  to  a  desired  end-point.  The  hydrogen  electrodes  are 
connected  through  a  galvanometer,  to  show  equality  of  potential,  and 
suitable  tapping  keys. 

If,  however,  we  desire  to  adjust  an  acidity  or  alkalinity  in  a 
particular  region  where  there  is  no  sudden  change,  it  is  neces- 
sary to  be  careful  in  the  selection  of  the  indicator,  which 
should  change  color  rapidly  in  the  region  in  which  we  are  in- 
terested. Methyl  red,  for  example,  could  not  be  used  as  an 
indicator  outside  the  limits  4.5  to  6.  Another  important 
point  to  observe  is  that  all  indicator  ranges  have  been  es- 
tablished with  the  hydrogen  electrode,  and  that  the  color  in- 
dicator is  a  secondary  rather  than  a  primary  method  in  analysis 
or  control.  We  may  make  the  summary  that  the  electrometric 
method  is  superior  to  the  colorimetrio  method  in  the  fact  that 
with  it  we  may  often  secure  information  that  would  be  impos- 
sible to  obtain  bj'  the  indicator  methods;  and  that  in  any 
case  to  which  the  hydrogen  electrode  can  be  applied,  the  re- 
■eults  will  be  much  more  accurate  than  with  an  indicator. 
Where  the  color  indicator  methods  can  be  used,  they  are  to  be 
recommended  for  their  convenience. 

Both  the  colorLmetric  and  electrometric  methods  can  to 
good  advantage  employ  solutions  of  known  pH,  for  check 
tests  if  for  no  other  reason.  Sorenson,  Clark  and  I.ubs, 
and  others  have  worked  out  formulas  for  so-called  "buffer 
mixtures"  of  any  desired  pH  value.  The  "buffer  mixture" 
is  a  mixture,  such  as  an  acetate,  phthalate,  or  phosphate, 
which  has  great  stability  as  regards  changes  in  pH.  For 
example,  although  very  careful  experiments  show  pure  water 
to  have  an  H-ion  concentration  of  10  "',  measurement  on 
distilled  water  of  high  purity  wiU  seldom  yield  this  value, 
because  even  the  slightest  acid  or  alkahne  contamination 
(e.  g.,  carbon  dioxide  from  the  air)  may  change  this  exceed- 
ingly small  concentration  tenfold  or  a  hundredfold.  We 
can,  however,  produce  a  stable  solution  having  a  concentra- 
tion of  10  - '  by  mixing  50  cc.  of  0.2  M  KEiTOt  with  31  cc.  of 
the  same  strength  NaOH,  and  diluting  to  200  cc.    Specific 


apphcation  of  such  a  solution  has  already  been  indicated 
in  the  comparison  method  of  titration,  employing  only  a 
galvanometer. 

Returning  from  this  brief  digression  to  the  question  of  how 
to  find  quantitatively  the  variation  in  potential  of  the  hydro- 
gen electrode  with  reference  to  the  test  solution,  we  have  seen 
that  an  electrode  of  fixed  and  determinable  potential  in  an 
unvarying  solution  can  be  added  to  the  chain,  and  that  it 
affords  a  means  for  access  to  the  quantity  to  be  measured. 
Any  such  auxiliary  electrode  will  do;  but  the  type  which 
has  come  into  most  general  use,  and  which  is  generally  ac- 
cepted as  the  most  satisfactory  and  convenient  is  the  so-called 
calomel  half-cell,  or  "calomel  electrode."  It  has  a  variety 
of  modifications  in  design  and  execution.  Essentially  it  con- 
sists of  pure  mercury  as  the  electrode  proper,  covered  with  a 
layer  of  pure  calomel  in  solution  of  potassium  chloride  of 
kno'rni  saturation,  which  itself  has  been  saturated  with  calo- 
mel. The  cell  with  OA  N  KCl  has  probably  been  most 
closely  studied;  but  there  are  certain  advantages  in  the  use 
of  a  more  concentrated  potassium  chloride  solution,  which 
will  be  pointed  out  later.  The  cell  has  a  side  arm,  or  siphon 
tube,  through  which  connection  is  established  with  the  solu- 
tion under  test.  Quite  commonly,  where  accurate  nieasure- 
ments  are  desired,  a  "connecting  vessel"  is  used,  containing 
saturated  potassium  chloride  solution.  This  is  interposed 
between  the  test  solution  and  the  calomel  electrode  for  the 
purpose  of  eUminating  liquid  contact  potentials.  Since 
the  latter  seldom  exceed  a  few  millivolts,  the  connecting  ves- 
sel can,  in  most  practical  work,  be  omitted.  The  common  ar- 
rangement, known  as  a  "gas  chain,"  is  shown  in  Fig.  5. 

With  an  arrangement  of  this  kind,  we  know  that  a  certain 
potential  difference  exists  between  the  mercury  and  the 
hydrogen  electrodes,  and  that  to  any  particular  potential 
difference  there  corresponds  one  particular  value  of  H-ion 
concentration.  If  we  assume  for  the  moment  that  this  po- 
tential difference  can  be  measured,  we  can  apply  our  working 
formulas, 

V  =  K -0.059  Hog  C  + 
or,  since  pH=  —log  C"*", 

V  =  V  +  0.0591  pH, 

to  the  determination  of  either  C+  or  pH.  The  formulas  come 
directly  from  Nernst's  equation,  which  has  previously  been  ex- 
plained.    In  them  V  is  the  measured  voltage,  and  v  is  the 


Fig.  5 — Sketch  of  commonly  used  gas  chain,  showing  hydrogen  elec- 
trode supplied  with  hydrogen  from  Kipp  generator,  purified  in  wash 
bottles;  calomel  electrode  with  rubber  tube  connection  to  stock  solution 
of  KCl.  Both  electrodes  in  electrical  contact  with  solution  under  test  in 
beaker. 

voltage  which  would  be  measured  if  the  hydrogen  electrode 
were  in  a  solution  having  normal  concentration  of  hydrogen 
ions;  for  in  such  a  solution  C+=l,  log  1=0;  hence  pH  =  0. 
Fig*  6  clearly  illustrates  the  formulas.     In  this  figure  length 
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of  line  is  proportional  to  voltage;  AD  represents  the  measured 
voltage,  and  AB  the  voltage  which  would  exist  between  the 
calomel  electrode  and  a  hydrogen  electrode  in  a  solution  of 
normal  H-ion  concentration.  AO  represents  what  is  known 
as  the  electrode  potential  of  the  calomel  electrode  (0.560 
volt  at  18°  C.  for  a  1.0  A^  KCl  solution)  although  it  is  to  be 
noted  that  this  does  not  enter  into  our  computations.    The 

portion  BD   of  the 
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I   ■'-'"   electrode  at  p  H  -  0 
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.Potential  of  mercurij  in 
'■^      calomel  electrode 


•Q-Pofential  of  solution 


line  corresponds  to 
an  abscissa  in  Fig.  1, 
O  in  the  latter  cor- 
responding to  the 
point  0  in  Fig.  6. 

A  very  important 
practical  question 
now  is  how  to  meas- 
ure the  voltage  be- 
tween the  hydrogen 
electrode  and  the 
calomel  cell.  The 
hydrogen  electrode 
is  said  to  be  in 
equilibrium  when, 
on  further  exposure 
to  hydrogen  gas,  its 
potential  does  not 
change  in  an  un- 
changing solution. 
As  has  been  stated, 
the  calomel  elec- 
trode has  merely 
the  unchanging 
reference  potential, 
which  may  be  lik- 
ened to  a  fixed  point 
with  reference  to 
sea  level,  from  which 
we  measure  the  elec- 
trical level  of  the 
hydrogen  electrode. 
We  find  that  to 
make  this  measure- 
ment accurately  we 
must  draw  no  cur- 
rent from  the  hydrogen  electrode,  for  to  do  this  would  change 
its  potential.  We  may  compare  it  with  a  standpipe  of  small 
diameter,  the  level  of  the  water  in  which  changes  if  ever  so 
little  water  be  drawn  off.  Our  problem  in  measurement  of 
this  voltage  between  hydrogen  and  calomel  electrodes — in 
other  words,  of  the  gas  chain — then  resolves  into  this:  It 
must  be  measured  without  permitting  any  appreciable  flow 
of  electricity  through  the  electrodes. 

In  physics  we  have  three  methods,  which  have  long  been 
well  known,  for  accomplishing  this  purpose.  These  are, 
first,  the  electrometer,  of  the  quadrant  type,  which  is  rela- 
tively unimportant  in  this  discussion;  second,  and  also  of  small 
importance,  the  charging  of  a  condenser  by  connection  to  the 
gas  chain,  and  measuring  the  charge  with  a  so-called  ballistic 
galvanometer;  the  third  and  really  important  method  is 
that  employing  a  means  for  balancing  a  measurable,  adjusta- 
ble, potential  difference  against  the  unknown.  To  return 
to  the  analogy  which  has  been  used  several  times  in  this 
presentation,  it  may  be  likened  to  some  such  scheme  of  meas- 
uring the  pressure  of  water  in  a  standpipe  by  using  a  second 
standpipe  in  which  the  head,  and  hence  the  pressure,  is  ad- 
justable and  measural)le,  and  "bucking"  the  second  against 
the  first.  If,  on  opening  the  valve  connecting  the  two  pipes, 
there  is  no  flow  in  either  direction,  as  shown  by  a  flowmeter, 


.•p,_Potential  of    Kvjdroqen 

"'-'  electrode  in  solutioa 

under  test 


Fig.  6 — Diagrammatic  representation  of  rel- 
ative potentials  of  calomel  and  hydrogen  elec- 
trodes, and  solution  potential.  This  gives  a 
graphic  illustration  of  the  working  formula  for 
the  type  of  gas  chain  shown  in  Fig   5, 


the  two  pressures  are  equal,  and  the  first  is  known,  since  it 
is  equal  to  the  second  which  is  measurable. 

Potentiometer  Methods 

The  plan  of  connections  underl3dng  all  potentiometer  or 
compensation  methods  is  shown  in  Fig.  7.  The  similarity 
with  this  of  the  connections  used  in  what  is  known  as  Hilde- 
brand's  method  (Fig.  8)  is  apparent.  The  difference  be- 
tween the  usual  potentiometer  method  and  this  is  that  in  the 
former  a  standard  cell  is  used  to  estabhsh  a  known  fall  of 
potential  along  the  measuring  circuit,  while  in  the  latter 
the  fall  of  potential  is  ascertained  at  any  one  setting  by  read- 
ing a  voltmeter.  Wc  observe  that  in  each  instance  a  source 
of  current  is  needed  to  produce  the  necessary  potential 
difference  to  balance  that  of  the  gas  chain,  and  a  galvanometer 
is  required  for  indicating  when  that  balance  has  been  es- 
tablished. 

Within  the  past  few  years  a  number  of  instruments  have 
appeared  on  the  market,  or  have  been  described  in  the  jour- 
nals, which  employ  the  potentiometer  principle.  Among 
them  may  be  mentioned  the  "ionometer,"  of  Bartell,  which 
followed  McClendon's  description  of  a  direct  reading  po- 
tentiometer; another  instrument  called  an  "ion-o-meter," 
described  by  Elliott;  the  Bovie  potentiometer;  the  pyro- 
volter,  employing  the  balanced  potential  principle;  the 
Wendt  titration  outfit,  employing  Hildebrand's  connections; 
the  Kelley  electrometric  titration  apparatus,  designed  for 
determinations  of  chromium  vanadium  and  manganese  in 
alloy  steels,  and  utilizing  the  change  in  potential  during  an 
oxidation-reduction  process;  the  Roberts  outfit,  used  in 
determining  minute  quantities  of  ferrous  in  the  presence  of 
ferric  oxides;  the  Eppley  titration  apparatus;  Hendrixon's 
improvised  potentiometer,  for  iodometric  titrations;  the 
Type  K  potentiometer,  the  portable  H-ion  potentiometer, 
and  the  automatic  recording  potentiometer  of  Leeds  & 
Northrup  Co.;  and  a  number  of  others.  With  a  Ust  as 
formidable  as  this  before  him,  the  poor  chemist,  lacking  guid- 
ance, must  be  quite  at  sea  in  the  matter  of  making  the  proper 
selection  for  his  particular  problem. 
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Fio.  7 — Potentiometer  circuits.  To  operate,  Ki  is  tapped  and  rheo- 
stsU  in  upper  circuit  adjusted  for  zero  deflection  of  gi»Ivaiionicter.  This 
establislies  a  known  current  in  ihc  ciilibrnted  resistunce.  For  meas- 
urinK  unknown  e.  m.  f..  Kj  is  tapped  and  S  moved  until  galvanometer 
shows  zero.  The  position  of  S  is  then  read  on  a  scale  which  is  calibrated 
directly  in  volts. 
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Selection  of  Appae.itus 

It  is  impossible,  of  course,  to  discuss  each  of  these  instru- 
ments, and  state  where  it  is  applicable.  The  writer  can 
give  onlj'  a  few  general  suggestions  which  will  be  helpful  in 
determining  what  outfit  best  suits  certain  requirements. 

IS  THE  HYDROGEN   ELECTRODE    APPLICABLE? — In    the   first 

place,  we  must  know  whether  or  not  the  hydrogen  electrode 
will  be  well  behaved  in  the  solution  under  test.  There  are 
many  complex  solutions,  containing  substances  that  are 
hkely  to  "poison"  the  electrode  and  cause  it  to  disregard  with 
great  obstinacy  the  expectation  that  it  will  observe  Nernst's 
law.  The  best  course  is  either  to  borrow  an  outfit  from  some- 
one, or  to  let  someone  who  has  an  outfit  test  the  solution  in 
which  you  are  interested.  Some  work  has  been  done  on 
-  "poisoning"  of  electrodes,  and  the  writer  has  been  informed 
that  a  method  has  been  devised  for  restoring  "poisoned" 
electrodes,  and  removing  from  them  the  tendency  to  misbe- 
have at  any  future  time.  Some  of  the  "poisons"  that  have 
been  mentioned  are  formaldehyde,  sulfides,  ammonia,  and 
certain  nitrates.  There  may  be  other  substances  in  the  solu- 
tion upon  which  the  platinum  black  in  the  electrode  exerts 
a  catalytic  action.  In  solutions  containing  charged  colloidal 
particles,  it  is  impossibk  to  measure  the  H-ion  concentration 
because  of  the  presence  of  these  particles.  According  to 
Bovie,  the  silver  remaining  in  a  solution  after  precipitation 
with  hydrochloric  acid  is  sufficient  in  quantity  to  "poison" 
the  electrode  completely. 

It  is  well  to  have  at  hand  a  buffer  solution  of  known  pH 
value  which  is  altogether  free  from  suspicion  of  poisoning  the 
electrode.  An  electrode  which  in  the  test  solution  behaves 
pecuharly  can  then  be  quickly  tested  in  the  buffer  solution, 
to  determine  whether  or  not  it  is  poisoned.  Should  it,  in  this 
solution,  give  an  indicated  voltage  far  different  from  the 
value  it  should  give  for  the  known  pH,  a  new  electrode  should 
be  used.  Several  tests,  on  different  electrodes,  should  be 
made  before  the  hydrogen  electrode  is  rejected  as  a  possibility. 

WHAT  IS  THE  DESIRED  ACCtmACY  OF  MEASUREMENT? — ^As- 
suming that  the  hydrogen  electrode  will  work,  we  should 
decide  as  to  the  accuracy  wth  which  the  measurements  are 
to  be  made.  The  impression  prevails  that  instruments  of 
highest  accuracy  and  sensiti\'ity  are  requisite  to  any  kind  of 
H-ion  measurements.  In  ordinarj'  works  and  laboratory' 
processes  high  sensitivity  is  a  hindrance  rather  than  a  help, 
because  of  the  likelihood  of  the  operator  to  draw  erroneous 
conclusions  from  indications  that  are  caused  by  insignificant 
factors.  In  general,  solutions,  and  conditions  of  tempera- 
ture and  pressure,  are  not  reproducible  within  verj'  narrow 
limits,  and  other  unknown  and  uncontrolled  sources  of  small 
error  are  always  hkely  to  be  present.  For  all  practical  pur- 
poses, an  absolute  accuracy  of  from  5  to  10  millivolts  in  the 
measuring  instrument,  and  a  sensitivity  in  the  galvanometer 
of  2  to  5  millivolts  under  conditions  of  test,  i.  e.,  in  the  gas- 
chain  circuit,  is  ample.  This  accuracy  corresponds  to 
0.1  pH  unit,  which  is  far  closer  than  can  be  measured  with 
a  color  indicator  under  the  most  favorable  conditions. 

For  investigations  involving  the  determination  of  another 
decimal  place  in  a  physicochemical  constant,  or  the  test  of 
a  theoretical  equation,  it  is  obvious  that  none  but  the  high- 
est grade  potentiometer  should  be  used,  in  conjunction  with 
a  highly  sensitive  galvanometer.  It  is  obvious  also  that  the 
iLse  of  such  instruments  imposes  an  obhgation  to  exercise  the 
greatest  possible  care  in  controlling  all  the  conditions  of  the 
experiment.  The  conditions,  and  their  control,  he  outside 
the  Umitations  upon  this  discussion. 

Once  the  chemist  has  decided  how  accurately  he  wishes  to 
measure,  his  choice  of  apparatus  among  the  different  available 
kinds  win  be  largely  influenced  by  his  own  ideas  as  to  suita- 


bihty  of  design  and  convenience  of  manipulation  of  the  ap- 
paratus under  consideration,  and,  to  a  minor  degree,  upon 
the  persuasive  power  of  the  salesman  offering  it. 

The  Calomel  Electrode 

There  is  little  choice  among  the  various  available  designs. 
Each  has  some  merits.  SimpUcity  in  this  as  well  as  in  other 
parts  of  the  apparatus  is  much  to  be  desired.  As  regards  the 
selection  of  degree  of  saturation  of  potassium  chloride  solu- 
tion, concentrations  greater  than  0.1  A'' are  to  be  recommended. 
Mudge  and  Fales  have  shown  that  the  saturated  potassium 
chloride  electrode  is  extremely  stable,  that  it  minimizes  re- 
sistance of  the  gas  chain,  and  that  sUght  changes  in  saturation 
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Fig.  S — Hildebrand's  connections  for  measuring  gas-chain  voltage.  The 
e.  m.  f.  from  the  gas  chain  is  balanced  by  adjustment  of  the  potential 
divider  until  galvanometer  shows  zero.  The  voltmeter.  permanenUy 
connected  as  shown,  then  reads  the  potential  difference  which  was  required 
to  balance  the  unknown  e.  m.  f. 


have  very  httle  effect  upon  its  potential.  The  same  state- 
ment holds  for  the  N  KCl  solution  to  a  lesser  degree.  The 
latter  has  an  advantage  over  the  former  in  that  no  trouble- 
some "creeping"  of  solution  and  crystallization  of  salt  out- 
side the  vessel  occurs,  although  in  the  former  case  the  trouble 
from  creeping  can  be  obviated  by  setting  limits  to  it  with 
vaseline  or  paraffin. 

The  reservoir  vessel  should  contain  potassium  chloride  of 
the  same  concentration  as  that  in  the  cell,  saturated  with  cal- 
omel. The  cell  should  be  flushed  out  from  time  to  time  by 
allowing  some  of  the  stock  solution  to  run  through  the  siphon 
arm.  This  prevents  contamination  of  the  cell  from  the 
testing  solution.  In  flusliing,  care  should  be  taken  to  dis- 
place all  air  bubbles  in  the  siphon  tube,  since  these  introduce 
a  high  resistance  into  the  galvanometer  circuit  and  render 
the  indications  sluggish  and  insensitive. 

In  work  of  the  degree  of  accuracy  we  are  considering,  the 
connecting  vessel  may  be  omitted  for  reasons  aheady  stated. 
Errors  due  to  hquid  junction  potentials  are  least  when  a 
calomel  electrode  with  saturated  potassium  chloride  is  used. 
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The  Hydrogen  Electrode 

Successful  deposition  of  platinum  black  on  the  electrode  is 
a  fairly  simple  matter,  for  which  there  are  many  methods. 
A  procedure  which  the  WTiter  has  found  invariably  successful 
is  to  use  a  weak  solution  of  platinic  chloride — about  2  per  cent 
—and,  after  having  most  thoroughly  cleaned  the  platinum, 
introduce  the  electrode  and  a  j^iece  of  clean  platinum  wire, 
or  another  electrode,  into  the  solution.  These  two  electrodes 
are  connected  to  two  dry  cells  in  series.  As  soon  as  there  is  a 
copious  evolution  of  gas,  reverse  the  connections,  and  con- 
tinue reversing  at  the  same  indication,  for  several  minutes. 
The  intervals  between  reversals  will  be  10  to  15  seconds. 

Some  workers  prefer  to  use  gold  as  the  base  upon  which  to 
deposit  the  platinum  black,  while  others  have  gold-plated 
their  platinum  base.  Presumably  this  shortens  the  time  for 
the  electrode  to  reach  equilibrium  because  of  the  smaller 
absorption  of  hydrogen  by  gold  than  by  platinum. 

The  basis  for  choice  of  any  one  of  the  many  forms  of  hydro- 
gen electrode  described  in  the  literature  cannot  be  gone  into 
here.  In  general,  the  bubbling  type  (Hildebrand,  Bovie, 
Wendt)  is  satisfactory  for  a  great  variety  of  measurements.' 

Source  of  Hydrogen 

The  most  convenient  source  of  hydrogen  is  the  steel  drum 
containing  the  compressed  gas,  readily  obtainable  in  most 
cities.  Electrolytic  hydrogen  is  desirable.  The  drum  should 
have  a  reducing  valve  for  regulation  of  gas  pressure,  and  the 
gas  is  led  to  the  apparatus  preferably  through  copper  tubing 
or  undercured  gum  tubing,  to  reduce  loss  of  gas  by  diffusion. 
Electrolytic  generators  on  a  laboratory  scale  have  been  used 
■with  success,  employing  sodium  hydroxide  with  nickel  or 
iron  electrodes.  The  Kipp  generator  is  also  a  suitable 
source.  In  any  case,  the  gas  should  be  passed  through  wash 
bottles  containing  solutions  for  removal  of  such  impurities 
as  oxygen,  arsine  (from  impure  zinc  in  Kipp  generator), 
acids,  and  possible  traces  of  foreign  gases  which  might  pre- 
viously have  been  in  the  hydrogen  cylinder.  A  common 
practice  is  to  pass  the  gas  first  through  alkaline  permanganate, 
then  pyrogaOol,  and  finally  pure  water.  When  small  quan- 
tities of  solutions  are  being  titrated  or  tested,  e.  g.,  in  a  culture 
tube  or  other  small  vessel,  the  gas  itself  serves  admirably  as  an 
agitator.  In  larger  vessels,  a  mechanical  stirring  device  is 
necessary  for  intimate  mixing  during  a  titration. 

Test  of  Apparatus 

One  test  has  already  been  mentioned,  to  determine  the 
condition  of  the  hydrogen  electrode.  The  same  kind  of 
test  is  excellent  as  an  over-all  check  of  the  apparatus.  This 
consists  of  using  a  standardized  buffer  solution  of  any 
convenient  pH  value  in  place  of  the  test  solution,  and  meas- 
uring the  voltage.  If  this  is  only  several  (10  to  20)  milli- 
volts different  from  the  calculated  value  for  that  particular 
pH,  it  is  probable  that  the  difference  is  a  departure  in  the 
calomel  electrode  from  the  assigned  value  for  the  concentra- 
tion of  potassium  chloride  being  used,  and  to  other  sources 
of  minor  e.  m.  f.'s.  Adjustment  can  then  be  made  in  the 
calculations.  A  check  on  this  test  is  to  use  another  solution  of 
different  pH  and  to  note  whether  the  same  difference  in  milli- 
volts is  observed. 

It  is  to  be  noted  that  with  a  preliminary  test  of  this  sort 
it  is  unnecessary  to  devote  much  painstaking  work  to  making 
up  the  calomel  electrode.  The  only  requirement  is  that  its 
electrode  potential  be  unvarying,  and  this  condition  becomes 
established  within  several  days  after  preparation  of  the  cell. 

*  Other  practical  points  in  councctioa  witli  the  use  of  the  hydrogea 
-electrode  are  mentioned  in  Leach's  '"Food  Inspection  and  Analysis,"  4th 
edition,  1027. 


MEASUREMENT  OF  pH— When  it  is  desired  to  know  the  ac- 
tual H-ion  concentration  or  pH  of  a  given  solution,  a  direct 
measurement  of  voltage  of  the  gas  chain  is  sufficient,  from 
which  tlie  desired  value  is  calculated. 

Conversion  of  Measured  Voltage  into  pH 

This  is  accomplished  by  using  the  formula  previously  given : 
XT        V—v 

~  00501'    ^  ^*  *^®  observed  voltage,  and  v  the  calomel 

cell  potential  referred  to  the  hydrogen  electrode  at  pH  =  0; 
the  factor  0.0591  is  the  number  of  volts  corresponding  to 
one  pH  interval  at  25°  C.  There  is  a  small  temperature 
correction  which  in  routine  work  at  "room"  temperature  may 
be  disregarded.  The  otherwise  necessary  computations  are 
eliminated  by  the  use  of  tables.'  A  still  simpler  and  more 
convenient  way  is  to  use  a  specially  designed  sUde  rule  of 
straight  or  circular  pattern,  as  recently  described  by  the 
writer.'"  An  ordinary  slide  rule  is  also  a  great  convenience, 
although  in  this  case  a  mental  subtraction  (V—v)  must 
first  be  made. 

Electrometric  Titration 

This  appKcation  of  the  hydrogen  electrode  with  its  meas- 
uring and  indicating  instruments  is  one  of  the  oaost  impor- 
tant, from  the  chemist's  standpoint.  Titration  with  a  stand- 
ardized acid  or  basic  solution  to  some  particular  end-point 
(equivalent  point),  and  adjustment  of  a  medium  to  a  partic- 
ular pH  value  for  optimum  experimental  conditions,  are  il- 
lustrations. 

The  usual  titration  curves,  of  the  type  obtained  by  HUde- 
brand,"  are  obtained  by  plotting  voltage  or  pH  against  vol- 
ume of  solution  added.  Near  an  equivalent  point  there  is  a 
sudden  and  usually  large  change  in  voltage.  This  change, 
shown  by  a  sudden  large  galvanometer  deflection,  may  be 
taken  as  an  indication  of  the  equivalent  point,  or  where 
higher  accuracy  is  needed,  a  curve  may  be  plotted  and  the 
equivalent  volume  more  closely  estimated.  An  accuracy 
of  one  or  two  parts  per  thousand  is  easily  obtained.  TMien 
the  pH  of  an  equivalent  point  is  known,  or  when  it  is  desired 
to  adjust  a  solution  to  a  definite  pH  value,  the  voltage  may 
be  set  for  the  proper  value,  and  titration  continued  until  the 
galvanometer  shows  a  balance.  In  all  such  measurements 
a  light  tap  on  the  galvanometer  key  should  be  employed 
until  a  balance  has  been  nearly  obtained,  after  which  the  cir- 
cuit may  be  kept  closed.  This  precaution  avoids  upsetting 
equiUbrium  conditions  in  the  gas  chain. 

In  a  limited  time  it  is  impossible  to  do  justice  to  an  enumer- 
ation, even  with  the  briefest  descriptions,  of  the  many  suc- 
cessful applications  that  have  been  made  of  the  hydrogen 
electrode.  For  these  reference  must  be  made  to  the  literature. 
In  Clark's  excellent  book  "The  Determination  of  Hydrogen 
Ions"  there  is  given  a  bibliography,  classified  according  to 
applications,  which  gives  one  an  excellent  idea  of  what  has 
been  done  up  to  1920.  Since  that  time  other  apphcations 
have  been  made,  and  more  are  added  with  each  new  issue  of 
the  chemical  journals. 

One  application  has  been  suggested  by  several  chemists 
interested  in  teaching,  the  value  of  which  is  borne  out  in  the 
experience  of  those  who  have  made  electrometric  titrations 
with  the  hydrogen  electrode.  It  deserves  special  cmjihasis. 
There  is  probably  no  method  or  apparatus  that  can  be  put 
in  the  hands  of  a  student  which  is  so  illuminating  and  which 
so  readily  explains  the  meaning  of  such  terms  as  "acidity,'' 
"actual  reaction,"  "total  reaction,"  "alkaUnity,"  "hydroly- 

•  For  example.  Schmidt  and  Hoagland.  Unit.  Calif.  Pub.  Physiol..  8 
(1919),  23. 

■«  Snenre,  5«  (1921),  153. 

"  J.  Am.  Chem.Soc,  39  (.1013)  847. 
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sis,"  and  others,  as  a  simple  apparatus  for  measuring  hydro- 
gen electrode  potentials.  With  a  clear  understanding  of 
these  matters  he  has  a  "stock  in  trade"  which  will  save  him 


much  perplexity  and  which  will  aid  him  in  clear  insight  into- 
many  of  the  problems  which  he  must  tackle  when  he  begins 
the  practice  of  his  profession. 


The  Reactions  of  Phosgene  with  Benzene  and  m-^y\ene  in 
the  Presence  of  Aluminium  Chloride'' 

By  Robert  E.  Wilson'  and  Everett  W.  Fuller 
Research  Laboratory  of  Applied  Chemistry,  Massachusetts  Institute  of  Technology    Cambridge,  Massachusetts 


On  account  of  the  great  reduction  in  the  cost  of  producing  phos- 
gene, which  was  brought  about  by  war-time  developments,  this  Lab- 
oratory has  undertaken  a  study  of  possible  new  methods  of  utilizing 
this  reactive  compound  in  pertain  syntheses  which  now  appear  to  be 
within  the  range  of  commercial  possibility.  The  initial  aim  of  the 
work,  described  in  this  article  was  to  produce  anthraquinone  from 
phosgene  and  benzene  by  the  Friedel  and  Crafts  reaction: 

O 


CI  CO  CI  |, 
'  CI  CO  CI ' 


Aid., 


'\/^v^        2HC1 


+ 


2HC1 
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Although  anthraquinone  was  not  secured,  the  results  obtained  are  of 
interest,  as  they  represent  a  much  more  thorough  study  of  the  reactions 
between  phosgene  and  benzene  {and  its  homologs)  than  has  been 
published  previously. 

The  reaction  between  phosgene  and  benzene  in  the  presence  of 
anhydrous  AICI3  gives  benzoyl  chloride  and  benzophenone  but  no 
trace  of  anthraquinone. 

The  reaction  tal^es  place  in  two  stages,  with  the  intermediate  for- 
mation of  the  compound  CtHiCOCl .AlCl^  which  can  be  hydrolyzed 
lo  give  benzoic  acid.  This  reacts  very  rapidly  with  more  benzene, 
however,  and  the  final  product  is  almost  entirely  benzophenone 
irrespective  of  changes  in  temperature,  method  of  mixing,  ratio  of 
reading  substances,  etc. 

When  CS«  is  used  as  a  diluent  a  large  part  of  the  product  can  be 
obtained  as  benzoic  acid.  Evidence  is  presented  to  show  that  this 
is  due  to  the  slight  solubility  of  the  intermediate  benzoyl  chloride- 
AlClz  compound  in  CSt  which  is  thus  removed  before  it  has  oppor- 
tunity lo  react  with  more  benzene. 

m-Xylene  gives  with  phosgene  a  di-xylyl  ketone  with  at  least  two 
of  the  methyl  groups  ortho  to  the  carbonyl  group. 

Attempts  to  change  this  di-xylyl  ketone  to  a  derivative  of  anthra- 
quinone by  oxidation  were  not  successful. 

IN  one  of  their  early  papers,  Friedel  and  Crafts^  mention 
that  by  adding  anhydrous  aluminium  chloride  to  a  mix- 
ture of  benzene  and  phosgene,  they  secured  benzo- 
phenone and  a  small  amount  of  benzoic  acid.  No  trace  of 
anthraquinone  was  found.  Later  experimenters^  used  xylene 
in  place  of  benzene  and  obtained  the  corresponding  phenones 
and  acids,  but  no  evidence  of  a  quinone  Unkage  was  reported. 
No  further  work  on  the  reactions  of  phosgene  with  benzene, 

1  Presented  in  preliminary  form  before  the  Division  of  Organic  Chemis- 
try at  the  60th  Meeting  of  the  American  Chemical  Society,  Chicago.  III., 
September  6  to  10,  1920. 

"  Published  as  Contribution  No.  42  from  the  Research  Laboratory  of 
Applied  Chemistry,  M.  I.  T. 

'  Director,  Research  Laboratory  of  Applied  Chemistry,  M.  I.  T. 

'  Friedel,  Crafts  and  Ador,  Ber..  10  (1S77),  1854. 

•  Ador  and  Pelliet.  Ibid..  11  (1878),  399. 


toluene,  or  xylene  is  reported  in  the  literature  to  the  knowl- 
edge of  the  authors. 

Attempts  to  Make  Anthraquinone 

By  varying  the  experimental  conditions  the  attempt  was 
made  to  carry  the  reaction  beyond  the  stage  of  the  formation 
of  benzophenone  and  thus  secure  anthraquinone.  However, 
by  none  of  the  methods  tried  was  it  found  possible  to  cause 
more  than  one  phosgene  molecule  to  react  with  a  single 
benzene  molecule  even  when  a  large  excess  of  phosgene  was 
used.  For  additional  proof,  benzophenone  was  treated  with 
phosgene  and  aluminium  chloride  at  different  temperatures. 
There  was  no  evidence  of  any  reaction  taking  place  and 
the  benzophenone  was  recovered  unchanged.  Also,  benzoyl 
chloride  was  treated  with  an  equivalent  amount  of  aluminium 
chloride  in  the  hope  that  two  molecules  might  mutually  re- 
act with  each  other  and  thus  give  anthraquinone.  But 
no  reaction  was  noted  up  to  near  the  boiHng  point  of  the 
benzoyl  chloride,  when  charring  and  decomposition  of  the  lat- 
ter took  place.     No  definite  new  compound  could  be  isolated. 

These  results  are  in  accord  with  the  customary  observa- 
tion that  it  is  very  difficult  to  make  two  negative  groups  enter 
an  aromatic  ring  ortho  to  each  other.  They  also  agree  with 
the  results  of  V.  Meyer^  who  found  it  impossible  to  put  two 
acetyl  groups  on  benzene  by  the  Friedel  and  Crafts  reaction. 

By  reducing  the  benzophenone  to  diphenylmethane  it 
was,  however,  found  possible  to  make  it  react  with  more  phos- 
gene, but  the  resulting  product  was  tarry,  and  was  not  identi- 
fied. This  indicates  again  that  the  negativity  of  the  keto 
group  is  what  prevented  further  reaction  with  the  phosgene. 

Reactions  between  Phosgene  and  Benzene 

Although  there  seemed  to  be  little  likehhood  of  being  able 
to  prepare  anthraquinone  by  this  method,  a  study  was  made- 
of  the  principle  factors  influencing  the  reaction  between  phos- 
gene and  benzene  to  form  benzoyl  chloride  and  benzophenone. 

The  mechanism  of  the  action  of  aluminium  chloride  in 
the  Friedel  and  Crafts  reactions  has  been  studied  by  a  number 
of  investigators.'  For  reactions  of  the  above  type,  the 
chloride  appears  to  form  a  compound  with  one  or  both  of 
the  reacting  substances  and  thus  to  render  them  active. 
In  the  case  of  phosgene,  three  fairly  stable  molecular  com- 
pounds with  aluminium  chloride  are  claimed  to  have  been 
isolated,'  while  with  benzoyl  chloride  and  benzophenone 
molecular  compounds,  containing  mole  for  mole,  have  been 
found.  The  aluminium  chloride  thus  bound  up  renders  its 
own  molecule  active  but  is  not  available  for  activating  other 
molecules. 

•  Ber..  29  (1896).  1413. 

'  Boeseken,  .RfC.  (ror.  cAcm.   19  (1900).   19.   80   (1901),   102;    24   (1905), 
6;    Perrier,  Ber.,  3S  (1900),  815:    Krarberg,  J.  prakl.  chcm.,  61  (1900),  494. 
»  Band,  Compt.  rend.,  140  (1905).  1688. 
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TABI.B  I RBACTIONS  BiSTWUBN  BENZENS  AND  PhOSGENB 

(All  quantities  are  given  in  relative  moles) 
Benzoic  Acid 


No. 

Benzene 

Phosgene 

AlClj 

cs, 

Benzoic  Acid 

Benzophenone 

Benzophenone 

1 

4 

Excess 

0.01 

0.S9 

2 

4 

Excess 

0.01 

0.S7 

3 

4 

2 

0.01 

0.65 

4 

2 

0.01 

0.55 

S 

2.5 

0.01 

0.63 

fi 

2 

0.01 

0.70 

7 

2.5 

0.01 

0.75 

8 

2 

0.23 

0.01 

0.18 

9 

2 

0.35 

0.01 

0.27 

10 

0.01 

0.48 

0.021 

11 

0 

10 

0.05 

0.43 

0.116 

12 

0 

50 

0.10 

0.41 

0.244 

13 

1 

0.25 

0.33 

0.760 

14 

2 

0.36 

0.29 

1.24 

15 

2.5 

0.33 

0.23 

1.43 

IS 

4 

0.38 

0.25 

1.52 

17 

4 

0.59 

0.17 

3.47 

18 

1.5 

4 

0.01 

0.39 

19 

Exces.-i 

4 

0.01 

0.25 

20 

4 

0.03 

0.52 

21 

, , 

, , 

, , 

0.01 

0.24 

22 

, , 

, , 

, , 

0.01 

0.16 

23 

, , 

, , 

, , 

, , 

0.01 

O.OS 

24 

.. 

.. 

. 

No  action 

Method 


Phosgene  into  benzene  and  AICI3  at  4°  C. 

Phosgene  into  benzene  and  AlCls  at  SO"  C. 

Benzene  to  mixture  of  phosgene  and  AICI3 

AICI3  to  mixture  of  benzene  and  phosgene 

AICI3  to  mixture  of  benzene  and  phosgene 

Same  as  4  and  kept  under  1  atmos,   gage  pressure 

Same  as  4  and  kept  under  1  atmos.  gage  pressure 

AICI3  to  mixture  of  benzene  and  phosgene 

AICI3  to  mixture  of  benzene  and  phosgene 

AlCIa  to  mixture  of  benzene  and  phosgene 

AICI3  to  mixture  of  benzene  and  phosgene 

AICI3  to  mixture  of  benzene  and  phosgene 

AICI3  to  mixture  of  benzene  and  phosgene 

AlCls  to  mixture  of  benzene  and  phosgene 

AlCla  to  mixture  of  benzene  and  phosgene 

AICI3  to  mixture  of  benzene  and  phosgene 

Benzene  added  drop  by  drop  to  others — kept  cold 

AICI3  added  very  slowly  to  others 

Phosgene  added  very  slowly  to  others 

AlCla  to  mixture  of  benzene  and  phosgene 

Al  amalgam  in  benzene +  HC1  and  then  4-  phosgene 

Al+HgCli  in  benzene  +  phosgene 

Al  in  benzene  +  HCl  +  phosgene 

Anhydrous  FeCbCl  mole) 


Experimental  Study  of  Benzene-Phosgene  Reactions 

EXPERIMENTAL  METHOD — In  studying  the  effect  of  changing 
various  conditions,  the  general  method  of  procedure  was  as 
follows,  unless  otherwise  specified.  A  weighed  amount  of 
phosgene  was  absorbed  in  a  known  amount  of  benzene  cooled 
with  ice  and  salt.  The  aluminium  chloride  was  then  added 
slowly  and  the  flask  was  allowed  to  stand  in  the  ice  bath  for 
several  hours  untU  the  reaction  had  proceeded  to  a  consider- 
able extent  and  then  was  left  at  room  temperature  for  12  to 
15  hrs.  The  mixture  was  then  added  to  ice  water,  which  de- 
composed the  aluminium  chloride  compounds  with  the  sep- 
aration of  an  oil  consisting  of  benzophenone,  benzoyl  chloride, 
and  any  excess  benzene  that  might  be  present.  The  oU  was 
treated  with  caustic  soda  solution  to  hydrolyze  the  benzoyl 
chloride  and  remove  it  as  sodium  benzoate.  On  acidification 
of  the  extract  benzoic  acid  was  precipitated  and  recovered. 
In  the  following  work  the  benzoyl  chloride  is  reported  as 
benzoic  acid.  The  remainder  of  the  oil  was  dried  and  frac- 
tionally distilled  to  give  benzene  and  benzophenone. 

EFFECT  OF  DIFFERENT  VARIABLES — The  effect  of  various 
conditions  of  the  yields  and  on  the  course  of  the  reactions 
may  be  determined  from  a  study  of  the  data  given  in  Fig. 
1  and  in  Table  I.  In  considering  the  yields  relative  values 
should  be  given  greater  weight,  as  small  differences  in  actual 
yields  were  unavoidable  even  under  the  same  experimental 
conditions.    AU  yields  were  based  upon  the  purified  product. 

Time — Fig.  1  indicates  the  results  that  were  secured  by  re- 
moving 100-cc.  samples  at  various  times  from  a  mixture 
of  relative  moles  of  phosgene  and  aluminium  chloride  in  an 
excess  of  benzene  that  was  maintained  at  4°  C,  and  analyzing 
for  benzoyl  chloride  and  benzophenone.  The  formation  of 
excess  benzoyl  chloride,  over  that  reacting  with  more  ben- 
zene to  give  benzophenone,  starts  in  slowly,  gradually  in- 
creases, and  reaches  a  maximum  in  5  to  6  hrs.,  after  which  it 
falls  off  again.  Benzophenone  also  starts  in  very  slowly  but 
constantly  increases  to  a  maximum  at  somewhat  less  than 
24  hrs.  The  reaction  is  evidently  completed  within  24 
hrs.,  at  4°  C. 

A  two-stage  reaction  with  the  intermediate  formation  of 
benzoyl  chloride  is  clearly  indicated.  Thus  it  will  be  noted 
that  at  the  very  start  of  the  reaction  more  benzoyl  chloride 
than  benzophenone  is  found.  As  time  goes  on  the  reaction 
as  a  whole  accelerates,  as  measured  by  the  total  conversion 
of  benzene  to  one  of  the  two  forms;  but  the  quantity  of  inter- 
mediate product  increases  comparatively  slowly  while  the 
end-product  increases  rapidly.  The  maximum  rate  of  form- 
ing benzophenone  coincides  with  the  maximum  momentary 
concentration  of  benzoyl  chloride,  as  would  be  expected. 
Thereafter,  as  the  rate  of  forming  benzoyl  chloride  drops 


off,  as  a  result  of  exhaustion  of  the  phosgene,  the  small  excess 
which  had  been  buUt  up  quickly  disappears,  and  eventually 
benzophenone  is  substantially  the  only  product  obtained. 

It  is  not  possible  to  make  an  exact  comparison  because  of 
certain  uncertain  variables  having  to  do  with  the  formation  of 
the  aluminium  chloride  compounds,  but  it  would  appear 
from  these  data  that  the  specific  reaction  rate  between  ben- 
zoyl chloride  and  benzene  is  about  ten  times  as  great  as  that 
between  phosgene  and  benzene  under  conditions  similar  to 
those  prevailing  above.  It  is  accordingly  impossible,  under 
such  conditions,  to  carry  the  reaction  on  anywhere  nearly  to 
completion  without  having  the  end-product  present  in  much 
larger  amounts  than  the  intermediate  product  (eventually 
benzoic  acid). 

Since  the  latter  material  is  the  only  one  with  a  large  market 
at  the  present  time,  much  of  the  following  work  had  as  its  im- 
mediate aim  the  altering  of  the  conditions  of  the  reaction  so 
as  to  favor  the  formation  of  benzoic  acid  rather  than  benzo- 
phenone, either  by  speeding  up  the  first  reaction  or  slowing 
down  the  second.  The  yields  of  the  product  per  mole  of  the 
more  expensive  raw  materials  (aluminium  chloride  and  phos- 
gene) were  also  of  importance. 

Temperature — Expts.  1  and  2  in  Table  I  were  run  in  an 
identical  way  except  for  the  temperature  difference.  The 
yields  and  products  were  the  same. 


^  so 


Benzophenone   Formed 

1 

— 

1       !       i       1       i 

/ 

^ 

1       '        i       '       1 

^ 

1       ■       •              i       ' 

• 

1       1 

1  ' 

/ 

rii: 

,^ 

n 

"^- 

Qenzoi^l  Chtoricfe    Foffned      '        1 

Ttnne  m  Hours 
Fig.  1 

Method  of  Mixing^As  shown  in  Table  I,  Expts.  1,  2,  3, 
4,  etc.,  the  methods  of  mixing  the  constituents  were  varied 
in  all  possible  ways.  The  products  were  always  the  same, 
however,  and  the  yields  were  not  affected  where  the  same 
proportions  of  constituents  were  used. 

Pressure — The  result  of  using  pressure  is  indicated  in 
Expts.  0  and  7.  Pressure  probably  acts  simply  as  a  means  of 
hindering  escape  of  phosgene  and  thus  gives  a  somewhat 
higher  yield. 
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Proportion  of  Constitiients — The  molecular  proportions  of 
constituents  are  given  by  the  equations  for  the  reaction  and 
must  be  used  to  secure  anything  approaching  100  per  cent 
yields.  On  account  of  the  volatility  of  phosgene  an  excess 
of  it  or  of  benzene  helps  the  yields  per  mole  of  the  other  con- 
stituent by  maintaining  sufficient  gas  throughout  the  run  to 
give  the  theoretical  yields.  The  effect  of  increasing  amounts 
of  aluminium  chloride  is  shown  in  Expts.  8,  9,  and  4.  One 
mole  of  aluminium  chloride  is  evidently  united  with  and  re- 
moved from  its  active  state  by  each  mole  of  product  formed 
and  so  a  theoretical  amount  of  aluminium  chloride  must  be 
used.  As  stated  before,  these  molecular  compounds  of 
aluminium  chloride  have  been  isolated,  but  in  further  con- 
firmation of  their  formation  in  these  reactions  a  crystal  ob- 
tained in  one  of  the  experiments  was  analyzed  and  found  to 
correspond  to  the  formula  CeHsCOCeHs.AlCls. 

Substitutes  for  AlCh — Several  substitutes  for  aluminium 
chloride  were  tried,  as  is  indicated  in  Expts.  21,  22,  23,  and  24, 
but  none  of  these  proved  satisfactory.  Anhydrous  ferric  chlo- 
ride can  be  used  in  place  of  aluminium  chloride  in  many  of  the 
Friedel  and  Crafts  reactions,  but  with  phosgene  and  benzene 
it  appeared  to  be  inert. 


04 


0-3 


o  0.2 
01 


Moles    CS^ 
Fig.  2 

Use  of  CSi  as  a  Diluent — The  result  of  using  carbon  disulfide 
as  a  diluent  may  be  seen  by  comparing  the  experiments  in 
which  no  disulfide  was  used  with  those  in  which  varying 
amounts  were  used,  Expts.  10  to  16.  The  comparison  is 
brought  out  clearly  in  Fig.  2.  A  marked  increase  in  the 
amount  of  benzene  (proportion  of  benzene)  remaining  as 
benzoic  acid  (benzoyl  chloride)  is  shown  up  to  a  carbon  disul- 
fide concentration  of  2  moles  to  1  of  benzene,  while  beyond 
this  point  addition  of  carbon  disulfide  does  not  greatly  affect 
the  results.  A  corresponding  decrease  in  benzophenone  is 
found  to  the  same  concentration  of  carbon  disulfide. 

This  marked  increase  in  the  relative  amount  of  benzoic 
acid  to  benzophenone  with  increasing  carbon  disulfide  was 
further  investigated.  As  stated  before,  the  benzoyl  chloride 
that  is  formed  as  an  intermediate  product  in  the  preparation 
of  benzophenone  forms  a  definite  molecular  compound  with 
aluminium  chloride.  It  was  suggested  by  Prof.  J.  F.  Norris 
that  this  intermediate  molecular  compound  might  be  rendered 
less  soluble  in  the  reacting  medium  by  the  presence  of  CS2. 
It  would  thus  be  removed  from  the  sphere  of  activity  with 
a  resulting  increase  in  the  relative  amount  of  benzoic  acid 
obtained  in  hydrolysis. 

Solubility  data  obtained  in  this  Laboratory'  indicate  this 
explanation  to  be  correct.  The  benzoyl  chloride-aluminium 
chloride  compound  was  isolated  as  a  yellow  solid  and  its 
solubihty  determined  for  varying  mix-tures  of  carbon  di- 
sulfide and  benzene.    The  results  follow: 

•  D.  I.  Gross,  undergraduate  thesis.  M.  I.  T. 


Per  cent  CSj 

100 

75 

50 


Temperature  4°  C. 
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Furthermore  it  was  noticed  that  in  runs  where  carbon  di- 
sulfide was  used  and  the  yields  of  benzoic  acid  were  high  a 
hea\'y  dark  oil  separated  out  in  the  bottom  of  the  flask. 
Although  this  substance  was  a  liquid  where  a  sohd  would  be 
expected,  it  undoubtedly  contained  the  benzoyl  chloride- 
aluminium  chloride  compound  which  was  thus  separated  to 
some  extent  from  the  incoming  benzene.  The  composition 
of  the  dark  oil  was  not  constant,  but  an  analysis  of  that  ob- 
tained at  the  end  of  one  of  the  runs  gave  9  per  cent  of  ben- 
zoic acid,  53  per  cent  aluminium  chloride,  17  per  cent  of 
benzophenone,  and  21  per  cent  of  phosgene,  with  possibly  a 
little  benzene. 

Further  to  prove  this  point,  Expt.  17  was  made,  in  which 
benzene  was  dropped  very  slowly  into  a  cold  mixture  of 
carbon  disulfide,  phosgene,  and  aluminium  cUoride.  This 
gave  the  best  possible  conditions  for  precipitating  the  inter- 
mediate molecular  compound  out  of  solution  as  it  is  formed  and 
before  it  could  come  in  contact  with  more  benzene.  As  was 
expected,  the  jdeld  of  benzoic  acid  was  very  large  and  that  of 
benzophenone  was  low,  and  some  procedure  similar  to  this 
is  probably  the  best  way  to  obtain  a  high  yield  of  benzoic 
acid.  On  the  other  hand,  when  either  aluminium  chloride  or 
phosgene  was  added  very  slowly  to  a  mixture  of  the  other 
three,  it  gave  a  chance  for  each  new  mole  of  benzoyl  chloride 
to  react  with  more  benzene;  thus  the  principal  product  was 
benzophenone,  as  shown  in  Expts.  22  and  23. 

The  above  experiments  with  carbon  disulfide  were  all 
made  with  just  one  mole  of  benzene  for  each  mole  of  alu- 
minium chloride  and  phosgene  and  the  discussion  holds  only 
for  such  a  case.  If,  however,  more  than  a  mole  of  benzene  is 
used  per  mole  of  aluminium  cliloride,  the  product  wiU  eventu- 
ally be  all  benzophenone,  since  the  intermediate  compound 
win  slowly  redissolve  and  react  with  the  excess  benzene  if 
sufficient  time  is  allowed.  Expt.  20  indicates  this.  Where  no 
carbon  disulfide  is  used,  on  the  other  hand,  the  much  greater 
solubOity  of  the  benzoyl  chloride-aluminium  chloride  com- 
pound in  benzene  brings  about  complete  reaction  to  benzophe- 
none, regardless  of  the  ratio  between  benzene  and  aluminium 
chloride  used  (Expts.  1  to  10). 

COMMERCIAL  possibilities"' — While  the  foregoing  investi- 
gation has  not  been  directed  primarily  to  the  commercial 
aspects  of  the  process,  it  seems  worth  while  to  consider 
briefly  this  phase  of  the  problem. 

Although  the  hsted  price  of  benzophenone  is  quite  high, 
it  has  httle  use  except  for  scientific  purposes  and  the  demand  is 
not  large  enough  to  warrant  a  commercial  installation.  If 
its  availability  at  much  lower  prices  should  ever  develop  a 
demand  for  this  product,  the  above-described  method  is  cer- 
tainly admirably  adapted  for  commercial  production,  as  the 
yields  are  high  (85  to  90  per  cent),  the  product  clean,  and  the 
raw  material  cost  quite  low,  a  very  small  fraction  of  the  pres- 
ent quotations  for  pure  benzophenone. 

For  benzoic  acid,  on  the  other  hand,  there  is  a  very  ready 
market,  and  material  such  as  that  prepared  by  the  above 
reaction,  which  is  entirely  free  from  chlorine  in  the  ring  (as 
distinguished  from  the  product  made  by  chlorinating  toluene, 
which  gives  trouble  in  this  respect),  has  a  large  and  active 
market.  It  is  for  this  reason  that  the  effort  was  made  in  the 
foregoing  study  to  increase  the  yield  of  benzoic  acid  as  com- 
pared with  benzophenone,  and  this  was  found  possible  by 
slowly   adding  benzene  to  the  other  components  dissolved 

"  The  recommended  process  has  been  covered  by  U.  S.  Patent  Appli- 
cation. 
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in  carbon  disulfide.  The  cost  of  this  process  on  a  commercial 
scale  depends  partly  on  the  losses  of  carbon  disulfide  and  on 
whether  the  process  can  be  made  continuous  by  drawing  off 
the  lower  layer  of  oil  and  adding  the  other  constituents  to 
the  carbon  disulfide.  The  small  amount  of  benzophenone 
found  as  a  by-product  could  be  readily  converted  to  benzoic 
acid  by  fusing  it  with  caustic  soda  (recovering  the  benzene 
evolved),  dissolving  in  water,  and  acidifying  with  sulfuric 
acid.     This  process  gives  90  per  cent  yields  without  difficulty. 

Another  possible  process  would  be  to  carry  the  reaction 
through  to  benzophenone  without  the  use  of  any  carbon  disul- 
fide, and  then  to  form  benzoic  acid  by  the  above-mentioned  fu- 
sion process  applied  to  the  entire  jiroduct.  The  high  chem- 
ical cost  of  this  process  would  be  largely  or  entirely  counter- 
balanced by  the  more  rapid  reaction  rate  and  the  absence  of 
the  fireVisk  and  losses  attendant  upon  the  use  of  large  amounts 
of  carbon  disulfide. 

Rough  estimates  of  the  total  costs  of  these  two  processes 
indicate  that  it  should  be  possible  to  produce  chlorine-free 
benzoic  acid  for  about  the  present  quotations  (60  cents  per 
lb.)  for  the  present  U.  S.  P.  material,  not  allowing  for  sales 
cost  or  profits.  If  there  should  be  enough  demand  for 
benzophenone  to  consume  the  small  amount  produced  as  a 
by-product  in  the  carbon-disulfide  process,  or  if  the  price  of 
chlorine-free  benzoic  acid  should  be  stabilized  around  80 
cents  per  lb.,  the  process  would  appear  to  have  distinct  com- 
mercial possibilities. 

Reaction  between  Phosgene  and  Meta-Xtlene 

A  brief  study  was  made  of  the  product  formed  by  the  re- 
action of  phosgene  and  xylene  in  the  presence  of  aluminium 
chloride.  Phenyl-o-tolyl  ketone  is  known  to  give  anthraqui- 
none  on  heating  with  lead  oxide  or  with  manganese  dioxide 
and  sulfuric  acid.^'  It  has  also  been  shown  that  phosgene 
and  xylene  react  to  give  a  ketone  with  at  least  two  of  the 
methyl  groups  ortho  to  the  carbonyl  group. '^  The  attempt, 
therefore,  was  made  to  bridge  across  these  ortho  methyl 
groups  of  di-m-xylyl  ketone  by  oxidation  and  thus  to  secure 
a  substituted  anthraquinone.  , 

preparation  of  Di-?n-XYLYL  KETONE — TO-Xylene  was  pre- 
pared by  the  boiUng  of  a  commercial  xylene  (b.  p.  138°  - 142  °) 
with  dilute  nitric  acid  (1:3)  for  several  days  to  oxidize 
the  0-  and  /^-xylenes,  and  then  washing  with  caustic  soda 
solutions,  steam  distilUng,  and  carefully  fractionating  with  a 
column  containing  glass  beads.  A  xylene  was  thus  secured 
boiling  at  139.0°  to  139.4°,  where  m-xylene  boils  at  139.2°. 
This  xylene  was  treated  with  phosgene  and  aluminium  chloride 
and  the  resulting  product  was  worked  up  in  the  usual  way. 
The  dixylyl  ketone  was  secured  in  the  form  of  an  oil  boiling  at 
345°  to  348°.  The  reaction  was  similar  to  that  for  the  forma- 
tion of  benzophenone,  except  that  when  carbon  disulfide  was 
used  as  a  diluent  the  m-x-ylene  gave  only  a  very  small  amount 
of  an  acid  derivative  even  when  the  reaction  was  carried  out 
under  the  conditions  that  had  proved  most  favorable  for 
the  formation  of  benzoic  acid.  The  acid  formed  in  the  case 
of  m-xylene  was  entirely 


H3C 


— COOH 
-CH3 


melting  at  126°. 

CONSTITUTION  OF  Di-?n-xYLYL  KETONE — Sincc  it  Was  nec- 
essary  to  have  one  or  more  of  the  methyl  groups  in  the  dixylyl 
ketone  ortho  to  the  carbonyl  group  in  order  to  be  able  to 
oxidize  the  ketone  to  an  anthraquinone  derivative,  the  posi- 

"  Behr  and  van  Dorp,  Ber.,  6  (1873),  754;  7  (1874),  16. 
"  Ador  and  Meier,  Ibid..  12  (1879),  1908;    Klbs,  J.  prakl.  chan.,  (2) 
38  (1887),  481. 


tions  of  these  methyl  groups  were  first  checked  up."  The 
ketone  was  fused  with  caustic  soda  and  the  acids  secured 
from  the  resulting  sodium  salts  were  determined.    The  major 


portion  consisted  of  the 


^— COOH 
HaC-k,    J-CH3 


acid  melting  at 


126°  and  which  gave  an  amide  melting  at  179°.    About  10 
CHs 

„      ,        I  -COOH       ., 
per  cent  was  the  |        |_ptt         acid  melting   at   97°  to 

99°.    Each  of  these  acids  indicates  a  carbonyl  group  in  the 
ketone  with  at  least  two  methyl  groups  ortho  to  it. 

OXIDATION  OF  Di-yre-XYLYL  KETONES — Attempts  to  oxidize 
the  di.xylyl  ketone  were  made  at  various  temperatures.  Lead 
oxide,  manganese  dioxide  and  sulfuric  acid,  potassium  dichro- 
mate  in  acid  and  alkaline  solutions,  potassium  permanganate 
in  acid  and  alkahne  solutions,  and  fusion  with  sodium  peroxide 
had  no  effect  upon  the  ketone.  Potassium  dichromate  in 
concentrated  sulfuric  acid  and  chromic  oxide  in  acetic  acid 
decomposed  the  ketone  while  nitric  acid  in  sulfuric  acid  formed 
nitro  derivatives.  Refluxing  with  1 : 1  nitric  acid  gave  a 
semisolid  mass  from  which  a  calcium  salt  of  an  acid  was  sepa- 
rated. This  yielded  9.4  per  cent  CaO  on  ignition,  which 
corresponds  to  one  mole  of  calcium  to  two  moles  of  dixjdyl 
ketone  acid  (9.7  per  cent  CaO).  The  oxidation,  therefore, 
resulted  merely  in  attacking  one  of  the  methyl  groups  in  each 
molecule.    No   further  attempts  at  oxidation  were  made.''' 
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13  Ador  and  Meier  and  Elbs  in  their  work  on  dixylyl  ketones  did  not 
definitely  determine  the  positions  of  the  methyl  groups  in  the  ketone,  but 
appear  to  have  assumed  the  structure  from  the  reactions  of  the  ketone  and 
from  the  fact  that  they  recovered  some  l-carboxyl-2,4-dimethylbenzoic  acid, 
during  the  preparation  of  their  dixylyl  ketone. 

'*  Elbs  {Loc.  cit.)  shows  that  the  xylyl  ketone  on  long  heating  loses  a 
molecule  of  water  and  goes  to  trimethylanthracene,  which  on  oxidation 
gives  a  trimethylanthraquinone. 
CHj 
I 


HjC 


— HiO 


-CHj 


CHa 


HsC- 


-CHj 


M.  p.  222° 
To  confirm  these  results  some  of  the  ketone  obtained  in  the  above  work  was 
gently  refluxed  for  several  days  and  then  distilled.  A  pasty  solid  was 
obtained  which  on  purifying  by  sublimation  and  recrystallizing  from  acetone 
gave  a  solid  melting  at  222"  C.  The  yield  was  somewhat  improved  by 
adding  zinc  dust  to  the  ketone  before  heating,  but  at  best  was  only  a  little 
over  20  per  cent.  By  means  of  chromic  acid  in  acetic  acid  the  trimetliyl- 
anthracene  was  changed  to  the  corresponding  trimethylanthraquinone 
melting  at  190°.     These  figures  confirm  results  of  Klbs. 


American  Oil  Chemists'  Society 

The  1.3th  Annual  Meeting  of  the  American  Oil  Chemist.s' 
Society  will  be  held  at  the  Grunew.ald  Hotel,  New  Orleans, 
I,a.,  May  8  and  9,  19-2.  An  unusually  interesting  program  is 
being  arranged  and  a  large  attendance  is  expected. 

Notwithstanding  business  conditions,  the  American  Oil 
Chemists'  Society  has  made  notable  progress  this  year  not  only 
in  its  membership  but  in  its  extended  activities. 
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Effect  of  Paraffin  Wax  on  Viscosity  of  Petroleum  Oils' 

By  E.  W.  Dean'  and  M.  B.  Cooke' 
Bdrsad  op  Mikes,  Petroleum  Division,  Chemical  Section,  Pittsburgh,  Pennsylvania 


Experiments  have  been  performed  to  determine  the  effect  upon 
viscosity  of  changing  the  paraffin  wax  content  of  several  petroleum 
oils.  It  was  found  that,  as  a  general  rule,  the  viscosity  of  any 
mixture  is  intermediate  between  the  viscosity  of  the  paraffin  and 
that  of  the  wax-free  oil.  That  this  rule  is  approximate  rather 
than  absolute  is  proved  by  the  fact  that  mixtures  of  paraffin  and  an 
oil  of  practically  equal  viscosity  were  slightly  less  viscous  than 
either  of  the  constituents. 

Paraffin  wax,  when  dissolved  in  oil,  behaves  lil^e  an  oil  of  low 
viscosity  at  temperatures  considerably  below   its  melting  point. 

Commercial  paraffin  wax  is  a  complex  mixture  which  can  be 
easily   resolved   into  fractions  of  differing   physical  properties. 

A  need  for  information  on  the  relation  between  paraflSn 
wax  content  and  -viscosity  of  petroleum  oils  was  re- 
cently encountered.  The  lack  of  published  figures 
and  unsatisfactory  character  of  the  information  supplied 
to  the  Bureau  by  individuals  associated  with  the  petroleum 
refining  industry  led  to  the  belief  that  this  subject  had 
probably  never  been  given  the  detailed  study  which  it  merits 
and  therefore  experiments,  the  results  of  which  are  recounted 
herein,  were  undertaken. 

Acknowledgment  is  made  of  the  assistance  rendered  in 
experimental  determinations  by  L.  E.  Jackson,  formerly 
petroleum  chemist,  and  F.  W.  Lane,  organic  chemist,  of  the 
Pittsburgh  petroleum  laboratory  of  the  Bureau.  A  prelimi- 
nary report*  covered  the  results  of  Mr.  Jackson's  work. 

Scope  of  Investigation 

The  work  involved  measurements  of  the  viscosities  of 
several  commercial  petroleum  oUs  before  and  after  adding 
predetermiaed  percentages  of  commercial  paraffin,  and 
similar  tests  upon  two  distillates  specially  prepared  in  the 
laboratory  from  crude  oO,  before  and  after  removing  succes- 
sive portions  of  crystalline  wax.  The  commercial  oils  used 
were  water- white  kerosene,  transformer  oil,  spindle  oil, 
medium  automobile  oil,  and  Liberty  aero  oil.  All  the  oils 
and  the  wax  used  were,  according  to  the  best  available 
information,  derived  from  Pennsylvania  crude  petroleum. 
The  laboratory  distillates  were  also  derived  from  Pennsyl- 
vania crude  oil  and  were  very  similar  in  general  character 
to  crude  "wax  distillates"  as  prepared  in  oil  refineries.  The 
paraffin  wax  was  a  well-known  brand,  sold  largely  for  house- 
hold use. 

Changes  in  wax  content  varied  from  a  fraction  of  1  per 
cent  up  to  10  per  cent.  For  experiments  involving  the  re- 
moval of  wax  from  the  laboratory  distillates  the  percentages 
were  necessarily  odd  figures.  For  the  other  tests,  the  quan- 
tities of  paraffin  added  were  1,  5,  and  10  per  cent,  respectively. 

Viscosity  determinations  were  made  on  each  original 
oil  and  on  each  oU-paraffin  mixture.  Measurements  were 
made  on  each  sample  at  several  temperatures  ranging  be- 
tween 100°  and  210°  F.  Results  are  reported  in  terms 
of  kinematic  \'iscosity  for  the  entire  series  of  tests,  Saybolt 
Universal  figures  also  being  given  for  all  products  except 
the  kerosene.    The  specific  gravities  of  most  of  the  mix- 

'  Received  January  11,  1922. 

*  Published  by  permission  of  the  Director,  U.  S.  Bureau  of  Mines. 

'  Petroleum  Chemist,  Pittsburgh  Experiment  Station,  Bureau  of  Mines. 

*  Assistant  Petroleum  Chemist,  Pittsburgh  Experiment  Station.  Bureau 
of  Mines. 

'  E.  W.  Dean  and  L.  E.  Jackson.  "The  Effect  of  Crystalline  Paraffin 
Wax  upon  the  Viscosity  of  Lubricating  Oil,  "Bur-  Mines,  Repts.  of  Inresli- 
nations  2249,  May  1921. 


tures  are  also  reported,  which  makes  it  possible  to  calculate 
absolute  viscosities  if  such  figures  are  desired. 

To  obtain  supplementary  information,  the  several  prod- 
ucts studied  were  subjected  to  conventional  physical  tests. 
Experiments  were  also  performed  to  demonstrate  that 
commercial  paraffin  wax  is  a  mix-ture  of  constituents  which 
vary  appreciably  in  physical  properties. 

Experimental 

description  of  products  studied — The  two  laboratory 
distillates  were  prepared  by  distilling  a  5-gal.  charge  of 
Pennsylvania  crude  petroleum  in  an  electrically  heated 
iron  still  equipped  with  a  coil  for  supplying  "open''  steam. 
The  primary  fractions  obtained  by  means  of  this  "steam" 
distillation  were  redistilled  in  a  vacuum  of  40  mm.,  and 
final  products  obtained  that  came  over  between  temperature 
Hmits  of  250°  to  275°  C.  (482°  to  527°  F.),  and  275°  to 
300°  C.  (527°  to  572°  F.). 

Table    I — Physical    Properties    of    Products   Used  in    Experiments 
Specific  Flash    Fire        Saybolt  Universal 

Gravity  Point' Pointi  ^ Viscosity     at . 

Nature  OF  Product   at60°F.   °  36.    °F.     °F.    100°  F.  130°'F.  210°  F. 

Water- white  kerosene      0.795     46.1      ....        

Laboratory  distillate"      0.835     53.8       43.4     34.3 

Laboratory  distillate'      0.847      69.2       50.8     36.3 

Transformer  oil  0.852  34.3  340  395  72.7  51.7  36.5 
Spindle  oil  0.883  28.6  415  480  212.7  111.0  46.8 
Medium  auto  oil  0.883  28.6  420  470  283.0  141,0  52.0 
Liberty  aero  oil  0.888  27.7  475  530  874. 0  383.0  89.1 
Paraffin  wax'  52.0     37.0 

*  Cleveland  open  cup. 

>  Distillation  limits  at  40  mm.  vacuum,  250°  to  275°  C.  (482°  to  527° F.). 
»  Distillation  limits  at  40  mm.  vacuum,  275°to  300°  C.  (527°  to  572° F.). 

*  Melting  point  of  paraffin  wax,  126.0°  F.;    specific  gravity  at  130® 
F.,  0.7S30. 

The  commercial  products  were  obtained  from  refining 
companies  operating  and  marketing  in  the  Pittsburgh  dis- 
trict. The  physical  properties  of  both  the  laboratory  and 
commercial  products  are  indicated  by  figures  in  Table  I. 

operating  det.uls — The  method  of  separating  wax 
from  the  laboratory  distillates  was  an  adaptation  of  the 
commercial  process  of  "filter  pressing"  wax  distillate.  The 
actual  procedure  involved  forcing  the  cooled  oil  through 
a  speciafiy  designed  pressure  filter,  the  separating  medium 
being  ordinary  filter  paper.  The  quantities  separated 
were  determined  by  weighing  the  wax  scraped  from  the 
filter  paper  after  the  liquid  oil  had  been  driven  through. 
The  resultant  figures  are,  of  course,  only  appro.ximate,  but 
the  accuracy  is  suflScient  for  present  purposes. 

Additions  of  wax  to  the  commercial  oils  were  made  on 
the  basis  of  percentage  by  weight  of  paraffin  in  the  mi.xture. 
Viscosity  determinations  were  made  either  with  the  Saybolt 
Universal  viscosimeter  or  with  Ostwald  viscosimeters. 
The  latter  instruments  were  calibrated  so  that  results  could 
be  expressed  in  terms  of  either  kinematic  viscosity  or  Say- 
bolt viscosity.  The  kinematic  viscosity  equivalents  of  the 
figures  obtained  by  direct  use  of  the  Saybolt  viscosimeter 
were  calculated  by  means  of  the  famiUar  Bureau  of  Stand- 
ards equation. «  Results  for  aU  oils  except  the  kerosene 
are  reported  in  terms  of  both  systems  of  viscosity  units. 

Discussion  of  Results 

Results  of  the  principal  series  of  viscosity  tests  are  shown 
in  Table  IL 

It  will  be  observed  that  the  viscosity  of  the  original  oil 
has  a  marked  influence  on  the  effect  of  changes  in  wax  con- 

1.80 

*  Kinematic  viscosity  =  0 .  00220  X  Saybolt  viscosity 

Saybolt  viscosity 
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Table  II — Changes  in  Viscosity  Caused  by  Varvino  Paraffin  Wax  Content  of  Several  Petroleum  Oils 


PercentaRe  Change 
Parallin  Content 

Specific 
Gravity  at 

Saybolt  U 

niversal 

Viscosity 

Kinematic  Viscosity 

Description  of  Oil 

of  Oil 

100°  F. 

100°  F. 

130°  F. 

210°F. 

100°  F. 

130°  F. 

210°  F. 

Water-white  kerosene 

0 

0.7800 

0.01930 

0.01415 

0 . 00842 

+ 

1 

0.7805 

0.01864 

0.01446 

O.00S.'i7 

+ 

5 

0.7810 

0.01994 

0.01532 

0 . 00902 

+ 

10 

0.7812 

0.02166 

0.01655 

0 . 0095S 

250°  to  275°  C.  laboratory  distillate' 

0 

.... 

53. 8 

43.4 

ails 

0.0849 

0.0539 

0.0230 

— 

.5 

(51.4) 

43.5 

34.3 

(0.0781) 

0.0543 

0.0230 

—  1 

1.9 

54.5 

43.7 

34.4 

0.0870 

0.0548 

0.0234 

-2.5 

54.7 

43.8 

34.3 

0.0874 

0.0551 

0.0230 

-3.3 

.... 

54.9 

43.9 

34.2 

0.0880 

0.0555 

0.0228 

273°  to  300°  C.  laboratory  distillate' 

0 

69.2 

50.8 

36.3 

0.1262 

0.0763 

0.0303 

-1.5 

(64.5) 

50.7 

36.1 

(0.1139) 

0.0760 

0.0295 

-3  0 

69.1 

50.7 

35.9 

0.1260 

0.0760 

0.0290 

-5.9 

68.7 

50.3 

35.9 

0.1250 

0.0749 

0.0290 

-9.0 

71.4 

51.0 

36.3 

0.1320 

0.0769 

0.0303 

Transformer  oil 

0 

o'.sioo 

69.3 

51.7 

36.5 

0.1264 

0.0789 

0.0310 

+ 

1 

0.8391 

68.3 

51.6 

35.9 

0.1239 

0.0783 

0.0288 

+ 

5 

0.8374 

67.3 

51.2 

35.1 

0.1213 

0.0775 

0.0260 

+ 

10 

0.8353 

67.5 

50.8 

34.5 

0.1218 

0.0760 

0.0237 

Spindle  oil 

0 

0.8691 

213 

111 

46.8 

0.4602 

0.2280 

0.0642 

+ 

1 

0.8683 

206 

109 

45.0 

0.4445 

0.2233 

0.0590 

+ 

5 

0,8656 

188 

100 

43.3 

0.4040 

0.2020 

0.0537 

+ 

10 

0.8606 

168 

91.5 

43.0 

0.3589 

0.1816 

0.0527 

Medium  automobile  oil 

0 

0.8703 

283 

141 

52.0 

0.6162 

0.2974 

0.0798 

+ 

1 

0.8675 

257 

137 

50.9 

0.5584 

0.2883 

0.0766 

+ 

5 

0.8581 

246 

128 

50.4 

0.5339 

0.2675 

0.0752 

+ 

10 

0.8615 

215 

115 

48.2 

0.4646 

0.2374 

0.0687 

Liberty  aero  oil 

0 

0.8744 

874 

384 

89.1 

1.923 

0.8448 

0.1758 

+ 

1 

0.8723 

826 

359 

87.8 

1.817 

0.7898 

0.1727 

+ 

5 

0.8698 

688 

319 

78.3 

1.514 

0.6962 

0.1492 

+ 

10 

0.8650 

561 

272 

72.5 

1.234 

0.591S 

0.1341 

'  Some  viscosity  measurements  for 

the  two  labo 

ratory  distillates  were 

made  at  temperatures  s 

lightly  different  from  those  listed.     The  figu 

res  given 

are  interpolated  to  permit  tabulation  on  an  equivalent  basis 


tent.  Atidition  of  wa.x  to  the  kerosene  increased  its  vis- 
cosity. The  change  in  the  case  of  the  two  laboratory  dis- 
tillates is  practically  neghgible.  For  the  other  four  oils 
'  there  is  a  decrease  in  viscosity,  as  a  result  of  adding  paraffin, 
the  decrease  varying  with  the  viscosity  of  the  original  oil. 
For  example,  the  maximum  decrease  for  the  transformer 
■oil  is  of  the  order  of  5  per  cent  and  for  the  Liberty  aero  oil 
is  of  the  order  of  35  per  cent. 

The  obvious  conclusion  is  that  this  investigation  is  simply 
one  phase  of  the  famihar  general  problem  of  the  viscosity 
of  mixtures.  The  effect  of  the  paraffin  wax  seems  to  be 
practically  identical  with  what  might  have  been  expected 
if,  instead  of  the  wax,  a  liquid  oil  of  equal  viscosity  had  been 
used.  Actual  measurements  (see  Table  I)  showed  that  at 
temperatures  above  its  melting  point,  the  viscosity  of  the 
paraffin  was  approximately  the  same  as  that  of  the  trans- 
former oil.  When  mixed  with  the  more  fluid  kerosene 
it  caused  an  increase  in  viscosity,  and  when  mixed  with  the 
more  viscous  oils  there  was  a  decrease. 

The  transformer  oil  and  the  two  laboratory  distillates 
might  seem  to  be  exceptions  to  the  simple  qualitative  rule 
that  holds  for  the  other  products.  The  wax  and  transformer 
oil  are  practically  equal  in  viscosity,  and  the  mixtures  are 
less  viscous  than  either  of  the  constituents.  This  occurrence, 
though  interesting,  is  not  at  all  surprising,  as  the  viscosities 
of  oil  blends  are  usually  less  than  the  values  calculated  by 
the  most  satisfactory  rule  for  additivity.' 

There  is  a  more  definite  explanation  for  the  results  ob- 
tained with  the  two  laboratory  distillates.  Neither  of  these 
products  showed  appreciable  changes  in  viscosity  when 
various  percentages  of  paraffin  were  removed.  These 
two  oils  were  considerably  different  in  viscosity,  and  as 
a  logical  inference  it  was  to  be  expected  that  the  properties 
of  the  paraffin  removed  from  one  distillate  would  not  be 
identical  with  those  of  the  paraffin  removed  from  the  other. 
The  separated  paraffin,  unfortunately,  was  not  retained, 
and  this  probability  could  not  be  investigated  by  direct 
experimentation. 

It  was  shown,  however,  that  the  wax  used  in  the  other 
tests  could  be  resolved  without  difficulty  into  fractions 
of  differing  physical  properties.  To  determine  this  experi- 
mentally a  15-g.  sample  of  paraffin  was  dissolved  in  7.5 
g.  of  pure  benzene  by  warming  to  a  temperature  of  apiiroxi- 

'  W.    H.    Herschel,    ".Saybolt    Viscosity   of    Ulcnds,"    Hur.   Slattdnrds, 
Technologic  Paper  164   (1920). 


mately  60°  C.  The  solution  was  then  cooled  to  30°  C, 
and  the  resulting  crystals  of  wax  were  removed  by  filtration. 
The  benzene  was  then  removed  from  both  "precipitate" 
and  "filtrate"  by  evaporating  for  3  hrs.  on  a  steam  bath. 
The  yield  of  paraffin  from  the  precipitate  was  approximately 
7  g.,  while  that  from  the  filtrate  was  8  g.  The  properties 
of  the  original  paraffin  and  of  the  two  fractions  are  indicated 
by  the  figures  in  Table  III. 

Table  III — Showing  That  Commercial  Paraffin  Wax  Is  a  Mixture 
OF  Constituents  Having  Varying  Physical  Properties 


Melting  Point 

Saybolt  Universal 

Naturb  of  Material 

°F. 

Viscosity  at  150°  F. 

Commercial  paraffin 

126 

44 

Fraction  separating  at  30°  C. 

from  a  solution  of  2  parts 

by  weight  of  paraffin  in  1 

part  by  weight  of  benzene 

132 

46 

Fraction   remaining    in   solu- 

tion   at    30°    C.    when    2 

parts  of  paraffin  were  dis- 

solved in  1  part  of  benzene 

119 

42.5 

It  will  be  noted  that  even  so  simple  a  method  of  separation 
as  this  shows  that  commercial  paraflin  wax  is  a  mixture  of 
constituents  of  differing  physical  properties.  Such  being 
the  case,  it  is  entirely  justifiable  to  assume  that  the  paraffin 
separated  from  the  laboratory  fraction  distilhng  between 
the  limits  of  250°  to  275°  C.  is  less  ^iscous  than  that  sepa- 
rated from  the  275°  to  300°  C.  fraction. 

It  has  been  impossible  to  formulate  a  quantitative  rule 
for  the  effect  of  varying  the  paraffin  wax  content  of  oil  from 
the  figures  in  Table  II.  In  a  majority  of  cases  the  decreases 
or  increases  in  viscosity  are  of  such  size  as  to  be  somewhat 
influenced  by  normal  experimental  errors  in  the  determina- 
tions; furthermore,  there  is  no  satisfactory  general  rule 
for  calculating  the  viscosity  of  blends.  The  method  out- 
fined  by  HerscheF  is  adimttedly  only  an  approximation, 
and  is  particularly  unsatisfactory  for  mixtures  in  which  the 
relatiye  percentages  of  constituents  are  so  different. 

One  of  the  most  interesting  facts  brought  out  by  these 
experiments  is  that,  when  dissolved  in  oil,  paraffin  wax  seems 
to  behave  like  an  oil  of  low  viscosity  at  temperatures  ap- 
preciably below  its  melting  point.  Its  effect  upon  vis- 
cosity at  100°  F.,  which  is  26°  F.  below  its  molting  point, 
is  similar  to  its  effect  at  130°  and  210°  F.  The  temjicratures 
at  which  the  oil-wax  mixtures  would  begin  to  deviate  from 
the  general — though  perhaps  indeterminate — rules  covering 
the  viscosity  of  blencls  were  not  determined,  but  it  seems 
safe  to  assume  that  they  are  related  to  the  so-called  cloud 
points,  or  points  at  whidi  solid  paraffin  begins  to  separate. 
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Notes  on  the  Chemistry  of  Lime  Liquors  Used  in  the 

Tannery' 


By  W.  R.  Atkin 

Leather  Department.  University  of  Leeds,  Leeds,  England 


The  following  paper  describes  an  extension  of  the  theories  of 
Procter  and  Wilson  and  of  Loeb  to  the  alkaline  swelling  of  hide 
in  lime  liquors.  The  real  reason  why  such  "sharpening"  agents 
as  sodium  sulfide  and  sodium  carbonate  produce  greater  swelling 
is  that  the  osmotic  pressure  of  sodium  collagenate  is  greater  than 
that  of  calcium  collagenate  at  the  same  hydrogen-ion  concentra- 
tion. The  smooth  grain  of  sl^ins  unhaired  by  arsenic  sulfide 
is  due  to  the  fad  that  only  calcium  collagenate  is  produced.  A 
rapid  method  for  the  analytical  control  of  lime  liquors  by  swelling 
experiments  on  hide  powder  is  described.  Alkaline  swelling  is 
shown  to  be  exactly  analogous  to  acid  swelling,  which  has  been 
much  more  extensively  investigated,  and  certain  tanning  processes 
are  shown  to  ad  in  a  parallel  way  to  acid  pickling. 

THE  process  of  liming  consists  of  soaking  softened 
hides  or  skins  in  alkaline  liquors,  generally  con- 
taining lime,  for  the  purpose  of  rendering  the  hair 
loose  so  that  it  may  be  scraped  off  by  means  of  an  unhairing 
knife  or  machine.  The  unhairing  action  is  generally  sup- 
posed to  be  due  to  solution  of  the  rete  malpigki  by  the  action 
of  alkalies,  sulfides  and  enzymes  secreted  by  bacteria  which 
are  able  to  function  even  in  such  strongly  alkaline  liquors. 
Simultaneously  -svith  this  action  there  occurs  a  swelling  or 
plumping  of  the  fibers  which  has  a  pronounced  effect  upon 
the  nature  of  the  final  leather.  The  object  of  this  paper 
is  to  present  an  explanation  of  the  different  swelling  effects 
produced  by  varying  the  procedure  of  liming. 

Stiasny^  differentiates  between  plumping  and  sweUing, 
but  as  the  degree  of  plumping  is  not  an  easily  measurable 
quantity,  our  work  was  confined  to  meaairements  of  swelling. 
Plumping  will  be  studied  later. 

In  practice  Ume  Mquors  are  generally  "sharpened"  to 
increase  the  rate  of  unhairing  bj'  the  addition  of  such  sub- 
stances as  sodium  sulfide,  arsenic  sulfide,  and  sodium  car- 
bonate. The  sodium  salts  increase  the  alkalinity  of  the 
liquors  through  the  formation  of  sodium  hydroxide  and  there 
is  an  increased  plumping  of  the  sldns.  Stiasny  has  shown 
that  the  conditions  favcfrable  to  rapid  unhairing  are  obtained 
when  the  proportion  of  sodium  hydroxide  to  sulfhydrate 
is  unity.  Sodium  sulfhydrate  exerts  a  strong  solvent  action 
on  the  keratinous  matter.  "RTien  red  arsenic  sulfide  is  used, 
it  is  slaked  with  the  lime  and  the  resulting  solution  is  found 
to  unhair  quickly,  but  without  increased  plumping  or  swelling 
of  the  skins.  Stiasny  has  shown  that  the  unhairing  action 
is  due  to  the  formation  of  calcium  sulfhydrate  and  that  the 
arsenic  plaj's  no  important  part,  merely  being  converted 
into  calcium  sulfarsenite.  Chrome  tanners  use  this  mixture 
because  it  causes  goat  skins  for  glac6  kid  to  have  a  smoother 
and  silkier  grain  when  finished. 

Theoeetical  Considerations 

In  order  to  obtain  a  good  working  knowledge  of  the  theory 
of  the  swelling  of  hides  and  skins  in  alkaline  solutions,  it 
is  necessary  to  understand  the  work  of  Procter,^  Procter 

1  Presented  before  the  Division  of  Leather  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  10,  1921. 

'  Cerbn.  1906;    J.  Soc.  Leather  Trades'  Chem.,  3  (1919),  129. 

>  KoUoidchem.  Beihefle,  2  (1911),  243;  J.  Am.  Leather  Chem.  Assoc, 
6  (1911),  270;    J.  Chem.  Soc.,  106  (1914),  313. 


and  WUson,'  and  Loeb,^  who  have  studied  the  action  of 
acids,  alkalies,  and  salts  upon  gelatin.  The  sweUing  of 
gelatin  in  acids  or  alkalies  is  due  to  the  formation  of  an 
ionizing  salt,  such  as  gelatin  cliloride,  and  as  the  gelatin  ion 
is  nondiffusible,  the  acid-treated  gelatin  may  be  likened 
to  an  osmometer — the  outer  solution  passing  into  the  jelly 
until  equilibrium  is  attained.  Gelatin  is  an  amphoteric 
substance;  its  isoelectric  point  is  at  pH  =  4.7,  corresponding 
to  a  hydrogen-ion  concentration  of  10"*-'  N.  At  any  higher 
pH  the  gelatin  is  an  equilibrium  mixture  of  isoelectric  gelatin 
and  metal  gelatinate,  whereas  at  any  pH  lower  than  4.7 
there  is  a  mixture  of  isoelectric  gelatin  and  gelatin-acid  salt. 

Since  collagen  is  very  closely  related  to  gelatin  it  would 
be  expected  to  behave  like  gelatin,  just  as  do  other  proteins- 
such  as  egg  albumin  and  casein.  This  has  been  found  to 
be  the  case,  and  experiments  at  Leeds  have  shown  the  iso- 
electric point  of  collagen  (or  hide  powder,  which  is  the  nearest 
approach  to  pure  collagen  we  have)  to  be  at  a  pH  of  about 
4.8,  which  is  almost  identical  with  that  of  gelatin. 

Loeb  has  shown  that  such  properties  as  swelling,  osmotic 
pressure,  and  viscosity  depend  on  the  hydrogen-ion  concen- 
tration in  the  swollen  protein.  As  the  outer  solution  of  acid 
or  alkaU  is  in  equilibrium  with  the  protein,  these  properties 
therefore  depend  also  on  the  hydrogen-ion  concentration  of 
the  outer  solution,  provided  we  are  dealing  with  solutions 
of  acids  or  alkalies  alone.  The  addition  of  salts  introduces 
further  complications.  The  WTiter^  has  shown  by  calcu- 
lations based  on  the  theory  of  protein  sweUing  put  forward 
by  Procter  and  Wilson  that  the  results  of  these  workers 
agree  remarkably  well  with  the  results  of  Loeb  and  of  Miss 
D.  .Jordan-IJoyd,'  although  the  methods  of  experiment 
differed  greatly  in  character.  The  results  obtained  by  the 
above  workers  show  that  at  pH  =  2.4  for  the  outer  solution 
of  acid  in  equilibrium  with  gelatin  (corresponding  to  pH 
=  3.0  in  the  jelly)  a  maximum  swelling  is  attained  with 
such  acids  as  hydrochloric,  nitric,  phosphoric,  tartaric, 
citric,  acetic,  and  formic — this  maximum  being  practically 
the  same  for  all  the  different  acids.  Sulfuric  acid  also  shows 
a  maximum  at  the  same  pH  value,  but  in  this  case  the  swell- 
ing is  only  about  half  that  in  the  case  of  the  other  acids  men- 
tioned. Loeb  explains  this  fact  as  follows:  Hydrochloric, 
nitric,  and  phosphoric  acids,  etc.,  behave  as  monobasic  acids 
forming  salts  of  the  type  Gel-Cl,  Gel-NOa,  but  sulfuric  acid 
acts  as  a  dibasic  acid,  forming  (Gel)2S04.  If  we  have 
equivalent  quantities  of  the  cUoride  and  the  sulfate  at  the 
same  pH,  the  swelling  is  proportional  to  the  osmotic  pressure 
and  that  of  the  gelatin  ion  is  negligible;  hence  the  osmotic 
pressures  are  proportional  to  Cl~  and  '/2SO4  .  It  is  clear 
that  the  cliloride  swells  more  than  the  sulfate,  roughly  in 
the  ratio  of  2:1. 

Similarly,  sodium,  potassium  or  ammonium  gelatinate 
would  swell  more  at  corresponding  pH  values  than  would 
the  salts  of  calcium  or  barium. 

Experiments  on  Hide  Powder 

In  order  to  test  whether  such  reasoning  could  be  applied 
to   collagen  the  following  experiments   were   carried   out: 

'J.  Chem.  Soc.,  109  (1916),  307. 

•  J.  Gen.  Physiol..  1918-1920. 

•  J.  Soc.  Leather  Trades'  Chem.,  4  (1920).  248,  268. 
'  Biochem     J..    14    (1920),    147. 
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Half-gram  lots  of  Standard  hide  powder  were  weighed  out 
into  100-ce.  graduated  flasks,  which  were  then  filled  up  to 
the  mark  with  different  concentrations  of  solutions  of  sodium, 
barium'  or  calcium  hj'droxide  which  had  been  prepared  with 
COs-free  distilled  water.  The  flasks  were  corked  and  left 
for  24  hrs.  in  an  incubator  at  25°.  The  corks  were  then 
replaced  by  pieces  of  rubber  tubing  closed  by  a  spring  clip 
in  the  middle.    The  other  end  of  a  rubber  tube  was  connected 


skins.  Doubtless,  the  repression  would  be  greater  with 
more  concentrated  salt  solutions,  but  it  is  distinctly  per- 
ceptible with  0.1   AT  NaCl. 
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to  a  buret  sealed  at  the  bottom  and  containing  sufficient 
mercury  to  come  up  as  far  as  the  scale  divisions.  After 
the  inverted  flask  was  connected  to  the  buret,  the  spring 
clip  was  sUpped  oif  and  the  swollen  hide  powder  was  allowed 
to  settle  down  into  the  buret.  The  flask  was  shaken  occa- 
sionally in  order  to  collect  all  the  hide  powder  in  the  buret 
and  after  3  hrs.  the  volume  of  powder  was  read  off  from  the 
buret.  The  equilibrium  alkaline  solution  was  filtered  and 
an  aliquot  portion  titrated.  By  means  of  tables  the  pH 
values  were  calculated,  allowing  for  the  different  degrees  of 
dissociation  of  the  different  alkalies.  The  volume  of  the 
swollen  hide  powder  corresponded  to  the  swelling. 

Similar  experiments  were  carried  out  with  sodium  hydrox- 
ide and  calcium  hydroxide,  in  solutions  which  were  also 
made  0.05  M  in  BaClz  and  0.1  AT  in  NaCl. 

The  results  of  the  experiments  are  given  in  Tables  I  and 
II. 


Table  I 

Normality  of  Equilibriura 

Equivalent  to  pH 

Swelling  of  Hide 

Solution 

Value  of 

Powder,  Cc. 

Ba(OH)!   0.0405 

12.55 

8.5 

Ba(OH)2   0.016 
Ba(OH)j   0.007 

12.11 

7.9 

11.81 

9.7 

Ba(OH)2    0.0025 

11.88 

9.7 

Ca(OH)3   0.006 

11.75 

9.4 

NaOH        0.113 

12.99 

9.6 

NaOH        0.055 

12.70 

12.8 

NaOH        0.022 

12.31 

12.6 

NaOH        0.014 

12.12 

12.3 

NH.OH     0.865 

11.60 

11.1 

NH4OH     0.0935 

11.11 

9.8 

Distilled  water 

6.4 

5.85 

The  addition  of  salt  to  the  alkali-svvollcn  collagen  effects 
a  repression  of  swelling  exactly  as  in  the  case  of  pickling, 
when  salt  produces  a  remarkable  falling  effect  on  acid-swollen 

•  Barium  hydroxide  has  been  used  on  account  of  its  greater  solubility, 
but  a  reference  to  Table  I  will  show  that  calcium  hydroxide  gives  practi- 
cally identical  results.  Any  conclusions  arrived  at  for  barium  hydroxide 
or  barium  chloride  will  apply  to  calcium  hydroxide  or  calcium  chloride. 


Table  II 

Final  pH                  Swelling  Cc. 

Final  pH                Swelling  Cc 

Ba(OH)2plus  BaCli  (0.12V) 
12.55                            6.9 
12.13                            7.5 
11.84                            8.4 
11.46                            8.7 

Ba(OH)!  plus  NaCl  (0.1  JV) 
12.56                           10.1 
11.81                           11.0 
11.46                           10.8 

NaOHplusNaCl(O.lAr) 
12.68                         10.8 
12.27                           11.6 
11.98                          12.3 

NaOH  plus  BaClj  (0.1  AT) 
12.65                            8.1 
12.29                            8.8 
11.83                          10.2 

The  results  recorded  in  Table  II  are  easily  explained  by 
the  Procter-Wilson  theory  and  show  that  alkaline  swelling 
is  governed  by  the  same  laws  as  acid  swelling. 

The  results  obtained  upon  adding  sodium  chloride  to  the 
barium  hydroxide  solutions  and  barium  chloride  to  the 
sodium  hydroxide  are  also  given  in  Table  II.  Although 
neutral  salt  has  a  tendency  to  repress  swelling,  we  find  here 
that  the  mi.xture  of  sodium  chloride  with  barium  hydroxide 
produces  more  swelling  than  does  barium  hydroxide  alone 
and  also  that  barium  chloride  produces  a  bigger  depression 
than  an  equivalent  amount  of  sodium  chloride,  if  added 
to  collagen  swollen  with  caustic  soda.  These  results  con- 
firm for  collagen  the  conclusions  arrived  at  by  Loeb  for  the 
action  of  alkalies  on  gelatin.  In  the  experiments  mentioned 
above  we  are  really  dealing  with  a  reversible  reaction  of  the 
type 

Ba**   (Coll).-   -I-   2Na-'   CI"  ^5=^  2  Na""  Coll"  +  Ba**  Clj- 

the  relative  proportions  of  the  four  constituents  being  gov- 
erned by  the  law  of  mass  action. 

The  addition  of  sodium  chloride  to  barium  collagenate 
tends  to  form  sodium  collagenate  which  has  a  bigger  swelling 
capacity.  WTiere  barium  chloride  is  added  to  collagen 
swoUen  with  sodium  hydroxide  (sodium  collagenate)  the 
barium  collagenate  formed  has  a  lower  swelling  power  and 
the  swelling  is  further  depressed  by  the  neutral  salt  present. 

Application  of  Theory  to  Tanning  Practice 

This  extension  of  the  Procter-Wilson-Loeb  theory  to  the 
alkahne  swelling  of  hides  provides  explanations  for  several 
phenomena  that  have  been  described  by  various  workers 
and  also  for  some  practical  and  empirical  methods  used  by 
tanners. 

ARSENIC  sulfide — Probably  the  most  important  of 
these  is  the  use  of  arsenic  sulfide  already  mentioned. 
Despite  the  high  cost  of  this  substance  it  is  preferred  by 
chrome  tanners  for  liming  skins  for  glac6  kid  because  of  the 
smooth  grain  obtained.  It  is  obvious  that  if  a  skin  is  ex- 
cessively swollen  during  the  preliminary  stages  of  leather 
manufacture  the  grain  will  tend  to  become  rough  and  coarse. 
Stiasny  has  shown  that  the  use  of  arsenic  sulfide  is  dependent 
on  the  production  of  calcium  hydrosulfide,  together  with 
calcium  sulfarsenite.  The  consequence  is  that  only  a  cal- 
cium collagenate  swelling  takes  place,  and  this  is  repressed 
to  some  extent  by  the  soluble  calcium  sulfarsenite  produced. 

SODIUM  sulfide — If,  however,  the  cheaper  sodium  sulfide 
were  used  sodium  hydroxide  and  hydrosulfide  would  be 
produced  and  the  swelling  would  then  be  partly  due  to 
sodium  collagenate  and  therefore  greater.  This  effect  would 
be  further  increased  by  the  addition  of  more  hydroxide  ions 
arising  from  the  hydrolysis  of  the  sodium  sulfide  and  con- 
sequent prcciiiitation  of  some  calcium  hydroxide  to  keep  the 
solubility  product  of  the  latter  constant.  Thus  the  addition 
of  sodium  sulfide  to  lime  gives  rise  to  a  distinct  increase  of 
swelling  compared  with  lime  alone  and  still  greater  than  that 
produced  by  lime  and  arsenic  sulfide.  This  increase  of 
swelling  would  explain  the  coarser  grain  obtained  by  the  use 
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of  sodium  sulfide.  Procter's  suggestion  that  the  adchtion 
of  calcium  chloride  would  permit  the  use  of  sodium  sulfide 
for  unhairing  skins  even  for  this  delicate  work  is  thus  seen 
to  have  a  sound  theoretical  basis.  Guisiana  has  suggested 
a  similar  procedure.  It  will  be  noticed  by  reference  to  Table 
I  that  an  increase  of  alkalinity  from  0.05  N  (which  is  approxi- 
mately the  strength  of  saturated  lime  water)  to  0 . 1  A^  (or 
a  rise  of  pH  from  12.70  to  13.0)  does  not  produce  any  in- 
crease in  swelling  but  rather  the  reverse.  In  practice, 
however,  if  a  lime  liquor  be  strengthened  with  sodium  sul- 
fide or  sodium  carbonate,  the  hides  or  skins  wiU  be  found 
to  be  much  more  plumped  or  swollen.  This  increased 
swelling  was  formerly  thought  to  be  due  to  the  increased 
alkaHnity,  but  it  would  seem  more  in  accordance  ■nith  the 
true  facts  of  the  case  to  ascribe  it  to  the  increased  swelling  due 
to  sodium  coUagenate.  Here,  again,  some  calcium  hydro.xide 
would  be  forced  out  of  solution  by  the  increased  alkalinity. 
The  present  -nTiter  and  his  collaborators'  have  proposed 
two  methods  for  the  determination  of  the  caustic  alkalinity 
of  hme  Uquors,  but  in  ^dew  of  these  results  the  simplest 
control  of  lime-yard  Uquors  would  be  to  carry  out  sweDing 
experiments  on  hide  powder  exactly  as  described  in  this 
paper.  The  swellings  could  be  plotted  against  pH  values 
and  in  this  way  successive  liquors  could  be  checked  and  a 
graphical  record  preserved. 

WASHING  OP  HIDES — It  has  been  the  custom  of  many  sole 
leather  tanners  to  wash  out  practically  all  the  salt  in  the  hides 
before  they  are  Umed.  Reference  to  Table  II  will  show 
that  the  presence  of  sodium  chloride  causes  more  sweUing 
of  barium  collagenate  than  when  barium  hydroxide  alone  is 
used.  The  same  effect  vnH  be  sho\Mi  with  calcium  collage- 
nate. The  sole  leather  tanner  can  use  as  a  sharpening  agent 
to  promote  sweUing  and  plumping,  the  salt  that  is  already 
present  in  the  hides  and  need  not  wash  it  out  before  liming. 
This  method  of  working  has  been  used  with  success  in  a  large 
sole  leather  yard  in  England. 

The  reason  why  such  care  has  been  taken  by  tanners  to 
remove  salt  from  the  hide  appears  to  be  the  fear  that  salt 
may  be  carried  forward  to  the  tan  pits  and  produce  a  flat 
empty  leather.  The  employment  of  the  three-pit  system  of 
liming  and  subsequent  deliming  would  remove  practicaUy 
all  the  salt  before  the  hides  .went  forward  to  the  tan  liquors. 

AMMONIUM  HYDROXIDE — An  interesting  confirmation  of 
the  results  given  in  this  paper  was  described  by  Stiasny. 
Calf  skin  with  the  hair  on  was  soaked  in  200  cc.  of  Uquor 
consisting  of  0.5  N  ammonium  hydroxide  to  which  equiva- 
lent quantities  of  various  chlorides  had  been  added:  0.84 
g.  NaCl,  0.8  g.  CaCl=,  or  1.76  g.  BaCU  (Table  III). 

Table  III — Weight  Absorption'  (Per  cent)  with  Various  Chlorides 

NHiOH      NHiOH       NH«OH 
NH.OH       +  NaCl      +  CaCIi     +  BaCIj 
After  1  day  58.6  37.4  15. S  14.1 

After2day3  65.5  45.8  14.9  19.8 

The  pickling  effect  of  the  salts  was  apparent  in  each  case 
but  the  repression  of  sweUing  was  much  greater  with  barium 
and  calcium  chlorides.  In  the  case  of  ammonia  and  ammonia 
plus  sodium  chloride  the  hair  was  quite  loose  after  4  days, 
but  not  in  the  cases  where  calcium  or  barium  chloride  was 
used.  Stiasny  suggested  that  the  explanation  might  be  due 
to  the  formation  of  complex  ammonia  compounds  of  the  type 
Ca(NH3)8Cl2,  but  it  has  been  shown  by  J.  Atkin  and  the 
writer'  that  the  hydro.xyl-ion  concentration  of  ammonia 
solutions  is  not  altered  by  the  addition  of  sodium  chloride 
or  calcium  chloride.  The  explanation  of  the  differences 
in  sweUing  is  of  course  exactly  the  same  as  for  the  results 
given  in  Table  II,  but  the  differences  in  unhairing  capacity 
seem  to  require  further  investigation. 

•J.  Soc.  Leather  Trades'  Chem.,  4  (1920),  111,  236,  248,  268, 
•  Ibid..  4  (1920),  236. 


Effect  of  Concentration  of  Salts 

The  influence  of  salt  solutions  of  various  concentrations 
on  gelatin  has  been  investigated  by  H.  R.  Procter,  who  found 
that  increasing  concentrations  of  salt  caused  an  increased 
sweUing;  tliis,  however,  attained  a  maximum  and  afterwards 
feU  on  increasing  the  concentration  of  the  salt  solution. 

Commercial  gelatin  appears  to  be  almost  always  on  the 
alkahne  side  of  the  isoelectric  point  and  reaUy  contains  some 
calcium  coUagenate,  as  the  ash  always  contains  calcium. 
By  treatment  with  sodium  chloride  the  foUowing  equUibrium 
is  set  up: 

Ca(Coll)2  +  2NaCl  :f=i  2NaCoU  +  CaCIj, 

the  sodium  coUagenate  causing  an  increase  of  sweUing. 
Higher  concentrations  of  salt  then  cause  a  depression  of 
sweUing. 

Meunier'"  found  that  potassium  carbonate  solutions  of 
high  concentration  completely  dehydrate  pelt  and  yield  a 
leather  which  is  wet  back  into  pelt  on  treatment  with  water. 
The  action  may  be  explained  on  simUar  grounds  to  the  above : 
the  production  of  potassium  collagenate  and  the  pickling 
effect  of  the  excess  potassium  carbonate.  Meunier,  however, 
showed  that  a  permanent  leather  could  be  obtained  by  using 
potassium  carbonate  together  with  formaldehyHe  in  0.3 
per  cent  solution. 

McLaughlin"  has  pubUshed  two  papers  dealing  wth  the 
sweUing  of  pelt  in  acids,  one  using  limed  pelt  and  the  other 
with  fresh  pelt.  The  results  are  vitiated,  however,  by  the 
facts  that  in  the  first  paper  no  allowance  was  made  for  the 
lime  in  the  pelt  and  the  consequent  buffer  action  of  the 
calcium  salts  dissolved  out  by  the  acids  and  also  that  the 
concentrations  of  the  acids  are  given  only  in  terms  of  nor- 
mality by  titration  and  the  normaUty  so  stated  is  that  before 
equiUbrium  has  been  set  up.  It  is  weU  known  that  hide, 
Uke  gelatin,  takes  up  a  certain  amount  of  acid  and  therefore 
the  concentration  of  the  residual  acid  after  equilibrium 
should  be  determined.  Further,  Loeb's  work  has  shown  that 
comparisons  of  sweUing  are  only  vaUd  if  made  at  the  same 
hydrogen-ipn  concentration,  but  McLaughUn  makes  no 
determinations  of  this;  furthermore,  it  is  not  possible  to 
calculate  it  from  the  dissociation  constants  of  the  acids  for 
the  reasons  given  above.  It  is  very  much  to  be  regretted 
that  so  much  painstaking  work  has  been  to  a  large  extent 
nulUfied  by  these  omissions. 

m  Collegium.  1912,    11,  54,  420. 

"  J.  Am.  Leather  Chem.  .Assoc,  15  (1920),  228;    16  (1921),  295. 


The  International  Chemical  Conference 

The  general  program  of  the  Third  International  Chemical 
Conference,  to  be  held  at  Lyons,  France,  Jmie  27  to  July  2, 
inclusive,  includes  meetings  of  the  Council,  reports  of  committees 
and  visits  to  factories  in  the  vicinity.  On  July  2,  the  delegates 
will  go  down  the  Rhone  by  boat  to  the  neighborhood  of  Mar- 
seilles, where  they  will  have  an  opportunity  to  attend  the  second 
congress  of  industrial  chemistry,  which  has  been  arranged  by 
the  Societe  de  Chimie  Industrielle. 

This  congress  will  be  held  July  2  to  7.  Among  the  general 
questions  which  will  be  considered  are  the  animal,  vegetable, 
and  mineral  resources  of  the  French  colonies.  In  addition  to 
this,  fats,  soaps,  etc.,  will  be  discussed. 


Professor  Moody  Succeeds  Professor  Baskerville 

On  March  27,  Prof.  Herbert  R.  Moody,  for  seventeen  years 
connected  with  the  Department  of  Chemistry  of  the  College 
of  the  City  of  New  York  as  Professor  of  Industrial  Chemistry 
and  Chemical  Engineering,  was  unanimously  appointed  to  the 
Directorship  of  the  Department  to  fill  the  vacancy  caused  by 
the   death   of   Prof.    Charles   Baskerville 
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Lye  Hominy:  Its  Discoloration  and  a  New  Process 

for  Its  Manufacture' 

By  Edward  F.  Kohman 
Rbssarch  Laboratory,  National  Cannbrs'  Association,  Washington,  D.  C. 


The  discoloration  of  canned  lye  hominy  is  apparently  the  result 
of  alkalinity,  due  to  incomplete  washing  of  the  hominy.  When 
alkali  is  added  to  the  water  used  in  canning,  typical  blackening  oc- 
curs in  a  short  lime.  Acid,  however,  cannot  be  added  to  counteract 
the  blackening,  because  it  causes  starch  to  settle  out,  and  produces 
too  hard  and  solid  grains. 

Repeated  washing  produces  no  appreciable  effect  on  alkalinity 
after  the  first  washing.  The  length  of  lime  of  lying  does  affect 
the  alkalinity  of  the  product,  the  pH  value  varying  from  about  6.50 
for  a   lO-min.  lying  period  to  about  9.00  for  a  50-min.    period. 

Other  factors  affecting  the  alkalinity  are  size  and  shape  of  grain. 
In  general,  a  thin,  flat,  small  grain  will  yield  a  more  alkaline 
hominy  than  a  large,  thick  grain.  Treatment  of  the  corn  with  hot  or 
cold  water  before  lying  slightly  decreases  the  alkalinity  of  the  product, 
but  drying  of  the  corn  in  vacuo  has  no  noticeable  effect.  The  age  of 
the  corn  has  a  marked  effect  on  its  behavior  in  hominy  making.  The 
hulls  are  more  easily  removed  from  old  corn,  and  it  consequently 
acquires  a  greater  degree  of  alkalinity.  On  the  other  hand,  the  lips 
are  /ess  easily  removed. 

To  prevent  the  formation  of  black  discoloration,  the  pH  value  of 
lye  hominy  should  be  reduced  as  low  as  possible  by  ample  washing 
with  boiling  water  or  even  at  higher  temperatures  under  pressure. 
In  the  following  paper  there  is  described  a  scrubbing  or  abrasion 
process  to  be  applied  directly  after  lying,  by  means  of  which  the 
outer  layer  of  the  grain  may  be  removed.  This  treatment  materially 
lowers  the  alkalinity;  aids  in  removing  the  lips  and  bran  layer,  thus 
making  possible  a  shorter  lying  process  with  a  consequent  lowering  of 
pH  and  removes  the  outer  layer,  which  was  colored  by  the  lying 
process,  giving  a  hominy  of  pleasing  white  appearance.  All  other 
attempts  to  lower  the  pH  value  resulted  in  a  less  complete  removal 
of  tips  and  bran  layer. 

IN  the  study  of  discoloration  that  occurs  in  canned  corn, 
a  tendency  was  observed  for  the  corn  showing  the 
greatest  discoloration  to  have  a  lower  acidity,  as  de- 
termined by  titration.  It  was  thought,  therefore,  that  the 
black  discoloration  of  hominy  might  be  due  to  some  of  the 
lye  not  being  washed  out.  The  resulting  alkalinity  would 
render  the  sulfur-bearing  proteins  less  stable  and  favor  the 
formation  of  hydrogen  sulfide,  and  would  also  favor  the  pre- 
cipitation of  the  low  concentration  of  ferrous  sulfide  wliich  is 
the  black  discoloring  agent. 

Accordingly,  in  March  1920,  a  pack  of  hominy  was  put  up 
under  commercial  conditions  with  water  containing,  respec- 
tively, 10,  15,  and  20  cc.  0.1  A^  sodium  hydroxide  per  100  cc, 
and  also  10,  15,  and  20  cc.  0.1  iV  hydrochloric  acid  per  100  cc, 
respectively.  Within  a  few  days  a  few  grains  against  the 
junction  of  the  body  and  end  of  the  can  containing  even  the 
smallest  amount  of  alkali  showed  the  black  discoloration 
but  the  control  remained  normal.  This  gradually  became 
more  pronounced  so  that  within  a  year  the  liquor  became 
dark  and  a  number  of  grains  were  black  almost  throughout. 
The  pH  value  of  the  control  hominy  was  7.12;  that  of  the 
hominy  containing  10  cc.  0.1  A''  alkali  per  100  cc.  liquor  was 
8.06. 

As  the  control  did  not  dcveloj)  any  l)la(;k  even  after  more 
than  a  year,  the  effect  of  the  addition  of  acid  in  preventing  it, 
if  any,  could  not  be  demonstrated.  But  another  very  marked 
effect  of  the  acid  should  be  noted.    The  starch  seemed  to 
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settle  to  the  bottom  and  formed  a  solid  cake  during  process- 
ing which  extended  nearly  haU  way  up  in  the  can.  More- 
over, the  loose  grains  above  it  were  of  a  rather  firm  and  solid 
texture  as  compared  with  normal  hominy.  This  phenomenon 
was  observed  in  simOar  experiments  carried  out  later,  thus 
demonstrating  the  impossibility  of  using  acid  to  counteract 
black  formation. 

In  December  1920,  a  second  pack  was  put  up  in  another 
plant,  in  which  1,  2,  and  4  cc.  0.5  N  sodium  hydroxide, 
respectively,  were  added  per  100  cc.  of  water  used  for  canning. 
Typical  black  began  to  form  within  a  short  time  and  grad- 
ually increased,  while  the  controls  were  still  free  from  black. 
For  comparison  with  data  given  below,  it  should  be  stated 
that  the  pH  of  those  packs  were  as  given  in  Table  I.  All 
values  for  H-ion  concentration  recorded  in  this  paper  were 
determined  on  the  hominy  liquor  by  the  electrolytic  method. 

Table  I — Effect  op  Alkali  on  Black  Formation 

Cc.  0.  5  Af  NaOH  added  per  100  cc.  H2O 0  1  2  4 

pH  value 7.0     7.39     7.76     8.58 

Black  formation —        -|-  +  -f- 

Effect  op  Washing  on  pH  Value 

To  duplicate  commercial  conditions  a  pack  was  put  up 
at  the  same  time  in  which  the  amount  of  washing  that  the 
hominy  received  was  varied.  After  lying,  the  hominy  was 
run  once  through  a  Sprague  brushing  machine  and  then 
through  a  squirrel  cage  while  cold  water  was  being  sprayed 
on  to  it.  Then  it  was  given  nine  IS-min.  washings  in  the 
usual  hominy  tubs.  In  one  experiment  the  washing  was  done 
with  cold  water.  In  the  other,  the  water  was  brought  to 
boUing  each  time.  This  required  about  half  of  the  15  min., 
so  that  in  each  washing  the  corn  was  treated  for  only  about 
8  min.  with  actually  boihng  water.  Samples  taken  after 
each  washing  were  canned.  Contrary  to  expectations,  the 
successive  washings  produced  no  appreciable  effect  on  the 
alkalinity  even  from  the  first  washing.  The  pH  is  given  in 
Table  II. 

Table  II — Effect  of  Washing  on  pH  Value 

Sample  No.  123456789 

Cold  washed       7.12     7.08     6.96     6.94     6.96     6.88     7.02     6.88     6.93 
Hot  washed         7.01     6.94     6.84     6.87     6.91     6.84     6.94     7.04     6.78 

Two  similar  experiments  with  the  same  corn  at  the  same 
plant  gave  the  results  closely  duplicating  the  above. 

So  low  a  pH  in  commercial  hominy  is  unusual.  A  sample 
of  hominy  from  the  same  plant  but  of  a  previous  year  had  a 
pH  of  7.88.  Only  one  other  brand  has  come  to  the  writer's 
attention  in  which  the  pH  was  below  7.0,  whereas  the  aver- 
age pH  for  commercial  hominy  is  7.5  or  above.  This  was 
new-crop  corn  and  the  moisture  content  was  still  so  high  that 
the  shelled  corn  did  not  "flow"  smoothly  but  tended  to 
"bank."  It  was  thought  that  in  this  condition  the  hulls 
might  bo  removed  by  a  materially  less  severe  lying  process, 
with  a  consequently  lower  pH.  The  effect  of  the  age  of  the- 
corn  will  be  discussed  below. 

To  get  a  clearer  insight  into  the  effect  of  the  washing  pro- 
cess in  making  lye  hominy,  tlie  following  laboratory  experi- 
ment was  made.  A  2100-g.  sample  of  corn  was  lycd  by  boil- 
ing for  25  min.  in  7  1.  of  lye  solution  containing  52.5  g.  of 
sodium  hydroxide.     This  is  the  equivalent  of  1  lb.  85  per 
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cent  lye  per  bu.  The  hominy  was  dumped  on  a  sieve  and  the 
lye  solution  rinsed  off  with  a  stream  of  cold  water.  Next 
160-g.  samples  were  weighed  into  14  No.  2  cans.  Half 
■were  filled  with  boOing  distilled  water  and  half  with  boiling 
tap  water  and  aU  boiled  in  a  calcium  chloride  bath.  After 
15  min.  6  cans  of  each  lot  were  drained  and  again  refilled 
with  boiling  distilled  and  tap  water,  respectively.  After  the 
next  15-min.  period  only  5  of  each  lot  were  so  drained  and 
refilled,  etc.,  until  there  was  only  one  can  of  each  lot  for  the 
sixth  draining.  In  this  way  all  cans  were  cooked  the  same 
length  of  time  but  varied  in  the  amount  of  washing  they  re- 
ceived. All  were  closed,  cooked  for  1.5  hrs.  at  212°  F., 
and  finaUy  for  70  min.  at  240°  F.  (116°  C).  Table  III 
gives  the  results  obtained  upon  examination  of  the  cans  the 
next  day. 


Table  III 

0.1  N  Acid  Required 

to  Neutralize  Ash 

Wt.  Ash  of  25  Cc. 

(Methyl  Orange  In- 

Filtered  Liquor 

Indicator) 

Distilled           Tap 

Distilled          Tap 

pH  Value . 

Times 

Water          Water 

Water          Water 

DistUled         Tap 

Drained 

Gratns          Grams 

Cc.                Cc. 

Water          Water 

0 

0.0434         0.0432 

4.40              3.95 

7.84              7.82 

1 

0.034S         0.0338 

3.15              2.80 

7.57              7.56 

2 

0.0272         0.0285 

2.35              1.95 

7.44              7.61 

3 

0 . 0242          0 . 0248 

1 . 90              1 . 60 

7.38             7.28 

4 

0.0218         0.0217 

1.70              1.35 

7.38              7.54 

S 

0.0189         0.0223 

1.40              1.30 

7.37             7.50 

6 

0.0177         0.0200 

1.30            0.90 

7.43              7.48 

It  is  apparent  that  after  the  first  draining  there  is  no  con- 
sistent drop  in  the  pH.  There  is,  however,  a  gradual  decrease 
in  the  weight  and  alkalinity  of  the  ash  of  the  Uquor  with  each 
succeeding  washing.  Two  plausible  explanations  may  be 
offered  in  this  connection.  First,  hominy  presents  a  buffer 
mixture  and  as  the  alkali  is  washed  out,  the  buffer  is  also 
washed  out.  Tliis  amounts  to  the  same  thing  as  dilution  of 
a  buffer  solution  which  does  not  have  its  pfl  changed  thereby. 
Second,  the  protein  or  other  difficultly  soluble  material  in 
the  grain  may  have  its  pH  altered  during  the  lying  process; 
such  products  would  be  washed  out  extremely  slowly  and 
yet  might  be  soluble  enough  to  affect  the  reaction  of  the  liquor. 

Effect  of  Intensity  of  Lying  Process 

In  view  of  the  above  results,  it  was  necessary  to  find  else- 
where the  cause  for  the  great  variation  in  pH  observed  in 
different  brands  of  commercial  hominy.  One  very  impor- 
tant factor  causing  such  variation  in  the  reaction  of  hominy 
is  the  length  of  the  lying  period.  The  following  experiment 
win  illustrate.  The  corn  was  lyed  in  the  usual  way,  and 
samples  of  equal  weight  were  removed  from  the  lying  bath 
after  10,  20,  30,  40,  and  50  min.  Each  sample  was  rinsed 
three  times  with  about  three  times  its  weight  of  cold  water. 
Each  sample  was  then  divided  into  three  equal  portions: 
the  first  was  given  one  15-min.  cook,  drained,  then  canned, 
and  given  a  150-min.  cook  at  212°  F.;  the  second  was  given 
two  15-min.  cooks,  drained  after  each,  then  canned,  and 
given  a  135-min.  cook;  the  third  was  given  three  15-min.  cooks, 
drained  after  each,  then  canned,  and  given  a  120-min.  cook. 
AU  were  then  processed  at  240°  F.  for  70  min.  in  No.  2  cans. 
Thus  all  samples  were  cooked  165  min.  at  212°  F.,  and  70 
min.  at  240°  F.  after  lying. 

Table  IV  shows  the  effect  of  the  different  lying  periods  and 
the  effect  of  subsequent  washing  or  boiling  out  with  water  on 
the  pH  and  on  the  titratable  acidity  and  the  alkalinity  of  the 
soluble  ash. 

The  pH  varies  from  about  6.50  for  the  10-min.  lying  period 
to  about  9.00  for  the  50-min.  lying  period.  Washing  with 
boiling  water  has  no  appreciable  effect  on  the  pH,  but  it  does 
decrease  the  titratable  acidity  of  the  Uquor  and  the  alka- 
linity of  the  soluble  ash. 

A  similar  experiment  was  made  on  a  scale  large  enough  to 
give  a  dozen  cans  of  hominy  for  each  Ijing  period,  with  the 


Table 

IV 

0.1  N  .4IkaU  or 

Acid  Required  to 

Neutralize  100  Cc. 

Cc 

0.1  N  Acid  Re- 

Times 

Liquor  (Phenol- 

quired  to  Neutralize 

Lymg 

Boiled 

phthalein  Indica- 

Soluble Ash  from  100 

Period 

Out  and 

tor) 

Cc. 

Liquor  (Methyl 

Min. 

Drained 

Cc.  Alkali 

Orange  as  Indicator) 

pH  Value 

10 

1 

3.70 

7.60 

6.55 

10 

2 

3.50 

6.80 

6. 51 

10 

3 

2.00 

fi.OO 

6.56 

20 

1 

2.00 

7.60 

7.16 

20 

2 

2.00 

6.40 

7.19 

20 

3 

1.60 

5.80 

7.03 

30 

1 

0.80 

7.40 

7.85 

30 

2 

1.00 

6.00 

7.84 

30 

3 

1.00 

5.00 

7.69 

40 

1 

0.00 

9.40 

8.66 

40 

2 

0.40 

6.20 

8.53 

40 

3 

0.60 
Cc.  Acid 

5.40 

8.38 

50 

1 

0.30 

9.60 

9.02 

50 

2 

0.20 

7.20 

9.05 

50 

3 

0.10 

4.80 

9.05 

idea  of  holding  these  cans  to  note  the  effect  of  the  higher  pH 
due  to  longer  lying  on  black  discoloration.  The  lowest  pH 
of  this  experiment  was  7.2  and  the  highest  8.2.  No  apprecia- 
ble black  had  formed  in  four  weeks,  but  after  six  weeks  the 
hominy  with  the  higher  pH  showed  a  number  of  discolored 
grains  ia  the  bottom  of  the  can. 

Size  and  Shape  of  Grain 

There  are  a  number  of  other  factors  which  more  or  less 
influence  the  alkalinity  of  hominy.  The  size  of  the  grain  has 
an  appreciable  effect.  From  one  lot  of  corn  200  g.  of  large 
grains  and  200  g.  of  smaU  grains  were  picked.  Both  were 
lyed  aUke  and  treated  aUlce  in  other  ways  throughout  the 
process.  The  hominy  from,  the  large  grains  had  a  pH  of 
7.66,  whereas  that  from  the  smaU  grains  had  a  pH  of  7.98. 
In  general,  a  thin,  flat,  small  grain  wiU  yield  a  more  alkaUne 
hominy  than  a  large,  thick  grain. 

Moisture  Content  of  Corn 

If  the  corn  is  treated  with  hot  or  cold  water  pre'vious  to 
Ijdng  (for  example,  with  boiUng  water  for  5  min.  or  cold  water 
for  1  hr.)  the  alkalinity  of  the  hominy  is  sUghtly  less  than  when 
the  corn  is  not  so  treated.  The  corn  absorbs  some  water 
during  this  process  which  wOuld  tend  to  dUute  the  lye  solu- 
tion. But  the  above  statement  holds  true  even  if  the  lye  solu- 
tion used  for  the  unsoaked  corn  is  chluted  with  an  amount 
of  water  equivalent  to  that  absorbed  by  the  soaked  corn. 
But  the  huUs  are  distinctly  less  removed  in  the  case  of  soaked 
corn.  Therefore,  a  longer  lying  period  or  more  concentrated 
lye  would  be  necessary  to  remove  the  huUs  completely,  and 
tliis  would  render  the  corn  more  alkaUne.  Apparently  the 
water  absorbed  during  the  soaking  period  forms  a  protection 
against  the  penetration  of  the  lye.  Presumably  the  hot  water 
forms  a  gelatinous  coat  of  starch  paste  which  acts  in  this 
manner. 

Corn  has  been  dried  in  vacuo  at  a  low  temperature  before 
lying.  In  one  case  it  lost  1.75  per  cent  moisture  and  in 
another  case  3  per  cent.  In  neither  case  was  there  any  ap- 
preciable effect  on  the  pH  value  of  the  hominy. 

Age  of  Corn 

In  Table  V  are  given  the  results  obtained  with  old  and 
new  corn  in  January  1922.  The  new  corn  was  from  the  1921 
crop  and  was  raised  from  the  seed  selected  from  the  crib  from 
which  the  old  corn  was  taken.  The  old  corn  was  from  the 
1920  crop.  In  each  case,  200  g.  were  lyed  in  400  cc.  of  lye 
solution  containing  5  g.  of  sodium  hydroxide. 

A  very  distinct  difference  in  the  behavior  of  the  new  and 
old  corn  is  not  brought  out  in  Table  V.  On  lying  the  old 
corn,  the  solution  becomes  much  thicker  or  more  viscous. 
This  is  also  true  of  the  wash  water  during  the  precook.  The 
huU  or  bran  layer  is  removed  from  the  old  corn  by  a  shorter 
lying  process,  although  the  reverse  is  true  of  the  tips,  as  is 
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.seen  from  the  table.  The  old  corn  becomes  darker  in  color, 
the  germs  become  detached  from  the  grains,  which  then  tend 
to  break.  In  Bxpt.  I,  when  the  lying  period  was  26  and  29 
min.,  no  count  of  the  tips  could  be  made  for  the  old  corn 
because  so  many  grains  were  broken.  This  corn  was  dis- 
tinctly overlyed.  The  old  corn  seemed  to  give  a  bigger  swell, 
but  there  were  so  many  inconsistencies  in  the  different  ex- 
periments that  no  definite  figure  can  be  given.  All  these 
differences  between  old  and  new  corn  are  greatly  fliminished 
when  the  scrubbing  process  is  used.  This  process  overcomes 
the  effect  of  overlying,  and  with  it  tlie  old  corn  yielded  a  good 
hominy  when  lyed  26  or  29  min. 

Tabue  V — Effect  of  Age  of  Corn 


Minutes 
Lyed 
20 
23 
26 
29 


lixpt.  I 
HoiTiiny  not  ".Scrubbed" 

Per  cent  of 
Grains  Still 
Having  Tips 
pH  Value  on 

New      Old 


Expt.  II 
Hominy  "Scrubbed" 


New 
Corn 
7.41 
7.60 
S.OO 
8.  OS 


(>ld 
Corn 
7.9S 
8.40 
8.69 
8.. 55 


pH  Value 


Per  cent  of 

Grains  Still 

Having  Tips 

on 


Corn     Corn 


31 
24 


47 
3B 


New 
Corn 
7.20 
7  2fi 
7.51 
7   73 


Old 
Corn 
7. 55 
7,84 
7.95 
8.07 


New 

Corn 

18 


Old 
Corn 

28 

18 

13 


Effect  of  Alkalinity,  Hydrogen  Sulfide,  and  Iron 

A  separate  lot  of  hominy  was  made  from  each  of  a  number 
of  ears  of  good  seed  stock  corn,  selected  from  a  large  crib. 
The  procedure  was  uniform  for  each.  After  the  lying  pro- 
cess each  lot  was  rinsed  with  uniform  amounts  of  cold 
water  and  dumped  on  a  sieve  where  it  was  rubbed  with 
the  hand  to  remove  more  completely  the  surface  softened  by 
the  lying  process.  The  effect  of  such  a  procedure  on  the  pH 
win  be  discussed  later,  but  at  the  time  this  effect  was  not 
realized  and  a  variable  was  thus  introduced  in  the  making  of 
these  separate  lots.  The  hominy  was  again  uniformly  rinsed 
and  given  four  20-min.  cooks  in  boiling  water.  One  hundred 
grams  of  each  lot  were  canned  in  No.  1  flat  cans.  Also 
25  g.  were  put  up  in  each  of  two  glass  test  tubes  about  1  in. 
in  diameter,  by  sealing  off  the  open  end.  Into  each  of  the 
tubes  for  each  ear  was  also  introduced  a  strip  of  tin  plate  about 
Vs  in.  wide  and  long  enough  to  extend  about  Vs  in.  above  the 
liquor.  This  strip  of  metal  was  cut  from  a  large  piece  of 
tin  plate  and  thus  the  raw  cut  edges  were  exposed  to  the 
hominy.  At  the  same  time  the  iron  was  determined  on  the 
dry  corn,  the  pH  value  of  the  resulting  hominy,  and  also  the 
hydrogen  sulfide  evolved  upon  heating  the  hominy  at  120°  C. 
for  45  min.,  at  that  stage  of  its  preparation  when  it  was  ready 
to  be  canned.  The  method  for  this  determination  is  to  be 
described  in  a  separate  paper.  The  samples  thus  used  were 
afterward  canned  in  No.  1  flat  cans,  and  are  discussed  below. 

The  corn  put  up  in  the  glass  tubes  has  been  observed  fre- 
quently and  the  extent  of  black  discoloration  recorded. 
In  the  tubes  where  this  occurred  there  were  in  nearly  all 
cases  some  signs  of  discolored  grains  within  a  very  few  days 
after  packing.  These  samples  of  hominy  were  all  put  up 
between  April  28,  1921,  and  May  20,  1921.  The  results  up 
to  the  present  time  may  be  summarized  as  follows:  Among 
those  samples  having  the  highest  pH,  more  are  discolored  and 
the  discoloration  is  decidedly  worse  than  among  those  with 
the  lower  pH.  The  discoloration  is  in  the  order  of  the 
amount  of  hydrogen  sulfide  formed.  The  discoloration  is 
also  in  the  order  of  the  iron  content  but  the  relation  in  this 
respect  is  not  so  marked.  These  results  are  in  harmony  with 
the  fact  that  alkali,  and  to  a  less  extent  iron  salts,  hastens  the 
brealdng  down  of  sulfur-bearing  iiroleins,  with  the  develop- 
ment of  hydrogen  sulfide. 

It  is  apparent  from  an  examination  of  these  tubes  of 
hominy  that  the  iron  to  unite  with  the  hydrogen  sulfide  must 
come  from  the  tin  plate.  In  evcny  case  its  devc^lopment  lie- 
gan  where  the  grains  were  in  contact  with  the  cut  edge  of  the 


strip  of  plate.  In  no  case  was  any  sign  of  Ijlack  formation 
found  in  the  tubes  containing  no  tin  plate.  This  is  also  borne 
out  by  the  data  of  Table  VI,  which  gives  the  iron  content  of 
the  germ  and  endosperm,  based  on  dry  weight,  of  commer- 
cially canned  hominy.  These  figures  are  many  times  greater 
than  the  iron  ccjiitent  of  normal  corn. 


Sample  No 

Mg.  Fe 
per  kilo 
on  dry 

basis 


Table  VI 

I        2         3       4       5         6       7       8         9       10       11 

Endo- 
sperm     185     39     119     18     13       17     14     64     212       62       75 
Germ       .5970  441    .5460   .501   368   1515  902  503   6670    1605  3160 

Effect  of  Temper.^ture  of  Precook 


In  the  cans  containing  the  hominy  which  had  been  used 
for  the  hytlrogen  sulfide  determination  (/.  c,  which  had  had 
an  atlditional  45-min.  precook  at  120°  C.  with  live  steam 
passed  through  it)  the  tin  plate  was  decidedly  brighter 
than  in  the  cans  containing  the  hominy  treated  only  in 
the  ordinary  way.  Such  a  procedure  would  be  exijected  to 
lessen  the  tendency  to  black  discoloration,  in  that  it  re- 
moves some  of  the  hydrogen  sulfide  and  is  an  efficient 
washing.  A  precook  at  120°  C.  gave  a  much  better 
swell  and  a  better  appearing  hominy  than  the  100°  C. 
precook.  It  enabled  one  to  obtain  more  uniform  fills, 
inasmuch  as  the  swell  was  fairly  complete  before  canning. 
A  uniform  fill  is  an  important  consideration  from  the 
standpoint  of  black  formation.  If  the  can  is  so  full 
as  to  pack  the  hominy  firmly  against  the  walls,  the  hominy 
is  more  prone  to  discoloration  than  when  loosely  packed. 
Storing  cans  on  the  side  is  beneficial  because  the  weight 
of  the  hominy  does  not  pack  the  lower  grains  so  firmly 
against  the  can. 

It  should  not  be  inferred  that  a  high  precook  would  make 
unnecessary  the  usual  number  of  washings  with  hot  water. 
These  are  important  in  the  prevention  of  black,  even  though 
they  have  no  marked  effect  on  the  H-ion  concentration. 
This  is  evident  from  Table  I,  where  it  is  seen  that  there  is 
abundant  black  formation  when  there  is  only  enough  sodium 
hydroxide  jiresent  to  produce  a  pH  of  7.39. 

Effect  of  Scrubbing 

In  seeking  for  ways  to  keep  the  pH  as  low  as  possible  during 
the  process  of  lying,  it  was  observed  that  nearly'  every  moll- 
ification in  the  method  was  accompanied  by  a  less  thorough 
removal  of  the  tips  and  bran  layer.  Any  tips  will  of  course 
detract  from  tlie  appearance.  This  is  also  true  of  the  in- 
completely removed  bran  layer,  which  gives  the  grains  a 
"curly"  or  "fuzzy"  coat.  Moreover,  a  complete  removal  of 
the  bran  layer  permits  the  grain  to  swell  better. 

A  process  has  finally  been  developed  which  will  decidedly 
lower  the  alkalinity  of  lye  hominy  and  which  should  be 
entirely  practicable  and  easy  to  aijply  on  a  commercial  scale. 
This  can  be  done  by  a  process  of  scrubbing  or  abrasion  by 
means  of  a  drum  made  of  No.  12  grater  bodies,  9  in.  long 
by  ()  in.  wide.  Twenty  of  these  bodies  were  soldered  together 
in  such  a  fashion  as  to  foitn  a  cylinder  1  ft.  long  anil  7.5  ft.  in 
circumference.  Ends  for  this  cylinder  were  made  of  tin 
plate.  A  narrow  sliding  door  was  made  to  introduce  the 
hominy.  This  drum  was  revolved  at  the  rate  of  45  r.  p.  m.,  in 
a  pan  of  water  of  such  depth  that  the  hominy  slid  smoothly 
down  as  the  drum  turned  instead  of  b(>ing  carried  up  and 
dropped  down. 

A  miinber  of  brushes  were  introduced  inside  lliis  drimi. 
but  they  only  com|)licated  matters  and  did  no  apii.'irent  good 
in  the  apparatus.  It  is  possil)le  that  passing  the  hominy 
over  such  a  grating  surface  while  it  was  being  shaken  would 
prove  more  satisfactory.  Possibly  to  some  plants  a  continu- 
ous process  would  be  best  adapted.     In  such  a  case  the  effect 
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of  the  length  of  the  lying  period  must  be  duly  taken  into  ac- 
count. When  a  kettle  of  hominy  is  sufficiently  lyed  it  is  very 
essential  that  its  entire  contents  be  emj^tied  at  once  and  the 
hot  lye  solution  thoroughly  rinsed  off.  A  scrubbing  process 
in  boiling  water  may  be  more  effective  and  is  worthy  of  being 
tiied  commerciaUy. 

It  was  found  that  in  this  size  of  drum  a  5-min.  rotation  was 
about  the  optimum  when  10  lbs.  of  corn  were  used.  A  12-ft. 
cyhnder  would  handle  120  lbs.  in  .5  min.  or  (500  lbs.  in  25 
min.  The  latter  figures  represent  a  normal  factory  batch 
and  an  average  lying  period.  Therefore,  there  should  l)e 
no  practical  difficulty  in  its  use  from  this  standpoint. 

Table  VII — Effects  of  Scrubbing  Process 


No.  43.0  Per  cent  NaOH 

Tirae  of  Lyins 

Time  of  Scrubbing 

Grams 

Min. 

Min. 

pH 

1 

1050 

17 

0 

7.76 

2 

10.50 

17 

5 

7.26 

3 

1050 

17 

10 

7.25 

4 

10.50 

17 

15 

7.26 

r, 

1050 

24 

0 

7.84 

n 

10.50 

24 

r, 

7.42 

7 

10.50 

24 

10 

7.32 

8 

1050 

24 

15 

7.22 

9 

1050 

31 

0 

7.78 

10 

10.50 

31 

5 

7.46 

11 

1050 

31 

0 

7.3S 

12 

10.50 

31 

15 

7.20 

13 

1000 

10 

0 

7.26 

14 

1600 

10 

5 

6.92 

1.5 

1600 

10 

10 

6.92 

16 

1600 

10 

15 

6.91 

17 

1600 

15 

0 

7 . 7.5 

IS 

1600 

15 

5 

7.34 

19 

1600 

IS 

10 

7.29 

20 

1600 

15 

15 

7.23 

21 

1600 

20 

0 

7.89 

22 

1600 

20 

.5 

7.39 

23 

1600 

20 

10 

7.37 

24 

1600 

20 

15 

7.38 

2.5 

750   . 

IS 

0 

7.22 

26 

750 

18 

.5 

7.02 

27 

750 

IS 

10 

6.94 

28 

7.50 

18 

15 

7.06 

29 

750 

25 

0 

7.2S 

30 

7.50 

25 

,5 

7.17 

31 

750 

25 

10 

7.04 

32 

750 

25 

15 

6.98 

33 

7.50 

32 

0 

7.74 

34 

750 

32 

5 

7.. 50 

3.5 

750 

32 

10 

7.34 

36 

750 

32 

15 

7.24 

There  arc  three  very  decided  advantages  in  such  a  pro- 
cedure. First,  it  aids  in  removing  the  hulls  or  outer  layer  of 
the  grains,  in  which  is  located  the  relatively  highly  alkaline 
product  resulting  from  the  lying  process.  Second,  the  usual 
lying  process  can  be  shortened  because  the  mechanical 
abrasion  in  part  takes  the  place  of  the  lying  process  in  re- 
moving the  hulls.  In  this  way  it  helps  further  to  reduce  the 
alkalinity.  Third,  by  remo^^ng  this  outer  hull  so  effectively 
it  gives  a  whiter  product  than  can  l.)e  obtained  by  any  other 
known  process,  except  by  bleaching,  and  the  whiteness  is  not 
the  dead  chalky  whiteness  obtained  by  a  bleaching  process. 
It  is  the  natural  and  pleasmg  whiteness  of  the  corn  which  is 
lost  in  the  present  methods  of  hominy  making. 

Just  how  efficient  a  process  of  scrubbing  will  be  in  the  pre- 
vention of  discoloration  in  hominy  cannot  be  stated  without 
further  observations.  It  will  not  be  effective  in  all  cases,  for 
black  has  been  observed  when  thi*  process  was  used.  The 
intensity  of  the  lying  process,  i.  e.,  the  time  of  lying  and 
strength  of  the  solution,  plays  a  part.  When  the  hominj'  ac- 
quires a  high  pH  due  to  a  severe  lye  treatment,  it  can  be  greatly 
reduced  by  abrasion  of  the  gi-ains,  but  it  seems  impossiljle 
to  get  it  below  a  certain  point,  as  Table  VII  will  illustrate.  It 
should  not  be  inferred  that  the  H-ion  concentration  is  the 
only  factor  which  determines  the  degree  of  discoloration. 
The  beneficial  effect  of  washing  should  not  be  underempha- 
sized.  This  washing  removes  to  a  more  or  less  extent  the 
electrolytes  which  may  have  a  solvent  effect  on  the  iron. 
Table  I  gives  an  example  (jf  a  hominy  with  a  pH  value  below 
the  average  for  commercial  hominy,  yet  the  Ijlack  forma- 


tion occurred  early  and  was  marked.  But  there  was  more 
alkali  in  it  than  would  be  left  in  a  well-washed  hominy.  In 
the  commercial  washing  of  hominy,  the  necessity  of  good 
stirring  should  be  realized.  Since  the  washing  is  done  in 
boiling  water,  a  certain  amount  of  hj-drogen  sulfide  is  liber- 
ated, and  less  will  be  formed  in  the  can  during  jirocessing. 
Thirtv-six  lots  of  twenty-four  No.  2  cans  each  have  been 
put  up  in  the  laboratory  from  the  same  corn.  In  these  the 
time  of  b'ing,  the  strength  of  the  lying  solution,  and  the  length 
of  the  scrubbing  period  were  all  varied  to  demonstrate  the 
effect  oil  the  ])H  value.  Forty  pounds  of  corn  were  lyed  for 
the  time  indicated  in  Table  VII,  in  80  lbs.  of  lye  solution  of 
the  strength  noted.  It  was  then  rinsed  thoroughly,  divided 
into  four  equal  parts,  one  used  as  control  and  the  others 
scrubbed  for  5,  10,  and  15  min.,  respectively.  Each  was 
then  given  four  20-min.  cooks,  and  then  canned  in  No.  2 
cans,  2.30  g.  per  can.  The  pH  wa.s  determined  a  month  or 
more  after  canning.  It  should  be  stated  that  Nos.  13  to  16, 
inclusive,  and  25  to  36  were  all  underlyed,  not  all  the  tips 
being  removed,  even  after  scrubbing.  Half  of  the  cans  are 
stored  on  end  and  half  on  the  side.     See  Table  Vll. 

Appearance  and  Location  of  Black  Discoloration 

These  packs  hav^e  scarce!}'  been  up  long  enough  to  justify 
final  conclusions,  but  it  has  been  noticed  that  when  a  can  of 
hominy  is  allowed  to  stand  on  end  undisturbed,  after  process- 
ing, there  are  two  ways  in  which  the  black  ferrous  sulfide 
may  show  up. 

1 — A  variable  amount  always  forms  on  the  inner  surface  of 
the  top  of  the  can,  notably  on  the  expansion  rin.?s  and  possibly 
more  adjacent  to  the  end  seam.  So  much  may  form  as  to  flake 
off,  giving  the  hominy  a  peppered  appearance.  It  is  very  sim- 
ilar in  appearance  to  the  black  which  forms  in  the  air  space  in 
canned  peas  and  sweet  corn.  It  was  evident  from  these  ex- 
perimental packs  that  this  was  formed  more  abundantly  when  the 
hominy  was  not  scrubbed,  other  conditions  being  equal. 

2 — Some  grains  may  become  black  where  they  are  against  the 
can;  at  first  just  a  little  on  a  small  area,  but  gradually  more  until 
a  big  portion  of  the  grain  is  black.  In  the  experimental  packs,  up 
to  the  present  time,  these  grains  always  lie  in  a  circle  adjacent 
to  the  bottom  seam  or  against  the  side  seam.  In  some  cases  a 
complete  circle  has  been  observed  on  the  bottom.  These  facts 
make  it  appear  that  the  iron  for  the  formation  of  the  black  dis- 
coloration of  hominy  comes  first  from  the  tin  plate  where  its 
physical  condition  has  been  altered  by  bending  or  cutting.  If 
this  is  true  for  hominy  it  seems  likely  that  the  iron  acquired  by 
other  products  from  the  container  probably  comes  first  and 
perhaps  largely  from  these  regions. 

This  clear-cut  pictiu'e  is  never  met  in  a  commercial  can  of 
hominy,  as  a  result  of  its  being  handled  in  transportation  and 
in  trading.  The  first  form  of  l.ilack  is  of  little  conse(iuence 
because  it  is  washed  off  frequently  enough  and  so  finely  ilis- 
tributed  in  the  can  that  it  is  seldom  serious.  The  black 
grains,  however,  make  it  unfit  for  the  trade,  not  from  the 
standpoint  of  wholesomeness,  but  of  appearance. 

It  is  not  to  be  concluded  that  black  discoloration  would 
not  occur  if  a  can  could  be  made  without  sharp  bends  or 
without  the  tin  plate  haxnng  undergone  some  strain.  Under 
such  circumstances  the  formation  of  black  might  be  retarded 
but  it  would  be  likely  to  occur  within  the  ])eri(jd  of  manu- 
facture and  consumption  of  a  pack.  It  is  known  that  the 
tin  on  tin  plate  does  not  form  a  complete  and  continuous 
coating.  Every  type  of  tin  container  has  in  it  one  or  both 
of  the  conditions  of  a  fractured  tin  coating,  a  strain  in 
the  plate  due  to  bending  or  the  cut  edge  of  the  plate  exposed. 
In  the  case  of  the  sanitary  double  seam,  the  lock  side  seam, 
and  the  expansion  rings,  the  tin  coating  is  more  or  less  broken. 
In  the  lap  side  seam  a  cut  edge  of  the  plate  is  exposed.  This 
is  also  true  on  the  end  and  around  the  hole  of  the  hole  and 
cap  cans. 
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The  Determination  of  Carbon  Dioxide  in  Self-Rising  Flour' 


By  Benjamin  R.  Jacobs- 

National  Cereal  Products  Laboratories,  Washington,  D.  C. 


The  following  method  of  delermining  carbon  dioxide  by  absorp- 
tion in  barium  hydroxide  has  given  very  satisfactory  results  with 
self-rising  flour.  Contamination  with  atmospheric  carbon  dioxide 
is  avoided  by  aspirating  COi-free  air  through  the  apparatus,  by 
worthing  rapidly,  and  by  k.ecping  apparatus  and  reagents  properly 
stoppered.     The  titration  must  be  carried  to  a  definite  end-point. 

IN  consideration  of  the  enormous  increase  in  the  produc- 
tion of  self-rising  flours  and  of  the  larpie  number  of  millers 
who  are  manufacturing  them  practically  without  chemical 
control,  it  seems  desirable  to  ])resent  a  rajiid  and  accurate 
method  of  determining  carbon  tlioxide  in  this  jiroduct. 

Since  the  determination  of  carbon  dioxide  is  made  for  a 
large  variety  of  jnu-poses,  many  methods  and  many  forms  of 
apijaratus  have  been  tlevised.  Some  require  very  elaborate 
apparatus  and  precautions,  and  the  sources  of  error  are  many. 
Truog'  determined  carbon  dioxide  in  certain  soil  investi- 
gations by  the  alkali  titrimetric  method,  using  measured 
amounts  of  barium  hydroxide,  in  which  the  carbon  dioxide  was 
precipitated  as  barium  carl)onate  which  is  practically  neu- 
tral to  phenolphthalein.  The  excess  of  barium  hydroxide 
was  determined  by  titration  and  the  amount  of  carbon 
dioxide  by  difference. 

The  Truog  method  has  been  adajited  by  Gurgar'  to  the 
determination  of  carbon  dioxide  in  plant  respiration  studies. 
The  apparatus  used  by  Gurgar  is  more  elaborate  than  that 
of  Truog,  but  it  is  also  susceptible  of  greater  accuracy, 
owing  to  the  u,se  of  more  dilute  reagents,  as  well  as  to  the 
precautions  used  against  exposing  the  standard  barium  hy- 
droxide solution  to  the  atmosphere. 

In  determining  carbon  dioxide  in  self-rising  flours  the  tend- 
ency of  the  sample  to  lump  when  treated  with  water  must  be 
overcome;  otherwise  small  lumps  of  dough  containing  dry 
flour  in  the  center  will  cause  errors  in  the  determination. 
It  has  been  found  that  this  may  be  overcome  by  adding  only 
enough  water  to  form  a  thick  paste,  the  amount  required  being 
about  three  times  the  weight  of  the  sample.  Vigorous  shak- 
ing is  necessary  to  break  up  the  lumps  and  form  a  homo- 
geneous paste. 

App.'vratus 

The  apparatus  shown  in  the  accompanying  figure  consists 
of  a  tower.  A,  a  flask,  B,  of  1000-cc.  capacity,  a  300-cc. 
round-bottomed  flask,  D,  provided  with  a  100-cc.  separatory 
funnel,  C,  and  a  glass  bulb,  E,  connected  with  two  16-oz. 
bottles,  F,  filled  with  50  per  cent  sodium  hydroxide  solution 
and  jierforatetl  or  solid  glass  beads,  G. 

Reagents 

STANDARD  HYDROCHLORIC  ACID — A  0.1  A''  solution  is  Used. 

BARIUM  HYDROXIDE — Sevcu  g.  of  Ba(0H)2  ai'c  dissolved  in 
1  liter  of  boiling  water  and  filtered  into  a  stock  liottie  which 
has  been  freed  from  carbon  dioxide.  A  doulile  filter  i)aper  is 
used  and  the  funnel  is  never  allowed  to  run  dry  until  the  solu- 
tion has  all  gone  through.  Fifty  cc.  are  used  for  each  deter- 
mination. About  19  cc.  of  0.1  A'  IK 'I  are  rciiuired  to  neutral- 
ize this  amount  of  barium  hydroxide. 

PHENOLPHTHALEIN — One  gram  of  plicnnlpliMiali'in  is  dis- 

'  Received  Jiinuiiry  18,  1022. 
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solved  in  100  cc.  of  9.5  per  cent  ethyl  alcohol.     Four  drops  are 
used  for  each  determination. 

CO2-PREE  WATER — This  may  be  made  either  by  passing 
COo-f ree  air  through  water  for  30  min .  or  by  boiling  for  1 5  min . 

diasta.se  SOLUTION — This  is  made  by  dissolving  1  g.  of 
diastase  in  a  liter  of  COo-free  water.  100  cc.  are  used  for 
each  determination.  This  solution  should  be  made  up  fresh 
everv  day. 


Procedure 

Fifty  cc.  of  the  barium  hydroxide  solution  are  introduced 
into  flask  B  through  the  tower  A,  the  apparatus  having  pre- 
viously been  freed  of  CO2  by  drawing  COj-free  air  though  it 
for  20  min.  Approximately  5  g.  of  the  flour  to  be  tested  are 
weighed  in  a  test  tube  and  dumped  into  drieil  flask  D,  which 
is  immediately  corkeil  for  future  use  or  connected  with  the 
rubber  stopi^er  jirovided  with  the  separatory  funnel  C.  Air 
is  then  passed  through  at  the  rate  of  about  four  bubbles  per 
second.  One  hundred  cc.  of  the  standard  diastase  solution 
are  run  into  the  separatory  funnel.  Approximately  15  cc. 
of  this  solution  are  introtluced  into  the  flask  containing  the 
sample  and  shaken  gently  until  a  homogeneous  paste  is  ob- 
tained, whereuiJon  the  remaining  portion  of  the  diastase  solu- 
tion is  intrtxluccd.  Flask  I)  is  immersed  in  a  dish  containing 
water  at  70°  C.  for  about  10  min,  in  order  to  hasten  the  action 
of  the  diastase  on  the  starch.  The  temiwraturc  of  the  water 
in  the  dish  is  then  increased  to  boiling,  the  flask  is  shaken 
occasionally,  and  the  determination  continued  for  a  total  of 
25  min.  .hist  before  the  end  of  this  time  a  flame  is  applied 
directlj-  to  1,he  bottom  of  the  flask  and  the  contents  are 
brought  to  a  boil  for  a  few  .seconds.  This  should  lie  done 
carefully  to  avoid  charring. 

When  the  determination  is  comiileted  the  sect-ion  is  closed 
off  with  ;i  stopcock  connected  to  tlie  tubing  above  the  tower. 
Tile  a])p;iratus  is  disconnected  at  the  side  tube  of  the  flask 
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B.  The  tower  is  raised  a  few  inches,  and  the  beads  are  al- 
lowed to  slide  out.  It  is  then  washed  with  a  httle  COrfree 
water.  The  washing  is  done  quickly  and  if  the  flask  is  then 
corked  or  the  titration  made  immediately  there  is  scarcely  any 
possibihty  of  contamination  from  the  air.  The  bariiun  hy- 
droxide solution  may  be  titrated  by  adding  four  drops  of 
phenolphthalein  indicator.  Titrate  with  hydrochloric  acid 
to  the  permanent  disappearance  of  the  last  traces  of  pink 
color.  If  it  is  desired  to  determine  the  residual  CO2  in  the 
sample,  flask  B  and  tower  A  are  immediately  replaced  by 
another  similar  flask  and  tower,  which  have  been  pre\dously 
freed  from  CO2  and  contain  50  cc.  of  barium  hydroxide 
solution.  Five  cc.  of  concentrated  hj'drochloric  acid  are 
added  through  the  separator^'  funnel  C  to  the  flask  contain- 
ing the  sample.  The  solution  is  then  brought  to  a  boil  and  the 
boiling  continued  verj-  gently,  the  total  time  of  aspiration 
being  25  min. 

The  carbon  dioxide  obtained  from  the  diastase  solution  is 
assumed  to  be  available  carbon  dioxide,  while  that  obtained 
from  the  same  solution  after  the  addition  of  the  concentrated 
hydrochloric  acid  is  assumed  to  be  residual  carbon  dioxide. 


AccuR.^CY  OF  Method 

The  accuracy  of  the  above  method  and  the  efficiency  of 
the  apparatus  and  technic  in  preventing  contamination  of 
the  reagents  by  the  carbon  dioxide  of  the  air  were  tested  by 
using  measured  quantities  of  standard  barium  hydroxide  in 
the  regular  wa\'  in  the  tower  and  passing  COrfree  air  through 
it  for  25  min. 

A  number  of  blank  determinations  were  made  on  commer- 
cial grades  of  flour.  In  no  case  was  there  found  to  be  more 
than  0.008  per  cent  of  total  carbon  dioxide,  while  in  several 
instances  the  blanks  were  nil.  The  method  was  also  tried 
by  using  ordinary  flour  containing  no  added  carbon  dioxide  and 
adding  known  quantities  of  baking  powder  of  known  compo- 
sition. The  baking  powder  used  was  a  sample  which  has  been 
used  in  coDaborative  work  by  the  Association  of  OflBcial  Agri- 
cultural Chemists.  It  had  been  tested  by  five  chemists  and 
showed  an  average  of  16  per  cent  total  CO2.  In  one  in- 
stance the  sample  tested  contained  24  mg.  of  total  carbon 
dioxide  and  there  were  recovered  2.3.60  mg.  In  anothei' 
instance  the  sample  analyzed  contained  48  ing.  of  carl  ion 
dioxide  and  there  were  recovered  46.56  mg. 


An  Electro-X^oliimetric  Method  for  Lead'' 

By  D.  A.  Maclnnes^  and  Eric  B.  Townsend 
Research  Laboratory  of  Physical  Chemistry.  Massachusetts  Institute  of  Technology,  Cambridge,  Massaciutsetts 


In  the  method  described  in  the  Jollouing  paper,  lead  peroxide, 
deposited  electrolytically,  is  determined  by  solution  in  oxalic  acid 
and  titration  of  the  excess  acid  with  potassium  permanganate.  The 
method  seems  more  rapid  than  the  usual  electro-gravimetric  method, 
and  is  more  accurate,  since  it  involves  no  uncertain  empirical  fac- 
tor. It  is  unaffected  by  hydration  of  the  deposit  and  by  all  inclu- 
sions in  the  material  unless  they  are  oxidizing  in  nature. 

It  would  also  appear  that  this  work,  establishes,  beyond  question, 
the  fact  that  the  substance  produced  by  the  anodic  oxidation  is  lead 
peroxide,  and  contains  no  higher  oxide,  as  has  been  claimed  by 
several  authors. 

IN  a  study  of  the  reactions  occurring  in  the  lead  acciunu- 
lator,'  one  of  the  authors,  with  his  associates,  showed 
that  the  product  of  the  oxidation  of  lead  at  an  anode  is 
PbOz,  and  not  a  mixiure  of  this  substance  with  a  higher  oxide, 
as  has  been  claimed  by  Tery^  and  others.  However,  in  the 
usual  electrolytic  determination  of  lead,  in  which  the  metal 
is  determined  by  weighing  the  dried  peroxide,  it  has  been 
found  necessarj'  to  use  an  empirical  factor,  smaller  than 
the  stoichiometrical  factor,  0.8663.  A  low  factor  may  be 
due  to  contamination  with  a  higher  oxide,  or  to  a  persistent 
hydi'ation  of  the  deposit.  For  the  practical  purpose  of  de- 
termining lead,  this  would  not  be  of  importance  if  there  were 
certainty  as  to  the  value  of  this  factor.  Hollard,^  who  be- 
lieves that  the  discrepancy  between  the  factor  for  pure  PbOj 
and  that  observed  experimentally  is  due  to  a  higher  oxide, 
obtained  values,  -nith  a  polished  anode,  varjing  from  0.740  for 
small  amounts  of  lead  to  0.861  for  large  amounts.  With  a 
roughened  electrode  he  obtained  the  average  value  0.853 
for  all  amounts  of  oxide,  but  his  experimental  deviations 
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were  ±0.005  from  this  factor.  Treadwell,'  on  the  other 
hand,  recommends  a  high  value  of  the  factor,  0.886,  for 
small  amounts  of  oxide,  and  a  lower  one,  0.863,  for  larger 
quantities.  This  is  far  from  being  a  sunamary  of  the  work 
on  this  subject,  but  it  is  sufficient  to  indicate  that  there  is 
considerable  uncertainty  as  to  the  value  of  the  factor. 

It  occurred  to  the  wTiters  that  the  oxidizing  power  of  the 
deposited  peroxide,  on  an  excess  of  oxahc  acid  for  Instance, 
could  be  made  the  basis  for  a  convenient  method  of  deter- 
mining lead.  Strangely  enough,  this  rather  ob^dous  method 
has  received  practically  no  attention.  A  search  through  the 
journals  and  textbooks  disclosed  just  two  references  to  the 
method  as  a  possibility  and  no  e\idence  that  it  has  been  tried. 
Treadwell*  says,  "In  a  large  excess  of  oxalic  acid  the  lead 
peroxide  (dried  at  200°  i  goes  verj'  slowly  into  solution.  The 
titrimetric  determination  of  the  peroxide  is,  therefore,  slow 
and  not  to  be  recommended."  Further,  Scott'  suggests 
such  a  method,  but  he  states,  in  a  personal  communication, 
that  he  has  not  put  it  to  actual  test.  It  was,  therefore,  con- 
sidered desirable  to  try  the  oxidizing  propertj'  of  the  deposited 
oxide  as  a  means  of  determining  lead. 

-Aiter  some  preliminarj'  experiments  with  a  gauze  anode, 
it  was  found  that  the  best  deposits  for  this  purpose  were  ob- 
tained with  an  anode  consisting  of  a  platinum  dish,  9  cm.  in 
diameter,  roughened  on  the  inside,  and  a  platinum  disk,  ro- 
tating at  about  600  r.  p.  m.,  as  cathode.  Small  pieces  of 
sheet  lead  were  carefully  cleaned  and  weighed,  and  dis- 
solved in  the  anode  dish,  with  10  cc.  of  concentrated  nitric 
acid  and  15  cc.  of  water.  The  sheet  lead  was  kindly  furnished 
b3'  the  Bureau  of  Standards  and  contained  im|)urities  amount- 
ing to  not  more  than  0.04  per  cent.  The  resulting  solution 
was  electroh'zed  with  a  current  of  about  12  amp.,  until  the 
solution  gave  no  test  for  lead,  which  was  usually  after  about 
30  min.  The  deposit  was  then  washed  with  a  little  distilled 
wat«r. 

'  " Electro-analytische  Methoden,"  148. 
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At  this  point,  instead  of  drying  and  weighing,  the  pero>dde 
was  determined  by  one  of  two  methods:  (a)  treatment  with 
potassium  iodide  and  titration  of  the  liberated  iodine  with 
sodium  thiosulfate,  and  (6)  solution  in  an  excess  of  standard 
oxalic  acid  and  titration  with  potassium  permanganate  of  the 
excess  oxalic  acid  remaining  after  the  reaction.  These  pro- 
cedures will  be  dLscussed  separately. 

The  Iodometric  Method 

The  procedure  followed  was  that  described  by  Treadwell 
and  Hall'"  for  determining  lead  peroxide.  About  0.6  g.  of 
potassium  iodide  and  small  amounts  of  acetic  acid  and  sodium 
acetate,  dissolved  in  25  cc.  of  water,  were  placed  in  the  anode 
dish  before  the  deposit  had  been  allowed  to  dry.  It  was  found, 
however,  that  the  deposit  dissolved  very  slowly  and  then  only 
by  constant  rubbing  with  a  glass  rod.  From  1.5  to  2  hrs.  were 
necessary  for  the  solution.  Heating  of  the  mixture  to  hasten 
solution  wa.s  not  advisable  because  iodine  would  undoubtedly 
vaporize  to  a  certain  extent.  The  liberated  iodine  was  ti- 
trated with  sodium  thiosulfate  which  had  been  standard- 
ized in  the  usual  manner  against  the  potassium  permanganate 
solution  described  below.  Some  results  of  this  procedure 
are  given  in  Table  I. 


Table  I — Iodometric  Determination 


Eipt.  1 
Expt.  2 


Time  of 
Deposition  Current 
Min.  Amp. 

32  12.4 

40  13 


Wt.  of  tead 
Grams 
0.0846 
0.2004 


Wt.  of  Lead 

Determined 

Grams 

0.0843 

0.2000 


Error 

Per  cent 

-0.4 

-0.2 


The  low  results  are  undoubtedly  largely  due  to  the  diffi- 
culty of  getting  the  deposit  completely  into  solution  in  the 
mixture  used.  This  procedure  does  not  seem  to  be  adapted  to 
practical  use. 

The  Oxalic  Acid  Method 

An  excess  of  standard  oxalic  acid  (about  25  cc.  of  0.1  N) 
together  with  5  cc.  of  concentrated  nitric  acid  were  placed  on 
the  peroxide  deposit  before  it  had  been  allowed  to  dry.  The 
solution  was  heated  to  about  80°,  until  the  solid  had  com- 
pletely dissolved,  which  took  about  5  min.  It  is  important 
to  keep  the  volume  of  the  solution  as  small  as  possible,  as 
the  accuracy  of  the  permanganate  titration  is  greater  when 
using  concentrated  solutions.  After  the  solution  had  been 
transferred  to  a  small  beaker  and  a  small  amount  of  con- 
centrated sulfuric  acid  had  been  added  to  precipitate  the  lead, 
the  excess  of  oxaUc  acid  was  titrated  with  permanganate 
solution  which  had  been  standardized  against  pure  dry  so- 
dium oxalate.  The  burets  and  weights  used  had  been  care- 
fully calibrated.  Some  results  obtained  by  this  method  are 
outlined  in  Table  II. 

Table  II — Oxalic  Acid  Method 


Time  of 

-—Weight  of  Lead^ 

Current 

Deposition 

Taken 

Found 

Error 

EXPT. 

Amp. 

Min. 

Grams 

Grams 

Per  cent 

1 

13.0 

45 

0.0889 

0.0888 

-0.11 

2 

13.0 

40 

0.0906 

0.0904 

-0.22 

3 

12.0 

35 

0.1604 

0.1606 

+  0.12 

4 

12.2 

30 

0.1793 

0.1792 

-0.06 

5 

11.8 

32 

0.1772 

0.1773 

+  0.06 

6 

12.6 

30 

0.1867 

0.1868 

+0.05 

7 

11.0 

41 

0.2113 

0.2115 

+  0.10 

8 

12.2 

30 

0.1939 

0.1938 

-0.05 

This  combined  electrolytic  and  volumetric  method  ap- 
pears to  be  more  rapid  than  the  usual  electro-gravimetric 
determination,  and  is  certainly  more  accurate,  since  it  in- 
volves no  uncertain  empirical  factor.  There  does  not  seem 
to  be  any  observable  difference  in  accuracy  when  large  and 
small  amounts  of  lead  peroxide  are  deposited,  which  indi- 
cates that  the  variation  in  the  empirical  factor  considered 
above  is  probably  due  to  differences  in  hydration  rather  than 

'"Quantitative  Analysis/*  676. 


to  variation  in  the  chemical  nature  of  the  deposit.  The 
determination  is  unaffected  by  hydration  of  the  deposit, 
and  by  all  inclusions  in  that  material,  unless  they  are  oxi- 
dizing in  nature.  It  has,  of  course,  all  of  the  advantages  of 
the  electrolytic  method.  "By  this  (electroljrtic)  method  the 
lead  is  separated  from  zinc,  cobalt,  nickel,  iron,  aluminium, 
cppper,  gold,  mercury,  antimony,  and  cadmium.  Traces 
of  silver  and  bismuth,  if  present,  are  deposited  as  peroxides 
with  the  lead."" 

Further,  this  work  is  in  accord  with  the  results  of  the 
experiments  on  the  lead  accumulator,  referred  to  above.  It 
appears  to  establish  definitely  the  fact  that  the  product 
of  the  anodic  oxidation  of  lead  is  lead  peroxide,  which  con- 
tains no  higher  oxides. 

"  Olsen.  "Quantitative  Chemical  Analysis,"  222. 


The  Metric  System 

So  much  has  been  said  against  the  adoption  of  the  metric 
system  that  it  appears  desirable  to  advance  some  arguments 
in  favor  of  its  adoption.  The  following  statements  are,  therefore, 
quoted  from  a  "Summary  of  Arguments  in  Favor  of  Further 
Adoption  of  Metric  System,"  which  was  prepared  by  the  special 
committee  appointed  by  the  Chamber  of  Commerce  of  the 
United  States  to  consider  the  metric  system. 

1 — The  metric  system  of  weights  and  measures  is  now  firmly 
established  as  an  international  system,  either  through  its  legal 
adoption,  or  its  exchisive  or  permissive  use  for  standards,  by 
the  principal  nations  of  the  world.  Its  more  general  use  in  the 
United  States  is  therefore  advocated  to  promote  greater  inter- 
national uniformity,  and  in  the  hope,  if  that  be  accomplished, 
that  other  English-speaking  peoples  would  follow  the  lead  of  this 
country. 

2 — The  system  has  been  proved  to  be  satisfactory  in  the  United 
States  and  elsewhere  in  its  use  in  complicated  scientific  calcu- 
lations; and,  in  the  metric  countries,  adaptable  to  the  everyday 
trade,  and  to  industrial  and  educational  requirements  of  the 
people. 

3 — While  the  basis  for  the  units  of  the  metric  system  is,  of 
course,  arbitrary,  it  has  now  been  definitely  estabUshed,  and 
the  various  decimal  gradations  give  a  wide  choice  for  convenient 
designated  measurements  of  length,  weight  and  capacity,  adapt- 
able to  common  and  scientific  use.  Familiarity  with  such  terms 
as  the  pound  and  inch  is  largely  a  matter  of  habit,  and  it  is  be- 
lieved that  habit  would  also  make  the  use  even  of  the  decimal 
subdivisions  of  the  metric  system,  such  as  the  millimeter,  equally 
familiar  and  convenient. 

4 — The  basic  simplicity  of  the  system,  with  its  few  units, 
as  the  meter,  liter,  gram,  with  decimal  subdivisions,  makes  both 
teaching  and  learning  easy;  and,  in  trade,  makes  billing  and 
computation  simple.  During  the  period  of  transition,  when 
there  would  for  a  time  be  more  active  dual  relations  than  at  pres- 
ent, conversion  would  be  almost  automatic  through  the  use  of 
tables  of  equivalents. 

5 — An  arbitrary  imposition  of  any  system  of  weights  and 
measures,  without  a  reasonable  period  of  transition  or  the 
principle  of  exemption,  where  desirable  for  manufacture  or 
for  export  to  nonmetric  countries,  might  be  a  hardship.  A 
gradual  change  has  been  effected  in  most  metric  countries, 
and  it  is  beheved  that  such  change  was  accomplished  without 
hardship  and  without  such  heavy  expense  as  claimed  by  those 
opposed  to  its  adoption.  It  is  also  believed  that  greater  con- 
formity to  the  habits  of  metric  countries  would  tend  to  increase 
our  export  trade.  The  question  of  countervailing  imports  of 
manufactured  goods  and  raw  material  is  an  economic  subject 
quite  apart  from  the  question  at  issue. 

0 — The  relative  international  popularity  of  the  two  major 
systems  in  use  is  shown  by  the  number  of  nations  which  in  re- 
cent years  have  adopted  the  metric  system,  while  none  has 
formally  adopted  the  Briti.<;h-American  system,  although  in 
population  the  two  groups  are  about  equal.  (Since  1914, 
Poland,  Latvia,  Russia,  Japan,  Haiti,  and  Hsthonia  have  be-- 
come  metric.  ] 

A  pamphlet  entitled  "Uehling  COa  liquipinent"  has  been  pre- 
pared by  the  Uehling  Instrument  Comjiany  for  guiding  tlic 
engineer  and  tircman  in  reducing  the  waste  of  fuel  up  the  chim- 
ney. 
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The  Determination  of  Bromide  in  Brines  and  Mineral  Waters 


By  C.  C.  Meloche^  and  H.  H.  WiUard' 

Chemical  Laboratory,  University  of  Michigan.  Ann  Arbor,  Michigan 


A  detailed  study  has  been  made  of  the  various  factors  affecting 
the  separation  of  bromine  from  -very  large  amounts  of  chloride  by 
oxidation  with  excess  of  permanganate  and  a  carefully  regulated 
amount  of  hydrochloric  acid.  The  bromine  containing  a  little 
chlorine  after  absorption  in  alkali  is  reduced  and  precipitated  with 
sileer.  The  mixed  silver  halides  are  fused  in  chlorine  and  from 
the  loss  in  weight  the  amount  of  bromine  is  calculated. 

If  iodide  is  present  it  is  first  oxidized  to  iodate  by  permanganate 
in  alkaline  solution,  after  which  the  bromine  is  distilled  off  as  usual. 
The  iodate  remaining  may  be  determined  by  titration  with  thio- 
sulfate. 

The  method  as  finally  recommended  is  accurate  and  more  rapid 
than  other  methods  of  equal  accuracy.  It  is  suitable  for  brines  and 
similar  substances  and  very  large  samples  can  be  used. 

THE  accurate  quantitative  determination  of  small 
amounts  of  bromide  in  the  presence  of  large  amounts 
of  chloride  has  always  been  a  matter  of  considerable 
difficulty.  Most  of  the  methods  hitherto  suggested  seek, 
by  regulation  of  the  acidity  or  choice  of  the  oxidizing  agent 
or  both,  to  arrange  conditions  so  that  the  bromine  can  be 
Uberated  and  distilled  oif  while  the  chlorme  remains  in  the 
residue  as  chloride.  A  satisfactory  separation  is  possible 
when  the  concentration  of  chloride  is  low,  but  high  concen- 
tration of  chloride  renders  the  quantitative  separation  of 
small  amounts  of  bromine  in  one  operation  almost  impos- 
sible. For  this  reason,  it  is  advisable  to  carry  out  a  prelimi- 
nary concentration  process  with  a  strong  oxidizing  agent  and 
a  strong  acid,  making  certain  that  the  bromine  is  entirely 
recovered  along  with  some  chlorine.  The  bromine  in  the 
distillate  can  then  be  determined  with  precision. 

The  method  reconmiended  is  briefly  as  follows:  The  sam- 
ple of  brine,  somewhat  diluted  if  necessary,  is  treated  with  an 
excess  of  permanganate  and  hydrochloric  acid,  heated,  and 
the  bromine  renloved  by  means  of  a  current  of  air.  The 
bromine,  together  -nith  some  chlorine,  is  absorbed  in  sodium 
hydroxide  solution,  reduced  to  bromide  and  chloride,  prefera-  . 
bly  by  hydrazine  sulfate,  acidified  with  nitric  acid,  and  pre- 
cipitated by  means  of  silver  nitrate.  The  weight  of  bromine 
is  calculated  from  the  loss  in  weight  of  the  mixed  silver  halides 
on  ignition  in  chlorine. 

A  bibliography  on  the  determination  of  bromine  is  given 
by  Baughman  and  Skinner.'  The  work  of  Baubigny*  is  of 
particular  importance  in  the  present  case. 

Appahatus  and  Reagents 

The  apparatus  used  in  this  investigation  (Fig.  1)  consisted 
essentially  of  a  250-cc.  steam-jacketed  retort.  A,  a  10-bulb 
tube,  B,  a  saturator,  C,  a  flowmeter,  D,  a  pressure  regulator,  E, 
and  a  source  of  pure  compressed  air. 

The  retort  was  provided  with  the  air  inlet  tube,  o,  which 
was  ground  to  fit  and  extended  nearly  to  the  bottom.  The 
tubulus  was  bent  at  an  angle  of  about  80°  as  shown.  The 
shp  joint  between  the  tubulus  and  the  10-bulb  tube  was  ren- 
dered gastight  by  means  of  a  short  piece  of  rubber  tubing. 

The  air  current  before  entering  the  retort  passed  through 
a  soda-lime  tower,  not  sho■s^^^,  through  the  regulator,  the 

'  Received  September  13,  1921. 

*  Assistant  Professor  of  Analytical  Chemistry,  University  of  Michigan. 
»  Associate  Professor  of  Analytical  Chemistry,  University  of  Michigan. 
«  This  Journal,  11  (1919).  9.i4. 

•  Compl.  rend.,  126  (1S971.  .527;    128  (I&99),  1160,  1236. 


flowmeter,  and  the  saturator.  The  regulator  consisted  of  a 
long  tube,  6,  connected  with  the  main  air  line  and  dipping  in 
water  contained  in  a  tall  cylinder.  By  means  of  the  screw 
pinchcock  c  the  air  supply  was  so  regulated  that  a  little 
was  continually  escaping  through  b.  By  adjusting  the  level 
of  water  in  the  cylinder  the  pressure  could  be  fLxed  as  desired, 
and  in  this  way  the  rate  of  passage  of  the  air  could  be  main- 
tained at  any  definite  value  up  to  80  1.  per  hr.  For  high 
rates,  the  water  in  the  cylinder  was  partly  replaced  by 
mercury.  The  rate  of  passage  of  the  air  was  indicated  by 
the  flowmeter. 

The  saturator  was  a  steam-jacketed,  250-cc.  distillation 
flask  containing  2  g.  of  sodium  hydroxide  dissolved  in  about 
150  cc.  of  water.  The  inlet  tube  extended  nearly  to  the  bot- 
tom of  the  flask. 


Fig.  1 

The  10-bulb  tube  was  of  ordinary  dimensions,  each  bulb 
being  about  30  mm.  in  diameter  and  the  constricted  portions 
about  6.5  mm.  in  diameter. 

The  guard  tube  F,  containing  very  dilute  silver  nitrate 
solution,  a  little  hydrazine  sulfate,  and  a  few  drops  nitric 
acid,  served  to  detect  any  loss  of  halogen. 

The  standard  bromide  solution  was  made  by  dissolving  in 
distilled  water  specially  purified  potassium  bromide.'  The 
strength  of  the  solution  was  determined  by  precipitation  and 
weighing  of  fused  silver  bromide  and  also  by  determination 
of  the  loss  in  weight  of  the  silver  bromide  on  ignition  in 
chlorine.  The  results  obtained  by  the  two  methods  were  in 
close  agreement,  thus  proving  the  absence  of  appreciable 
amounts  of  chloride.  The  weight  of  bromine  per  gram  of 
solution  was  0.015787  gram. 

The  sodium  chloride  which  was  added  in  large  amounts  was 
Kahlbaum's  best  grade.  The  other  materials  used  were  of 
chemically  pure  grade.  When  traces  of  bromide  were  pres- 
ent they  were  determined  by  blank  analj^ses. 

Procedure 

In  the  experiments  hsted  in  Tables  I  to  VIII  the  retort  was 
charged  with  known  weights  of  standard  potassium  bromide 
solution  and  of  sodium  chloride,  the  weighed  excess  of  potas- 
sium permanganate  was  introduced,  the  solution  diluted,  and 
the  hydrochloric  acid  added  last,  the  total  volume  being  150  cc. 
for  aU  experiments.  The  air  inlet  tube  was  immediately 
inserted  and  the  retort  connected  with  the  10-bulb  tube 
which  contained  2  g.  of  sodium  hydroxide  dissolved  in  70  cc. 
or  more  of  water.  After  the  entire  apparatus  was  connected 
the  air  was  turned  on,  and  any  slight  adjustment  in  rate 
quickly  made.  The  steam  was  then  turned  on  under  the 
saturator  and  under  the  retort,  and  the  time  noted.  When  the 
operation  had  continued  the  desired  length  of  time,  the  air 

•  Prepaied  by  Dr.  R.  K.  McAlpine  for  use  in  atomic  weight  work. 
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stream  was  interruptod  most  satisfactorily  by  means  of  a 
screw  pinchcock  at  d.  Tlio  steam  and  air  sui)ply  were  then 
turned  off. 

After  the  10-bulb  tulje  had  been  disconnected  the  hypo- 
bromite  solution  containing  some  hypochlorite  was  trans- 
ferred to  a  500-cc.  glass-stoppered  Erlenmeyer  flask  and  re- 
duced by  adding  a  weighed  excess  of  hydrazine  sulfate  and 
swrling  the  flask.  The  solution  was  then  made  approxi- 
mately 0.2  N  with  nitric  acid  and  the  silver  bromide,  to- 
gether with  some  silver  chloride,  precipitated  and  washed  in 
the  manner  usually  prescribed  for  careful  work.  The  pre- 
cipitate contained  in  a  Gooch  crucible  supplied  with  a  Rose 
cover,  preferably  of  quartz,  was  first  thoroughly  dried  at 
about  180°,  then  raised  to  a  temperature  somewhat  above  the 
fusion  point  for  about  0.5  hr.  After  cooling  and  weighing, 
the  precipitate  was  heated  at  the  latter  temperature  in  a 
current  of  chlorine  for  about  1  hr.  with  occasional  tilting  of 
the  crucible.  After  cooling  and  weighing  again,  the  opera- 
tion was  repeated,  but  usually  without  a  noticeable  loss  in 
weight.  It  was  found  that  when  fine  asbestos  of  high  grade 
was  used  and  excessive  temperatures  avoided,  very  satis- 
factory results  could  be  obtained  without  transfer  of  the 
precipitate.  In  heating  the  Gooch  crucibles  to  the  liigher 
temperature,  an  outer  protecting  dish  was  always  provided. 
The  amount  of  bromine  was  calculated  from  the  loss  in  weight 
on  ignition  in  chlorine  by  use  of  the  factor  1.7976. 

After  preUminary  determination  of  the  approximate  con- 
ditions necessary,  the  effect  of  each  of  the  following  factors 
was  studied  separately:  (1)  Duration  of  passage  of  air;  (2) 
rate  of  passage  of  air;  (3)  concentration  of  permanganate; 
(4)  concentration  of  hydrochloric  acid;  (5)  the  amount  of 
chlorine  carried  over;  (6)  the  concentration  of  sodium  chlo- 
ride; (7)  the  concentration  of  bromide;  (8)  the  presence  of 
iodide;  (9)  the  character  of  the  reducing  agent;  (10)  the  pres- 
ence of  other  constituents  of  brine. 

Duration  of  Passage  of  Air 

Experiments  in  which  the  duration  of  the  passage  of  air 
was  varied  from  1.5  to  3  hrs.  were  run  at  a  rate  of  10  1.  per 
hr.  The  results  given  in  Table  I  show  that  when  the  rate  is 
as  low  as  10  1.  per  hr.,  the  recovery  of  bromine  is  scarcely 
quantitative  in  3  hrs.  It  was  later  demonstrated  (Table  III) 
that  the  bromine  could  be  entirely  recovered  in  30  min.  if  the 
rate  of  passage  of  the  air  was  suflaciently  increased. 

Table  I — Effect  of  Variation  in  Duration  of  Passage  of  Air 


Tabi,r  II — Effect  of  Increase  in  Rate  of  Passage  of  Air 


(Conditions  same  as  given  under  Table  I) 


Rate  =  10  1.  per  hr. 

NaCl  present  =  25.0  g.;  KMnOi  added  =  1.0  g.;  HCl  added' 
total  volume  of  solution  in  retort,  including  reagents  =  150  cc. 
Duration 


^  0.40  g.; 


of  Pas- 
sage of 

Air 
Hours 

1.5 

2.0 

3.0 


Bromine 
Present 
Grams 
0.2586 
0.2609 
0.2586 


Bromine 
Found 
Grams 
0.2549 
0.2589 
0.2580 


Error 

Grams 

-0.0037 

-0.0020 

-0.0006 


'  This  means  actual  HCl,  although  it  was  added  in  the  form  of  a  dilute 
solution. 

Rate  of  Passage  of  Air 

The  effect  of  increasing  the  rate  of  passage  of  the  air  is 
illustrated  by  the  experimental  results  given  in  Table  II. 
At  the  higher  rates,  the  recovery  is  more  nearly  complete  in 
a  given  length  of  time.  With  10-bulb  tubes  of  ordinary  di- 
mensions the  rate  can  be  increased  to  80  1.  per  hr.  without 
appreciable  loss  of  bromine.  This  fact  makes  possible  the 
complete  recovery  of  bromine  in  30  min.,  as  shown  in  Table 
III.  At  rates  above  80  1.  the  accumulation  of  liquid  in  the 
end  bulbs  is  likely  to  be  so  rapid  that  mechanical  loss  occurs 
before  the  end  of  the  experiment;  70 1.  per  hr.  is  a  convenient 
rate  for  accurate  work. 


Rate  of 
Passage 
of  Air 
L.  per 

Hr. 

10 

20 

30 

30 

40 


Duration 
of  Pas- 
sage of 
Air 
Min. 
120 
120 
120 
60 
60 


Bromine 
Present 
Grams 
0.2609 
0.2589 
0.2583 
0.2.583 
0.2.584 


Bromine 
Found 
Grams 
0.2589 
0.2580 
0.2576 
0.2574 
0.2580 


Error 
Grams 
-0.0020 
-0.0009 
-0.0007 
-0.0009 
-0.0004 


Table  III — Efficiency  of  Recovery  of  Bromine  at  Higher  Rates  of 
Passage  of  Air 
NaCl  present  =  25.0  g.;    KMnO)  added  =  0.5  g.;    HCl  added  =  0.3  g.: 
total  volume  of  solution  in  retort,  including  reagents  =  150  cc. 


Rate  of         Duration 


Passage 
of  Air 
L.  per 

Hr. 

50 

60 

70 

SO 


of  Pas- 
sage of 
Air 
Min. 
30 
30 
30 
30 


Bromine 
Present 
Grams 
0.2594 
0.2579 
0.2.591 
0.2588 


Bromine 
Found 
Grams 

0.2585 
0.2578 
0.2590 
0.2589 


Error 
Grams 
-0.0009 
-O.OOOI 
-0.0001 
-f  0.0001 


Concentration  of  Permanganate 


When  bromine  is  liberated  by  means  of  an  excess  of  potas- 
sium permanganate  in  hot,  slightly  acid  solution,  the  perman- 
ganate is  reduced  for  the  most  part  to  manganese  dio.xide. 
If  the  theoretical  amount  or  only  a  shght  excess  of  permanga- 
nate is  used  the  recovery  of  bromine  is  incomplete,  as  shown 
in  the  last  experiment.  Table  IV.  No  trouble  is  experienced, 
however,  when  a  moderate  or  even  a  rather  large  excess  is 
employed  as  in  the  first  three  experiments.  Sufficient  per- 
manganate has  been  added  if  at  the  end  of  the  distiUation  the 
liquid  in  the  retort  still  retains  a  deep  purple  color.  For 
amounts  of  bromine  up  to  0.26  g.,  0.5  g.  of  potassium  perman- 
ganate is  recommended. 

Table  IV — Effect  of  Change  of  Concentration  of  Potassium 

Permanganate 
Rate  of  passage  of  air  =  40  1.perhr.:  duration  of  passage  of  air  =  l.Ohr. 
NaCI  present  =  25.0  g.;  HCl  present  =  0.4  g.;  total  volume  of  solution 
in  retort,  including  reagents  =  150  cc. 


KMnOi 

Added 

Grams 

Bromine 
Present 
Grams 

Bromine 
Found 
Grams 

Error 
Grams 

5.0 
1.0 
0.5' 
0.2' 

0.2585 
0.2584 
0.25S1 
0.2.578 

0.2583 
0.2580 
0.2580 
0.2565 

-0.0002 
-0.0004 
-0.0001 
-0.0013 

'  Permanganate  almost  entirely  reduced. 
2  Permanganate  entirely  reduced. 

Concentration  op  Acid 

Increase  in  the  concentration  of  hydrogen  ion  favors  the 
liberation  of  bromine  but  at  the  same  time  favors  the  libera- 
tion of  chlorine.  The  concentration  of  acid  must  therefore 
be  carefully  regulated  if  an  exact  separation  is  being  at- 
tempted. Under  these  conditions,  however,  there  is  danger 
that  the  bromine  may  not  be  entirely  recovered.  The  au- 
thors have  therefore  used  a  strong  acid,  as  hydrochloric  acid, 
in  such  amounts  that  a  little  chlorine  is  liberated  along  with 
the  bromine.  The  recovery  of  all  the  bromine  is  insured  and 
the  small  amount  of  chlorine  carried  over  does  no  harm. 
Upon  examination  of  Table  V,  it  will  be  observed  that  when 
a  moderate  excess  of  acid  is  used  the  results  are  very  satis- 
factory but  when  a  slight  excess  only  is  employed  as  in  the 
fourth  experiment,  the  results  are  far  from  quantitative. 
From  0.3  to  0.4  g.  of  actual  hydrochloric  acid  is  recommended 
when  the  amount  of  bromine  present  does  not  exceed  0.26  g. 

Table  V — Effect  of  Change  in  Concentration  of  Hydrochloric  Acid 
Rate  of  passage  of  air  =  401.   pcrhr.;  duration  of  passage  of  air  ^  I  hr. 
NaCl  added  =  2.5.0  g.;    KMuOi  added  =  0.5  g. 
HCl  Bromine  Bromine 

Added  Present  Found  Error 

Grams  Grams  Grams  Grams 

0.4  0,2594  0.2.592  -0.0002 

0.3  0.2587  0.2588  -fO.OOOl 

0  2  0.2.580  0.2.585  -0.0004 

0.16  0.2589  0.2508  -0.0081 
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Chlorine  in  Distillate 

The  amount  of  chlorine  carried  over  in  the  course  of  re- 
moval of  the  bromine  increases  with  increase  in  concentration 
of  hydrogen  ion  and  of  the  oxidizing  agent.  When  these 
factors  remain  constant,  the  amount  of  chlorine  carried  over  de- 
creases with  increase  in  the  concentration  of  bromide,  as  shown 
by  the  first  three  experiments  in  Table  VI.  Even  the  maxi- 
mum amount,  which  in  any  case  does  not  much  exceed  0.2  g., 
exerts  no  harmful  effect.  The  only  additional  information 
needed  for  the  determination  of  chlorine  in  the  distillate  is  the 
weight  of  the  empty  crucible,  which  is  not  ordinarily  obtained 
if  bromine  alone  is  required  The  chlorine  derived  from  the 
sodium  hydroxide  should  of  course  be  subtracted.  In  each 
experiment  given  the  recovery  of  bromine  was  quantitative, 
as  shown  in  Table  VIII. 

Table  VI — Weight  op  Chlorine  in  Distillate  as  Affected  by  Concen- 
tration OP  Bromide 

Rate  of  passage  of  air  =  70  1.    per  hr,;   duration  of  passage  of  air  =  30 
min.,  except  in  last  experiment,  where  it  was  45  min. 

NaCl  present  =  25.0  g. ;    total  volume  of  solution,  including  reagents 
=  150  cc. 

HCI                  KMnO<               Bromine  Chlorine  in 

Added                 Added                  Present  Distillate 

Grams                Grams                  Grams  Grams 

0.3                      0.5                      0.0000  0.20821 

0.3                      0.5                      0.0108  0.1457 

0.3                      0.5                      0.0522  0.1020 

0.6                      1.0                      0.5154  0.2145 

0.6                      1.0                      0.5148  0.2138 
I  Average  of  two  determinations. 

Concentration  of  Sodium  Chloride 

The  presence  of  large  amounts  of  sodium  chloride  retards 
very  noticeably  the  separation  of  bromine.  Conditions 
which  are  satisfactory  for  the  quantitative  recovery  of  bro- 
mine when  other  salts  are  present  in  low  concentration  may 
prove  entirely  inadequate  when  the  concentration  of  other 
substances  is  high.  Having  observed  this  fact  in  prelimi- 
nary work,  practically  all  experiments  have  been  conducted 
with  sodium  chloride  present  in  high  concentration  in  order 
that  the  conclusions  reached  may  be  safely  applied  to  brine 
analysis.  The  retardation  of  the  evolution  of  bromine  when 
a  high  concentration  of  sodium  chloride  exists  is  due  probably 
to  the  formation  of  perhahde  and  to  the  lowering  of  the  vapor 
tension.  The  results  given  in  Table  VII  show  the  amount 
of  discrepancy  observed.  Low  results  had  previously  been 
obtained  in  the  case  of  Expt.  1  because  of  insufficient  perman- 
ganate, in  the  case  of  Expt.  3  because  of  insufficient  acid,  and  in 
the  case  of  Expt.  5  because  of  the  low  rate  of  passage  of  air, 
but  in  every  case  the  repetition  of  the  experiment  with  1.0  g. 
instead  of  25.0  g.  sodium  chloride  showed  a  material  improve- 
ment in  the  recovery  of  bromine. 

Table  VII — Effect  op  High  Concentration  of  Sodium  Chloride 
Total  volume  of  solution,  including  reagents  =  150  cc. 

Dura-  Rate 
tion  of     of 
Pas-     Pas- 


sage 

sage 

NaCl 

KMnOi 

HCI 

of 

of  Air 

Pres- 

Bromine Bromine 

xpt. 

Added 

Added 

Air 

L.per 

ent 

Present 

Found 

Error 

Grams 

Grams 

Hrs. 

Hr. 

Grams 

Grams 

Grams 

Grams 

I 

0.2 

0.4 

1.0 

40 

25 

0.2578 

0.2565 

-0.0013 

2 

0.2 

0.4 

1.0 

40 

1 

0.2.576 

0.2572 

-0.0004 

3 

0.5 

0.16 

1.0 

40 

25 

0.2589 

0.2508 

-0.0081 

4 

0.5 

0.16 

1.0 

40 

1 

0.2601 

0.2538 

-0.0063 

5 

1.0 

0.4 

2.0 

10 

25 

0.2609 

0.2589 

-0.0020 

6 

1.0 

0.4 

2.0 

10 

1 

0.2603 

0.2593 

-0.0010 

Concentration  of  Bromide 

Since  the  bromine  content  of  brines  and  bitterns  may  vary 
considerably,  it  is  important  that  the  method  used  should 
have  a  wide  range  of  appUcation.  The  results  given  in  Table 
VIII  were  obtained  with  amounts  of  bromine  varying  from 
0.01  to  0.50  g.  The  conditions  were  chosen  so  as  to  duplicate 
as  nearly  as  possible  those  recommended  by  the  authors  for 
an  actual  brine  analysis.    It  will  be  noted  that  the  errors  are 


small  and  the  method  very  accurate.  It  is  more  convenient 
to  work  with  samples  containing  0.25  g.  of  bromine  or  less, 
but  a  larger  amount  of  bromine,  e.  g.,  0.5  g.,  maybe  present, 
pro\'iding  the  requisite  excess  of  hydrochloric  acid  and  of  po- 
tassium permanganate  is  added  and  the  ignition  in  chlorine 
continued  somewhat  longer. 

Table  VIII — Effect  of  Varying  Concentration  of  Bromide 

Rate  of  passage  of  air  =  70  1.  per  hr.;  duration  of  passage  of  air  =  30 

min.,  except  in  last  experiment,  which  was  run  for  45  min.;  NaCl  present 
=  25.0  g. 

HCI                KMnOi              Bromine  Bromine 

Added              Added                Present  Found  Error 

Grams              Grams                Grams  Grams  Grams 

0.3                    0.5                    0.0000  0.0003  -fO.0003 

0.3                    0.5                    0.0108  0.0108  0.0000 

0.3                    0.5                    0.0522  0.0521  -0.0001 

0.3                    0.5                    0.2591  0.2590  -0.0001 

0.6                    1.0                    0.5154  0.5157  4-0.0003 

0.6                    1.0                    0.5148  0.5150  -f0.0002 

Presence  of  Iodide 

The  amount  of  iodide  present  in  a  natural  brine  is  often  so 
small  that  it  may  be  disregarded,  especially  if  the  permanga- 
nate is  added  first  to  the  neutral  solution  and  the  acid  added 
last.  If  desired,  the  iodine  can  be  distilled  over  with  the 
bromine.  In  this  case  the  acid  is  added  first  and  the  perman- 
ganate last,  to  avoid  oxidation  to  iodate.  The  iodine  is  then 
determined  in  a  separate  sample  and  the  proper  correction  ap- 
pUed  to  the  loss  in  weight  on  ignition  in  chlorine  before  the 
bromine  is  calculated.  When  significant  amounts  of  iodide  are 
present  the  bromine  may  be  directly  determined  and  the 
necessity  for  the  determination  of  iodine  avoided  by  the  fol- 
lowing modification: 

The  sample  of  brine  is  made  distinctly  alkaline,  treated 
with  an  excess  of  permanganate,  and  boiled  to  convert  iodide 
to  iodate.  After  cooUng,  the  customary  excess  of  acid  is  added 
and  the  determination  finished  as  usual.  If  an  excess  of 
permanganate  is  present  during  the  entire  operation  the 
iodine  remains  in  the  form  of  iodate  and  the  interference  of  io- 
dide is  effectively  eUminated,  as  the  results  in  Table  IX  show. 

Table  IX — Effect  op  Presence  op  Iodide  on  Determination  of 
Bromine 
Rate  of  passage  of  air  =  70  1.  per  hr.;   duration  of  passage  of  air  =  30 
min. 

NaCl  present  =  20.0  g.;  wts.  KMnOi  and  HCI  calculated  as  explained 
above. 


Iodine  Iodine 

Present  Found 

Grams  Grams 

0.0659  0.0655 

0.1243  0.1250 


Bromine  Bromine 

Error  Present  Found  Error 

Grams  Grams  Grams  Grams 

-0.0004    0.2582  0.2585  -1-0.0003 

-1-0.0007    0.2572  0.2575  -1-0.0003 


The  experiments  there  given  were  conducted  as  follows:  The 
neutral  solution  containing  bromide,  iodide,  and  a  large  ex- 
cess of  chloride  was  treated  with  sufficient  sodium  hydroxide 
(about  0.1  g.)  so  that  the  green  color  of  the  manganate  de- 
veloped when  the  permanganate  was  added  in  the  cold. 
The  amount  of  potassium  permanganate  added  was  shghtly 
more  than  the  weight  calculated  to  oxidize  iodide  to  iodate 
plus  the  usual  0.5  g.  for  the  Uberation  of  bromine.  After 
boiling  for  2  min.  the  solution  was  cooled  and  an  amount  of 
hydrochloric  acid,  slightly  more  than  sufficient  to  neutralize 
the  added  alkaU  and  the  alkali  formed  on  reduction  of  the 
permanganate  by  iodide,  was  introduced,  in  addition  to  the 
0.3  g.  of  hydrochloric  acid  usually  used.  After  diluting  to 
150  cc.  the  bromine  was  removed  by  a  current  of  air  in  the 
usual  way. 

The  residue  in  the  retort  was  used  for  the  determination  of 
iodine  by  the  method  of  Baughraan  and  Skinner,'  modified 
as  follows:  The  solution  after  dilution  was  treated  with 
sufficient  sodium  peroxide  to  reduce  the  permanganate, 
boiled  for  10  min.  or  more  to  remove  any  excess  of  peroxide, 
and  filtered  from  the  precipitate  of  manganese  dioxide.  The 
iodine  which  remained  in  the  form  of  iodate  was  determined 
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by  adding  the  neutralized  solution  to  an  excess  of  potassium 
iodide  solution  containing  hydrochloric  acid.  The  Uberated 
iodine  was  titrated  with  standard  sodium  thiosulfate  in  the 
usual  manner.  Since  six  atoms  of  iodine  are  liberated  for 
every  atom  of  iodine  originally  present,  the  method  is  well 
adapted  for  the  determination  of  small  amounts  of  iodine. 

Rbducino  Agent 

The  quantitative  absorption  of  bromine  vapor  from  its  mix- 
ture with  air  by  means  of  dilute  alkali  presents  no  difficulties 
whatever,  as  shown  in  discussing  the  rate  of  passage  of  air. 
The  resulting  solution,  however,  contains  hypobromite  and 
hypochlorite  which  must  be  reduced  before  the  ordinary 
gravimetric  method  can  be  applied.  In  the  experiments  pre- 
viously described  reduction  has  been  accompUshed  by  means 
of  hydrazine  sulfate.  This  reagent  is  ideal  in  almost  every 
respect.  It  reduces  hypobromite,  hypochlorite,  bromate,  and 
chlorate  almost  instantaneously  in  the  cold.  The  excess  is 
without  reducing  action  on  silver  nitrate  or  dilute  nitric  acid 
and  therefore  need  not  be  removed.  It  is  easily  purified  by 
recrystallization.  The  substance  is,  however,  somewhat  ex- 
pensive and  not  always  obtainable. 

Of  the  more  common,  reducing  agents,  sodium  peroxide 
and  possibly  ammonium  hydroxide  are  preferable  to  sul- 
furous  acid  which  is  sometimes  used.  Boiling  is  required  in 
both  instances  and  the  solution  must  be  cooled  again  before 
nitric  acid  can  be  added.  Neither  of  the  reagents  is  effec- 
tive for  the  reduction  of  bromates  and  chlorates,  should  these 
be  present.  The  results  given  in  Table  X  were  obtained  when 
these  reagents  were  substituted  for  the  hydrazine  sulfate. 
For  the  first  experiment  2.0  g.  of  sodium  peroxide  were  slowly 
hydrated,  then  added  to  the  hypobromite-hypochlorite  mix- 
ture and  the  alkahne  solution  boiled  for  15  min.  In  the 
second  experiment  an  excess  of  ammonium  hydroxide  was 
added  and  the  solution  boiled  for  5  min. 

Tabub  X — Efficiency  of  Other  Reagents  for  Reduction  of  Hypo- 
bromite 

(Conditions  otherwise  the  same  as  for  first  four  experiments,  Table  VIII) 

Bromine  Bromine 

Present  Found  Error 

Reagent  Grams  Grams  Grams 

NaiOj  0.2577  0.2577  0.0000 

NHjOH  0.2581  0.2574  -0.0007 

Effect  of  Other  Constitxtents  of  Brine 

To  learn  the  effect  of  other  constituents  of  brine,  synthetic 
brines  were  prepared  containing  large  amounts  of  sodium 
chloride,  calcium  chloride,  and  magnesium  chloride  together 
with  a  small  amount  of  ferric  chloride  and  a  carefully  de- 
termined weight  of  potassium  bromide.  During  analysis  the 
rate  of  evolution  of  chlorine  and  bromine  was  noticeably  in- 
creased, as  a  result  of  the  catalytic  effect  of  ferric  chloride. 
To  avoid  a  sUght  loss  at  the  beginning  of  the  operation,  the 
saturator  was  not  heated  for  the  first  5  or  10  min.  The  de- 
termination of  bromine  gave  very  satisfactory  results,  as 
shown  in  Table  XI. 

Table  XI — Determination  of  Bromine  in  Synthetic  Brine 

Other  constituents:  NaCI  =  20.0  g.;  anhyd.  CaCli  =  2.5  g.;  anhyd. 
MgCls  =  2.5  g.;  anhyd.  FeCIs  =  0.048  g.;  other  conditions  same  as  for 
first  four  experiments.  Table  VIII 

Bromine  Bromine 

Present                  Found  Error 

Grams                    Grams  Grams 

0.2573                    0.2568  -0.0005 

0.2101                   0.2098  -0.0003 

The  presence  of  considerable  calcium  and  magnesium  is 
ordinarily  without  marked  effect,  as  the  experimental  results 
show,  but  when  significant  amounts  of  iodide  are  also  present 
and  it  is  desired  to  use  the  modification  previously  described, 
complications  are  introduced.  When  the  solution  is  made 
alkaline  preparatory  to  the  oxidation  of  iodide  to  iodate,  the 


mixed  precipitate  of  magnesium  hydroxide,  calcium  hydrox- 
ide, and  calcium  carbonate  obtained  is  inconveniently  bulky. 
If  sufficient  alkali  is  added  to  precipitate  only  part  of  the 
magnesium,  loss  of  bromine  is  likely  to  occur  on  boiling.  Un- 
der these  conditions  it  is  advisable  to  remove  the  iron,  calcium, 
and  magnesium  as  explained  below. 

Determination  of  Bromine  in  Natural  and  .  Artificial 
Brines 

procedure  in  absence  of  iodides — A  sample  of  brine 
containing  not  more  than  0..3  to  0.5  g.  of  combined  bromine, 
and  in  any  case  not  more  than  100.0  g.  of  concentrated  brine, 
is  transferred  to  the  retort.  According  to  the  amount  of 
bromine  present,  0.5  to  1.0  g.  of  potassium  permanganate  is 
added  in  the  cold.  Before  adding  the  acid  the  10-bulb  tube 
is  charged  with  a  solution  containing  2.0  g.  of  sodium  hy- 
droxide "from  sodium"  in  80  cc.  of  water  and  the  apparatus 
is  otherwise  placed  in  readiness.  Hydrochloric  acid  (best 
in  the  form  of  a  dilute  solution)  is  added  to  the  brine  in 
sufficient  amount  to  provide  0.3  to  0.6  g.  of  free  HCl,  de- 
pending on  the  amount  of  bromine  present.  After  dilution 
to  150  cc,  the  apparatus  is  immediately  connected  up  and 
the  analysis  finished  as  already  described. 

procedure  when  iodides  are  present — A  sample  of 
brine  containing  at  the  most  0.5  g.  of  combined  bromine,  0.2  g. 
of  combined  iodine,  and  such  amounts  of  iron,  calcium,  and 
magnesium  that  the  removal  of  these  elements  can  be  conven- 
iently accomphshed,  is  diluted  and  treated  hot  with  an  excess 
of  sodium  hydroxide  and  sodium  carbonate.  After  filtration 
and  washing  the  filtrate  is  neutraUzed,  concentrated  to  100 
cc,  made  alkaline  to  the  extent  of  0.1  g.  of  free  sodium  hy- 
droxide, and  transferred  to  the  retort.  A  slight  excess  of 
potassium  permanganate  above  that  required  to  oxidize 
iodide  to  iodate  plus  the  usual  0.5  to  1.0  g.  is  added  in  the  cold 
without  stirring.  If  the  green  color  of  manganate  develops, 
conditions  are  satisfactory  for  the  complete  oxidation  of 
iodide  to  iodate.  If  the  green  color  does  not  appear,  either 
the  concentration  of  iodide  is  very  low  or  insufficient  alkali 
has  been  added.  The  odor  of  halogen  indicates  that  in- 
sufficient alkali  is  present.  The  .solution  Ls  boiled  for  2  min., 
noting  the  odor  at  first  to  make  sure  that  no  halogen  is  lost, 
then  cooled.  Sufficient  hydrochloric  acid  is  added  to  pro- 
vide the  usual  0.3  to  0.6  g.  of  free  HCl  and  the  analysis  fin- 
ished as  above  directed.  As  much  as  100  g.  of  strong  brine 
may  be  used  as  a  sample,  providing  the  conditions  as  first 
stated  are  complied  with.  If  desired,  the  residue  in  the  re- 
tort may  be  used  for  the  determination  of  iodine  as  previously 
described. 

Determination  of  Bromine  in  Mineral  W.\tbrs 

A  sufficiently  large  volume  of  the  mineral  water  should  be 
evaporated  to  give  a  total  bromine  content  of  several  milli- 
grams, if  possible.  Larger  volumes  may  be  evaporated  if 
greater  accuracy  is  desired.  The  concentrated  solution  or 
the  residue  taken  up  with  a  little  hydrochloric  acid  is  then  ana- 
lyzed for  bromine  by  the  method  above  described  for  brines. 


The  Council  of  the  Optical  Society  of  America  has  decided 
to  hold  an  optical  instrument  exhibit  during  the  aimual  meeting 
of  the  Society  at  the  Bureau  of  Standaids,  Washington,  D.  C, 
next  October.  To  enable  the  exhibit  committee  to  plan  the 
space  adequately  and  assign  it  equitably,  it  requests  those 
interested  to  submit  the  following  information:  What  instru- 
ments are  ofTered  for  exhibition?  How  much  floor  space  would 
be  necessary?  What  additional  facilities  other  than  space 
will  be  needed?  When  the  information  is  at  hand  the  exhibit 
committee  will  notify  the  prospective  exhibitors  of  the  amount 
of  space  allotted  to  them,  and  will  see  that  the  general  labora- 
tory facilities  necessary  are  provided.  The  exhibitors  will  in- 
stal  their  own  exhibits  and  meet  the  expenses  incident  thereto. 
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Notes  on  the  Analysis  of  Cast  Bronze' 

By  G.  E.  F.  LundeU  and  J.  A.  Scherrer 

Bureau  of  Standards,  Department  of  Commerce,  Washington,  D    C. 


Many  of  the  observations  which  are  noted  in  the  following  pages 
are  l^nown,  but  they  merit  repetition  because  they  represent  desirable 
procedures  and  precautions  which  are  often  ignored.  The  method  of 
analysis  which  is  given  is  based  on  worli  done  at  the  Bureau  of  Stand- 
ards and  by  the  cooperating  analysts.  It  embodies  nothing  that  is 
new,  but  possesses  merit  in  that  it  groups  desirable  procedures  and 
tak.es  into  account  the  known  sources  of  error. 

MOST  of  the  Observations  contained  in  this  paper  were 
made  in  connection  with  the  analysis  of  the  Bureau 
of  Standards  standard  sample  of  Cast  Bronze  No.  52. 
This  bronze  was  chQl-cast  in  1  in.  X  12  in.  X  24  in.  slabs 
under  the  supervision  of  Mr.  P.  E.  McKinney  at  the  Naval 
Gun  Factory,  Washington,  D.  C,  and  subsequently  machined 
and  mixed  at  the  Bureau.  Preliminary  analyses  demon- 
strated that  the  mixed  sample  was  remarkably  uniform  in 
composition  and  that  it  was  free  from  arsenic  and  phosphorus. 
The  general  composition  of  the  bronze  was  fixed  by  the  Ad- 
visory Committee  on  Nonferrous  Metals  and  the  actual  com- 
position as  determined  at  the  Bureau  and  by  the  cooperating 
analysts  is  as  foUows:  copper,  88.33;  tin,  7.90;  zinc,  1.89; 
lead,  1.52;  antimony,  0.16;  nickel,  0.13;  and  iron,  0.12. 
The  following  firms  cooperated  with  the  Bureau  of  Standards 
in  its  analysis:  • 


The  American  Brass  Co. 
Bridgeport  Brass  Co. 
Scovill  Manufacturing  Co. 
The  Ajax  Metal  Co. 
National  Lead  Co. 
Lumen  Bearing  Co. 
Lunkenheimer  Co. 


The  National  Cash  Register  Co. 

Crane  Company 

Ledoux  and  Co. 

A.  D.  Little,  Inc. 

Pennsylvania  Railroad  System 

C.  B,  &  Q.  Railroad  Co. 

Naval  Gun  Factory.  Washington,  D.  C. 


Notes  on  the  Methods  of  Analysis 

separation  ok  tin  and  antimony  by  digestion  with  nitric 
ACID — In  this  universally  employed  separation,  the  following 
observations  are  worthy  of  note: 

(1)  Hot  digestion  of  the  nitric  acid  solution  of  the  alloy  for 
3  to  6  hrs.  is  desirable  and  it  is  imperative  to  keep  the  solution 
and  the  washing  solution  boiling  hot  throughout  the  filtering  oper- 
ation 

(2)  Evaporation  of  the  nitric  acid  solution  to  dryness  followed 
by  drenching  and  digestion  with  nitric  acid  is  not  necessary  with 
alloys  containing  only  tin  or  ten  times  as  much  tin  as  antimony. 
The  operation  does  no  harm,  however,  and  is  desirable  with  al- 
loys of  high  antimony  content,  although  in  this  case  complete 
deposition  of  antimony  is  impossible. 

(3)  Other  elements  like  phosphorus,  arsenic  and  vanadium  are 
quantitatively  carried  down  with  tin.  provided  the  ratio  of  tin 
to  these  elements  is  high  enough;  in  addition,  the  tin  precipi- 
tate always  carries  down  more  or  le^s  of  such  other  alloy  con- 
stituents as  iron,  copper,  zinc,  and  silicon. 

(4)  The  complete  separation  of  tin  and  antimony  is  often  a 
matter  of  doubt,  owing  to  such  factors  as  the  presence  of  con- 
siderable iron  (over  0.25  per  cent),  the  presence  of  considerable 
antimony,  too  short  a  digestion  period,  or  the  acceptance  of  a 
filtrate  which  is  not  crystal-clear. 

DETERMINATION  OF  COPPER^(I)  Equally  good  determina- 
tions are  obtained  by  slow  electrolysis  and  by  rapid  electrolysis 
in  a  solenoid  apparatus  or  with  rotating  cathodes. 

(2)  Traces  of  copper  (0.1  to  0.3  mg.)  escape  deposition  in 
carefully  conducted  electrolyses  and  no  advantage  is  ordinarily 
gained  by  redeposition.  In  fact  a  mechanical  loss  may  result, 
if  the  first  deposit  is  dissolved  without  using  proper  precautions. 

(3)  If  tin  or  antimony  in  the  ionic  state  is  present  in  the 
electrolyte,  it  will  be  deposited  to  some  extent  with  the  copper 
and  consequently  the  deposit  should  be  examined  for  these 
elements. 

'  Received  February  3.  1922. 

'  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 


DETERMINATION  OF  TIN — (1)  Gravimetric  determinations  of 
tin  as  oxide  average  higher  than  determinations  by  other 
methods  and  require  correction  for  antimony  (and  such  other 
elements  as  phosphorus  and  arsenic)  as  separately  determined, 
and  for  such  contaminants  as  iron,  copper,  zinc,  and  silicon  as 
obtained  either  by  actual  determination  and  deduction  or  by 
separation  and  reprecipitation  of  the  tin  and  antimony. 

(2)  Stannic  oxide  and  antimony  tetroxide  are  very  easily  re- 
duced and  consequently  all  reducing  gases  must  be  very  carefully 
excluded  during  the  ignition,  which  is  best  performed  in  a  porce- 
lain crucible  set  in  a  hole  in  an  asbestos  shield.  When  so  protected 
the  oxides  will  stand  the  full  blast. 

(3)  Ignited  tin  and  antimony  oxides  can  be  conveniently  put 
in  solution  by  fusion  in  a  platinum  crucible  (with  occasional 
stirring  with  a  short  platinum  rod)  with  fused  borax  followed  by 
digestion  of  the  cooled  melt  in  warm,  dilute  hydrochloric  acid. 
The  solution  can  then  be  tested  for  impurities  by  treating  the 
solution  with  an  excess  of  potassium  hydroxide  and  hydrogen 
sulfide. 

(4)  The  electrolytic  method  affords  erratic  values,  sometimes 
low,  owing  perhaps  to  the  lack  of  a  suitable  test  for  complete 
deposition,  and  sometimes  high,  owing  to  inclusions;  this  latter 
effect  is  often  corrected  by  "blank"  electrolyses. 

(5)  The  iodometric  method  yields  excellent  results,  pro- 
vided the  iodine  solution  is  standardized  under  like  conditions 
against  material  of  known  tin  content;  the  tin  titer  so  ob- 
tained is  higher  than  the  theoretical.  The  method  is  also  re- 
markably free  from  interfering  factors,  the  ordinary  alloy  con- 
stituents, as  well  as  antimony  and  arsenic,  being  without  effect. 

DETERMINATION  OF  ANTIMONY — (1)  Gravimetric  determina- 
tions of  antimony  as  Sb204  or  SbjSa  tend  to  give  high  values, 
owing  in  part  to  the  difficulty  in  completely  removing  contami- 
nating impiuities.  As  noted  under  the  determination  of  tin, 
SbjOt  is  very  easily  reduced;  SbjSs  cannot  be  satisfactorily  ig- 
nited in  paper. 

(2)  An  accurate  and  desirable  method  is  the  modified  Low  pro- 
cedure (oxidation  of  antimony  from  the  trivalent  to  the  quin- 
quevalent  condition  by  permanganate  in  cold  hydrochloric- 
sulfuric  acid  solution).  The  titer  of  the  permanganate  solution 
obtained  by  titration  against  a  compound  of  known  antimony 
content  is  higher  than  that  obtained  by  calculation  from  the 
iron  value.  The  only  interfering  substance  encotmtered  in  ordi- 
nary materials  is  arsenic.  Fortunately  this  is  usually  absent  or 
present  in  such  small  amount  that  a  satisfactory  correction  can 
be  calculated  from  the  amount  present. 

DETERMINATION  OF  LEAD — (1)  The  electrolytic  method  yields 
accurate  results  when  but  small  amounts  of  lead  are  involved 
and  when  the  electrolyte  is  free  from  such  interfering  substances 
as  manganese  and  colloidal  metastannic  acid. 

(2)  The  sulfate  method  is  to  be  preferred  when  large  amounts 
of  lead  are  involved  or  when  the  electrolyte  contains  manganese 
or  tin. 

(3)  There  is  no  apparent  advantage  in  precipitating  lead  as 
sulfate  and  then  dissolving  it  in  ammoniun  acetate  and  repre- 
cipitating  as  chromate  or  molybdate. 

DETERMINATION  OF  ZINC — (1)  Equally  good  results  are  ob- 
tained by  the  precipitation  of  ZnS  from  formic  acid  or  0.01  N 
sulfuric  acid  solutions. 

(2)  The  precipitation  of  zinc  sulfide  or  phosphate  is  incom- 
plete in  the  presence  of  glyoxime  reagent. 

(3)  The  precipitation  of  zinc  as  phosphate  must  be  made  with 
diammonium  phosphate  in  very  weak  acetic  acid  solution,  and 
the  solution  must  be  kept  warm  imtil  the  phosphate  becomes 
crystalline. 

(4)  The  conversion  of  zinc  sulfide  to  sulfate  requires  care  in 
order  to  drive  off  excess  sulfuric  acid  without  loss  of  sulfur  tri- 
oxide  from  the  sulfate. 

(5)  The  ignition  of  zinc  sulfide  to  zinc  oxide  must  be  carried 
out  at  a  low  initial  temperature  until  carbon  is  destroyed,  lest 
there  be  a  reduction  and  volatilization  of  zinc;  a  final  tempera- 
tiu'e  of  850°  C.  is  required  to  convert  completely  to  oxide  the 
sulfate  which  is  formed,  and  a  temperature  above  950°  C.  must 
be  avoided  on  account  of  the  volatility  of  zinc  oxide. 
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DETERMINATION  OF  IRON — (1)  The  greatest  source  of  error 
lies  in  ignoring  the  iron  which  is  always  carried  down  by  tin  and 
antimony  during  a  nitric  acid  attack;  frequently  all  of  the  iron 
is  carried  down. 

(2)  In  gravimetric  determinations  corrections  should  be  ap- 
plied for  silica  and  the  possibility  of  the  presence  of  such  ele- 
ments as  aluminium  borne  in  mind. 

(3)  In  volumetric  work  corrections  as  indicated  in  blank  de- 
terminations should  be  applied.  It  is  to  be  remembered  that 
Jones  reductors  always  give  a  greater  blank  in  the  first  run  after 
disuse  for  a  short  period,  and  that  solutions  which  have  been 
treated  with  hydrogen  sulfide  contain  oxidizable  polythionic 
acids  which  must  be  destroyed  by  permanganate  before  final  re- 
duction with  zinc  or  stannous  chloride. 

DETERMINATION  OF  NICKEL — (1)  For  Small  amounts  of  nickel 
the  glyoxime  method  is  unquestionably  the  most  desirable. 
The  glyoxime  should  be  added  to  the  hot  acid  solution  which  is 
then  made  ammoniacal.  This  results  in  quicker  precipitation 
with  small  amounts  of  nickel  than  is  obtained  by  reversing  the 
procedure  and  the  precipitate  is  more  easily  filtered.  Digestion  of 
the  warm  solution  for  one  to  two  hours  before  filtration  is  de- 
sirable and  hot  water  is  the  most  satisfactory  wash. 

(2)  In  case  nickel  dimethylglyoxime  is  ignited  to  the  oxide, 
care  must  be  taken  to  prevent  sublimation  of  the  undecomposed 
salt. 

(3)  The  electrolytic  method  tends  to  give  high  values  with 
small  amounts  of  nickel,  owing  in  part  to  solution  of  the  anode 
and  partial  deposition  of  platinum  on  the  cathode. 

Method  of  Analysis 

The  most  attractive  method  for  the  analysis  of  this  type  of 
material  lies  in  a  nitric  acid  attack  followed  by  digestion  and  fil- 
tration to  separate  tin  and  antimony  from  the  other  elements. 
It  is  apparent,  from  what  has  been  said,  that  the  nitric 
acid  filtrate  must  be  examined  for  tin  and  antimony,  whUe 
the  nitric  acid  precipitate  must  be  worked  over  for  such  con- 
taminating elements  as  iron,  copper,  and  zinc. 

The  following  method  calls  for  a  nitric  acid  attack  on  two 
samples  of  bronze.  In  one  sample,  tin  and  antimony  are 
filtered  off,  washed  shghtly,  reserved,  and  then  combined 
with  any  tin  or  antimony  recovered  from  the  filtrate.  The 
tin  and  antimony  are  then  put  into  sulfuric  acid  solution, 
the  antimony  is  determined  by  titration  with  permanga- 
nate in  the  presence  of  hydrochloric  acid,  and  the  tin  after- 
wards determined  iodometrically  in  the  same  solution  after 
reduction  with  test  lead  in  an  atmosphere  of  carbon  dioxide. 
In  the  second  sample,  tin  and  antimony  are  filtered  off, 
washed  slightly,  the  filtrate  is  reserved,  and  then  combined 
with  a  nitric  acid  solution  of  any  contaminants  recovered  from 
the  tin  and  antimony.  Copper  and  lead  are  then  determined 
electrolytically.  Zinc  is  thrown  out  in  the  electrolyte  as 
sulfide  in  0.01  A^  sulfuric  acid  solution  and  ignited  to  oxide. 
Iron  is  then  precipitated  twice  by  ammonia  and  weighed  as 
oxide.  Finally  nickel  is  thrown  out  and  weighed  as  nickel 
dimethylglyoxime.  It  is  thus  apparent  that  the  method 
calls  for  volumetric  determinations  of  antimony  and  tin,  the 
simultaneous  electrodeposition  of  copper  and  lead,  and 
gravimetric  determinations  of  zinc,  iron,  and  nickel.  As 
is  shown,  the  gravimetric  determination  of  lead  and  volu- 
metric determinations  of  zinc,  iron,  and  nickel  can  be  sub- 
stituted without  changing  the  main  procedure. 

Gravimetric  methods  for  tin,  antimony,  and  lead  arc  not 
favored,  in  spite  of  the  desirability  of  finally  having  in  an  anal- 
ysis a  compound  which  may  be  seen  and  tested.  The  grav- 
imetric method  for  tin  as  Sn02  is  not  specified  on  account  of 
the  impure  character  of  the  precipitate  and  the  necessity  of 
attempting  corrections  which,  in  the  hands  of  novices, 
usually  introduce  greater  errors  than  would  the  impurities. 
The  volumetric  method  for  antimony  is  preferred,  in  spite 
of  the  small  amount  present,  on  account  of  its  rapidity  and  an 
accuracy  equal  to  if  not  greater  than  that  obtainable  by  ordi- 
nary care  in  a  gravimetric  determination  as  SbjO*  or  SbjSs. 


The  electrodeposition  of  lead  is  preferred  in  the  absence  of 
manganese  and  with  the  small  amounts  of  lead  involved, 
on  account  of  the  ease  and  rapidity  of  the  method;  there  is 
no  reason  why  lead  cannot  be  separated  and  weighed  as 
PbS04  prior  to  the  electrodeposition  of  copper. 

Determination  of  Antimony  and  Tin 

Digest  3  g.  of  the  sample  with  50  cc.  of  nitric  acid  (sp.  gr. 
1.2)  until  decomposition  is  complete,  boU  to  expel  oxides  of 
nitrogen,  dilute  with  150  cc.  of  hot  water,  and  digest  for  3  or 

4  hrs.  on  the  steam  bath.  Filter,  keeping  the  solution  hot, 
through  a  filter  of  close  texture,  and  wash  a  few  times  with 
hot  dilute  nitric  acid  (1  per  cent  by  volume).  Reserve  the 
precipitate.  Nearly  neutralize  the  filtrate  with  ammonia, 
pour  the  solution  while  stirring  into  an  excess  of  ammonium 
sulfide,  and  digest  at  the  side  of  the  steam  bath  for  an  hour. 
Filter,  wash  shghtly  with  water  containing  a  little  ammonium 
sulfide,  and  discard  the  precipitate.  Acidify  the  filtrate  with 
hydrochloric  acid  added  in  sUght  excess  and  digest  at  the 
side  of  the  steam  bath  until  the  sulfur  and  sulfides  settle. 
rUter,  wash  the  residue  with  acidulated  hydrogen  sulfide 
water,  and  combine  the  paper  and  its  contents  with  the  re- 
served precipitate.' 

antimony — Place  the  papers  and  precipitates  in  a  500-cc. 
Erlenmeyer  flask  and  add  25  cc.  of  nitric  acid  (sp.  gr.  1.42), 

5  g.  of  ammonium  persuKate,  and  15  cc.  of  sulfuric  acid 
(sp.  gr.  1.84).  BoU  until  strong  fumes  of  sulfuric  acid  es- 
cape. If  the  solution  is  brown,  cool,  and  add  5  cc.  of  nitric 
acid  and  1  g.  of  persulfate,  and  boil  again  until  strong  fumes 
appear.''  Cool,  dilute  to  40  cc,  add  0.5  to  1.0  g.  of  sodium 
sulfite  to  reduce  all  of  the  antimony  to  the  trivalent  state, 
and  boU  until  sulfur  dioxide  is  expelled.  Add  200  cc.  of 
distiUed  water,  20  cc.  of  hydrochloric  acid  (sp.  gr.  1.19), 
cool  to  about  10°  C,  and  titrate  with  a  standard  solution  of 
permanganate*  to  a  pink  tint  which  persists  for  10  sec. 
The  titration  should  be  corrected  by  a  blanlc  determination 
(usually  amounting  to  about  0.06  to  0.08  cc.  of  0.1  A''  per- 
manganate solution)  carried  out  on  a  filter  paper  carried 
through  all  of  the  steps  of  the  determination.* 

TIN — Pour  the  titrated  solution  into  a  500-cc.  Erlenmeyer 
flask,  add  80  cc.  of  hydrochloric  acid  (sp.  gr.  1.19),  and  insert 
a  3-hole  stopper  carrying  gas  inlet  and  outlet  tubes,  and  hav- 
ing the  third  hole  closed  by  a  small  stopper.  It  is  advisable 
to  use  an  air  condenser  about  15  to  20  cm.  in  length  in  the 

'  In  case  the  alloy  does  not  contain  much  iron  or  antimony  the  above 
recovery  may  be  safely  omitted  in  routine  analyses. 

*  This  method  of  attack  was  used  with  success  by  the  American  Brass 
Company.  At  this  Bureau  the  paper  and  precipitate  are  placed  in  a  Kjel- 
dahl  flask,  treated  with  2  to  4  g.  potassium  sulfate  and  20  cc.  of  sulfuric 
acid,  and  heated  as  in  a  nitrogen  determination  to  complete  solution  of  the 
sample  and  the  destruction  of  organic  matter. 

•  The  permanganate  solution  should  contain  approximately  3.16  g.  po- 
tassium permanganate  per  liter.  The  theoretical  antimony  titer  (approx- 
imately 0.006)  as  calculated  by  standardization  against  oxalate  may  be 
used,  although  it  is  preferable  when  dealing  with  an  alloy  of  high  antimony 
content  or  in  accurate  work  to  standardize  under  like  conditions  against  ma- 
terial of  known  antimony  content, 

'  This  determination  is  subject  to  interference  by  arsenic  and  vanadium. 
So  far  as  is  known  to  the  authors,  vanadium  is  not  employed  in  this  class  of 
material.  Its  presence  could  be  easily  detected  by  a  hydrogen  peroxide 
test  of  the  titrated  solution  and  its  interference  avoided  by  precipitating 
tin  and  antimony  by  hydrogen  sulfide  in  acid  solution,  filtering,  and  then 
putting  the  sulfides  into  sulfuric  acid  solution.  As  regards  the  interference 
of  arsenic,  its  prior  removal  is  attended  by  uncertainty  and  by  danger  of 
volatilizing  tin  and,  particularly,  antimony.  Therefore  with  the  small 
amounts  ordinarily  present  (0.00  to  0.03  per  cent),  it  is  safer  to  titrate,  cal- 
culate the  apparent  percentage  of  antimony,  and  then  deduct  1.S6  times 
the  percentage  of  arsenic  as  separately  determined.  (The  factor  1.86  takes 
into  account  the  difference  in  the  atomic  weights  of  antimony  and  arsenic 
and  also  the  excess  of  permanganate  required  to  get  an  end-point  with  ar- 
senic.) With  larger  amounts  of  arsenic  a  modification  such  as  that  of 
Stief.  This  Journai,,  7  (191.'i).  211,  is  called  for. 
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gas  outlet.  Add  1  to  2  g.  of  test  lead,'  start  a  slow  current 
of  carbon  dioxide  from  a  Kipp  generator  or  a  cylinder,  heat 
gradually  to  boiling,  and  boil  gently  for  about  40  min.  Fi- 
nally cool  in  ice  to  about  10°  C,  after  increasing  the  current 
of  carbon  dioxide  in  order  to  prevent  back  pressure.  This 
may  be  detected  by  placing  a  bubbling  tube  in  the  gas  outlet. 
When  the  solution  is  cold,  take  out  the  stopper  in  the  third 
hole,  add  5  cc.  of  clear  starch  solution  from  a  pipet,  and 
insert  the  tip  of  a  buret  containing  standard  iodine  solution,' 
and  titrate  to  a  permanent  blue  tint.  The  titration  should 
be  corrected  by  a  blank  determination  (usually  amounting  to 
0.05  to  0.08  cc.  of  0.1  A''  iodine  solution)  carried  through  the 
steps  of  the  procedure. 

Determination  of  Copper,  Lead,  Zinc,  Iron, 
AND  Nickel 

Treat  5  g.  of  the  sample  as  for  the  determination  of  anti- 
mony and  tin,  reserve  the  nitric  acid  solution,  and  treat  the 
sulfuric  acid  solution  of  tin,  antimony,  and  impurities  with 
10  g.  of  tartaric  acid,  and  sufficient  10  per  cent  potassium 
hydroxide  solution  to  neutralize  the  acid  and  redissolve  the 
precipitate  formed.'  Pass  in  a  stream  of  hydrogen  sulfide 
for  10  to  15  min.,  dilute  to  600  to  800  cc,  and  digest  for  2  to 
3  hrs.  on  the  steam  bath,  or  preferably  let  stand  over  night. 
Filter  and  wash  slightly  with  warm  1  per  cent  sodium  or  po- 
tassium sulfide  solution,  being  careful  not  to  allow  the  pre- 
cipitate to  run  dry  lest  iron  sulfide  be  oxidized  and  lost. 
Rinse  as  much  of  the  sulfides  as  possible  from  the  paper  into 
the  original  beaker,  dissolve  the  sulfide  adhering  to  the  paper 
in  a  small  amount  of  hot  dilute  nitric  acid  (1:1)  and  boil  to 
complete  solution  of  the  sulfides.  Combine  the  nitric  acid 
recovery  with  the  reserved  nitric  acid  filtrate  and  proceed 
as  below. 

COPPER  AND  lead — Neutralize  the  nitric  acid  solution  with 
ammonia,  add  1  cc.  of  nitric  acid  (sp.  gr.  1.42)  for  every  100 
cc.  of  solution,  and  electrolyze,  using  a  platinum  gauze  cathode 
and  sand-blasted  gauze  anode  in  a  beaker  of  tall  form  cov- 
ered with  spht  glasses.  When  deposition  is  complete  as 
demonstrated  by  the  ordinary  tests,  the  cathode  and  anode 
should  be  thoroughly  washed  with  water  as  the  beaker  is 
lowered.  Reserve  the  electrolyte.  Dry  the  cathode  and 
anode  in  the  usual  manner,  weigh,  and  calculate  copper'"  and 
lead." 

»  Some  analysts  prefer  reduction  by  metallic  antimony,  iron,  nickel,  etc. 
The  authors  have  found  test  lead  to  be  very  satisfactory,  as  it  does  not 
reduce  in  cold  solution  and  hence  does  not  require  removal. 

»  The  iodine  solution  is  prepared  by  dissolving  about  12.7  g.  of  iodine 
in  a  solution  of  about  20  g.  of  potassium  iodide  in  a  Uttle  water,  diluting  to 
one  liter,  and  standardizing  against  pure  tin  by  the  method  described.  The 
starch  solution  is  prepared  by  allowingrawstarch  tostandfor24  hrs.in  very 
dilute  hydrochloric  acid,  filtering,  washing,  and  drying  at  100°  C.  for  3  hrs. 
One  gram  of  the  hydrolyzed  starch  is  then  madejnto  a  paste  with  cold  water, 
poured  into  100  cc.  of  boiling  water,  boiled  for  3  min.,  cooled,  and  allowed 
to  settle. 

•  In  case  antimony  is  absent,  sodium  hydroxide  may  be  substituted  for 
potassium  hydroxide. 

'0  If  the  material  contains  much  iron  or  antimony,  or  the  most  accurate 
results  are  desired,  the  copper  deposit  must  be  examined  and  corrected  for 
tin  and  antimony  as  follows:  Dissolve  the  weighed  deposit  in  nitric  acid 
(1  :  1),  add  0.01  g.  of  iron  as  ferric  nitrate,  boil,  and  precipitate  with  an  ex- 
cess of  ammonia.  Filter,  wash  the  precipitate  with  hot  water,  and  dissolve 
it  in  a  small  amount  of  hot  dilute  hydrochloric  acid  (1  '  1)  •  Pour  the  solution, 
while  stirring,  into  a  moderate  excess  of  potassium  hydroxide  solution  (10 
per  cent),  pass  in  a  rapid  stream  of  hydrogen  sulfide,  and  digest  for  a  few 
hours  on  the  steam  bath.  Filter,  wash  the  precipitate  slightly  with  dilute 
potassium  sulfide  solution  and  render  the  clear  filtrate  faintly  acid  with 
dilute  hydrochloric  acid.  Allow  the  solution  to  stand  at  the  side  of  the  steam 
bath  until  the  precipitate  settles,  filter,  wash  the  paper  and  precipitate 
thoroughly  with  acidulated  hydrogen  sulfide  water,  and  dissolve  as  much  of 
it  as  possible  in  a  little  hot  dilute  nitric  acid  (1  :  1),  keeping  the  solution. 
Burn  the  paper  at  the  lowest  possible  temperature  in  a  tared  crucible,  add 
the  reserved  nitric  acid  solution,  evaporate  to  dryness,  and  ignite  at  a  red 
heat  in  an  oxidizing  atmosphere.     Multiply  by  the  factor  0.788   (which 


ZINC — ^Evaporate  the  electrolyte  and  washings  to  small 
volume,  add  10  cc.  of  dilute  sulfuric  acid  (1  :  1)  and  heat  to 
the  appearance  of  fumes  of  sulfuric  acid.  Cool,  dilute,  treat 
with  hydrogen  sulfide,  filter  off  any  precipitate,  and  wash 
with  dilute  suKuric  acid  (1  per  cent  by  volume)  saturated 
with  hydrogen  sulfide.^'^  Boil  off  hydrogen  sulfide,  add  2 
drops  of  methyl  orange  solution  and  neutralize  with  ammonium 
hydroxide.  Finally,  dilute  to  about  100  cc.  for  every  0.1  g. 
zinc  and  make  0.01  N  with  sulfuric  acid  (1  cc.  N  acid  to 
every  100  cc.  of  solution).  Precipitate  zinc  as  sulfide  in 
cold  solution,  using  a  rapid  current  of  hydrogen  sulfide. 
Filter,  wash  with  cold  water,  reserve  the  filtrate,  and  ignite 
the  wet  filter  and  contents  very  slowly  in  an  oxidizing  atmos- 
phere until  all  carbon  is  destroyed.  Gradually  increase  the 
temperature  to  850°  for  complete  decomposition  of  the  zinc 
sulfate  formed.  Do  not  heat  above  900°  C,  Cool  and 
weigh  as  ZnO." 

IRON — Boil  the  filtrate  reserved  from  the  zinc  determina- 
tion until  hydrogen  sulfide  and  sulfur  are  expelled,  using  a 
few  crystals  of  ammonium  persulfate  toward  the  end.  Add 
a  few  drops  of  methyl  red  and  then  dilute  ammonium  hy- 
droxide (1  :  1)  drop  by  drop  until  the  color  of  the  solution 
changes  to  a  distinct  yellow.  Boil  the  solution  for  1  to  2 
min.,  filter  at  once  without  washing,  and  reserve  the  filtrate. 
Dissolve  the  precipitate  in  a  small  amount  of  hot  dilute  hy- 
drochloric acid  (1  :  1),  reprecipitate  with  ammonia  as  before, 
filter,  and  wash  slightly  with  hot  ammonium  chloride  solution 
(2  per  cent).  Add  this  filtrate  to  the  one  already  reserved. 
Ignite  the  wet  paper  and  precipitate  in  a  weighed  platinum 
crucible  in  an  oxidizing  atmosphere,  treat  with  a  drop  of  di- 
lute sulfuric  acid  (1  :  1),  1  to  5  cc.  of  hydrofluoric  acid,  evap- 
orate to  dryness,  again  ignite,  and  weigh  as  FejOs." 

NicKJEL — Acidify  the  combined  filtrates  from  the  irOn  de- 
termination, evaporate  to  approximately  300  cc,  and  filter 
if  not  absolutely  clear.  Nearly  neutralize  with  ammonia, 
warm,  add  an  excess  of  a  1  per  cent  alcoholic  solution  of 
dimethylglyoxime,  and  make  sHghtly  ammoniacal.  After 
warm  digestion  for  about  1  hr.,  filter  on  a  weighed  Gooch 
crucible,  wash  with  hot  water,  dry  at  110°  to  120°  for  about 

serves  in  these  small  amounts  for  both  tin  and  antimony)  and  deduct  from 
the  weight  of  the  copper  deposit, 

^^  The  lead  deposit  may  be  contaminated  by  silica,  tin,  and  maaganese. 
The  first  two  are  not  ordinarily  serious;  in  the  case  of  manganese  or  when 
much  lead  is  present,  it  is  safer  to  precipitate  lead  as  the  sulfate  in  the  com- 
bined nitric  acid  solutions  and  then  proceed  with  the  electrolysis  of  copper. 

^^  In  accurate  analyses  the  sulfides  must  be  ignited,  copper  and  lead 
determined,  and  proper  corrections  made.  In  routine  analyses,  they  would 
be  disregarded  except  when  appreciable  in  amount. 

^*  Instead  of  the  prescribed  gravimetric  procedure,  the  vasked  zinc 
sulfide  may,  in  routine  analyses,  be  dissolved  in  hydrochloric  acid  and  titrated 
under  the  necessary  definite  conditions  with  a  ferrocyanide  solution  which 
has  been  standardized  under  the  same  conditions  against  material  of  kaown 
zinc  content. 

'*  The  weighed  precipitate  will  contain  all  of  any  aluminium  that  may 
have  been  in  the  bronze.  The  residue  may  therefore  be  examined  for  alu- 
minium by  fusing  it  with  a  little  sodium  carbonate,  dissolving  the  cooled  melt 
by  digestion  in  dilute  hydrochloric  acid,  reducing  the  almost  neutral  solu- 
tion with  a  few  drops  of  ammonium  bisulfite  and  then  testing  with  phe- 
nylhydrazine  as  in  the  method  of  Hess  and  Campbell,  as  modified  by  E.  T. 
AUen  [J,  Am.  Chem.  Soc,  26  (1903),  421]. 

Instead  of  the  prescribed  procedure,  the  final  ammonia  precipitate  may 
be  dissolved,  reduced,  and  titrated.  The  advantage  of  the  gravimetric 
procedure  lies  in  the  opportunity  aflforded  for  investigation  of  the  character 
of  the  ammonia  precipitate. 

If  iron  alone  is  to  be  determined  in  the  alloy,  dissolve  the  weighed  sam- 
ple in  aqua  regia,  boil,  add  ammonia  in  excess,  and  filter  off  the  iron,  lead, 
tin,  and  antimony.  Dissolve  the  precipitate  in  a  little  hot  dilute  sulfuric 
acid,  filter  off  any  lead  sulfate,  and  treat  the  acid  solution  with  hydrogen  sul- 
fide. Filter,  evaporate  the  filtrate  to  copious  fumes  of  sulfuric  acid,  cool, 
and  dilute.  Finally  add  permanganate  solution  to  a  pink  tint  and  proceed 
with  the  reduction  and  titration.  The  above  method  does  not  provide  a 
satisfactory  separation  of  aluminium  on  account  of  the  large  excess  of  am- 
monia which  is  necessary  in  the  initial  treatment. 
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2  hrs.,  and  weigh,  as  the  glyoxime  salt,  whicli  contaius  20.31 
per  cent  nickel." 

'*  In  routine  analyses  the  glyoxime  precipitate  may  be  filtered  on  paper, 
the  wet  paper  wrapped  in  another  moist  "ashless"  paper  and  then  slowly  and 
carefully  ignited  to  NiO.  It  may  also  be  dissolved  in  nitric  acid  and  ti- 
trated with  cyanide  solution  by  the  method  of  Frevert  [A.  A.  Blair,  "Chemical 
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The  Analysis  of  Solutions  of  Ammoniunn  Citrate'' 
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An  invesligaiion  of  methods  of  determining  the  ratio  of  ammonia 
to  citric  acid  in  ammonium  citrate  solutions  points  to  two  methods 
which  can  be  relied  upon  to  give  accurate  results.  When  properly 
carried  out  they  give  values  which  agree  with  each  other  and  accurately 
represent  the  composition  of  the  solutions  analyzed. 

In  the  formaldehyde  titration  method,  the  only  precautions  to  be 
observed  are  that  the  formaldehyde  shall  he  neutral  and  present  in 
sufficient  quantity  to  combine  with  all  the  ammonia. 

In  the  other  method  the  allialine  residue  left  after  the  distillation 
of  the  ammonia  is  made  acid  to  methyl  red  with  a  measured  amount 
of  standard  acid  and  titrated  with  standard  alkali  with  phenolphtha- 
tein  indicator. 

IN  the  course  of  the  study  of  the  colorimetric  method 
for  the  preparation  of  neutral  solutions  of  ammonium 
citrate,  undertaken  while  the  senior  author  was  as- 
sociate referee  on  this  subject  for  the  Association  of  Official 
Agricultural  Chemists,  his  attention  was  called  to  the  di- 
versity of  procedures  employed  in  the  analysis  of  such  solu- 
tions. As  the  determination  of  the  ratio  of  ammonia  to 
citric  acid  by  analysis  is  one  of  the  best  ways  of  checking  the 
reactions  of  ammonium  citrate  solutions  the  accuracy  of 
the  methods  used  is  of  considerable  importance. 

While  referee  on  phosphoric  acid  in  1908,  McCandless'' 
used  the  determination  of  the  ratio  of  ammonia  to  citric  acid 
as  the  criterion  of  the  reaction  of  solutions  submitted  to  him. 
His  procedure  consisted  of  adding  a  measured  amount  of 
0.25  N  alkali  to  the  citrate  solution  and  distilling  off  the  am- 
monia which  was  collected  in  a  measured  amount  of  stand- 
ard acid  and  determined  by  titrating  the  excess  acid.  To  the 
residue  in  the  distillation  flask  he  added  "an  excess"  of  0.5  A'' 
acid  and  phenolphthalein  and  titrated  back  with  0.1  ^  alkali 
to  the  end-point.  This  procedure  is  apparently  used  in  many 
laboratories  either  exactly  as  described  by  McCandless, 
modified  as  to  the  strength  of  solutions  used,  or  by  elimi- 
nating the  last  step  and  titrating  the  excess  of  the  originally 
added  standard  alkaU  directly  to  a  phenolphthalein  end-point. 

A  second  type  of  method  is  the  so-called  formaldehyde 
titration  method  suggested  by  Patten  and  Marti.'  In  this 
method  the  ammonia  is  removed  from  the  sphere  of  action 
by  causing  it  to  combine  with  formaldehyde,  as  was  done  by 
Schiff.'  The  citric  acid  is  then  titrated  directly  to  a  phe- 
nolphthalein end-point. 

Several  collaborators  claimed  that  they  were  unable  to 
get  these  two  types  of  methods  to  agree,  and  hence  concluded 
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that  the  second  one  was  unreliable.  Upon  trying  to  check 
up  the  composition  of  some  solutions  by  both  types  of  methods- 
the  authors  actually  found  that  the  results  did  not  agree. 
However,  as  the  formaldehyde  method  had  been  in  use  in 
this  laboratory  since  it  was  first  suggested  and  since  it  is  in 
constant  use  in  scores  of  other  laboratories  in  biochemical 
work,  the  authors  were  skeptical  as  to  its  shortcomings. 
Hence  the  investigation  of  both  methods  was  undertaken. 

Comparison  of  Results 

The  first  points  studied  were  the  agreement  of  these  meth- 
ods with  each  other  and  with  themselves  when  used  on  the 
same  solution.  Needless  to  say,  every  possible  precaution 
against  error  was  taken.  The  reagents  were  all  carefully 
standardized,  using  as  a  standard  of  reference  0.1  N  HCl  pre- 
pared by  the  method  of  Hulett  and  Bonner'  and  checked 
gravimetrically.  The  fiasks  and  burets  were  all  carefully 
caUbrated.  (This  precaution  should  not  be  neglected. 
Burets  have  been  purchased  recently  from  reputable  supply 
houses  which  upon  caUbration  have  been  found  to  be  as  much 
as  0.4  cc.  off,  and  variations  of  0.1  cc.  are  common.) 

The  following  procedures  were  studied: 

1 — -The  original  technic  of  McCandless,  with  0.25  N  alkali  for 
the  initial  stage,  0.5  N  acid  for  the  second,  and  0.1  N  alkali  for 
the  back  titration. 

2 — The  same  technic  as  (1),  but  with  0  1  iV  reagents  through- 
out. 

3 — ^The  same  procedure  as  (2),  except  that  the  addition  of 
acid  was  continued  until  the  solution  was  acid  to  methyl  red. 

4 — Direct  titration  to  a  phenolphthalein  end-point  with  0  5  N 
HCI,  after  the  addition  of  35.00  cc.  0.5  N  NaOH. 

5 — The  formaldehyde  method,  with  0.1  JV  reagents. 

The  results  are  shown  in  Table  I,  page  430. 

At  the  bottom  of  each  set  of  determinations  is  shown  the 
maximum  variation  among  the  individual  estimations.  It 
will  appear  at  a  glance  that  two  of  the  methods,  viz.,  2  and  4,. 
give  variations  much  larger  than  those  in  the  other  two  meth- 
ods. In  calculating  these  variations  all  estimations  have  been 
considered.  The  proponents  of  these  procedures  will  un- 
doubtedly point  out  that  this  is  unfair,  since  in  some  cases 
most  of  the  figures  agree  fairly  well,  while  only  one  or  two  differ 
materially  from  the  rest.  Thus,  in  the  results  by  Method  2 
on  Solution  II  the  second  determination  was  a  whole  cubic 
centimeter  lower  than  the  next  one  to  it.  Were  this  result 
to  be  discarded,  as,  of  course,  it  would  be  in  practice,  as  be- 
ing "off,"  the  maximum  variation  would  be  reduced  from  1.70 
to  0.70.  The  same  general  statement  applies  to  Determina- 
tions 4  and  5  by  Method  4  on  Solution  II  and  5  and  6 
by  the  same  method  on  Solution  III.    These  results  are, 
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Table  I — Comparative  Results  with 

Different  Methods 

Solution     Determination 

?OCEDURE  1 

No.                     No. 

1 

2 

3 

4 

5 

I                          1 

26.01 

26.27 

26.09 

2 

26.19 

26.17 

26.18 

3 

26.32 

26.22 

26.09 

4 

26.46 

26.19 

Maximum 

variation 

0.45 

0.10 

0.10 

Average 

26.25 

26.19 

26.14 

II                        1 

27.38 

30.23 

27.27 

30.70 

27.20 

2 

27.46 

29.23 

27.48 

30.03 

27.24 

3 

27.38 

30.93 

27.48 

30.05 

27.30 

4 

27.26 

30.73 

27.48 

31.05 

27.30 

5 

27.38 

30.53 

29.55 

27.24 

6 

30.38 

30.05 

27.30 

Maximum 

variation 

0.20 

1.70 

0.21 

1.50 

0.10 

Average 

27.37 

30.34 

27.38 

30.24 

27.25 

Ill                      1 

27.40 

31.02 

27.08 

28.40 

27.03 

2 

27.30 

31.85 

27.58 

28.26 

27.08 

3 

27.3.S 

32.35 

27.08 

28.71 

27.03 

4 

27.53 

31.72 

26.93 

28.67 

27.03 

5 

27.55 

32.25 

27.29 

29.36 

27.08 

6 

27.51 

29.64 

27.18 

27.07 

27.03 

Maximum 

variation 

0.25 

2.71 

0.65 

2.29 

0.05 

Average 

27.44 

31.47 

27.19 

28.42 

27.05 

however,  given  consideration  because  repeated  tests  have 
shown  that  such  discordant  results  continually  occur  and  are 
typical  of  the  methods.  In  fact,  the  rather  close  agreement 
of  the  majority  of  the  results  is  to  be  regarded  as  a  very  in- 
sidious danger  in  forming  a  correct  opinion  of  their  value. 
Thus  the  series  given,  which  includes  three  perfect  checks, 
would  indicate  that  with  perhaps  a  little  care  in  manipula- 
tion good  results  might  be  had.  Only  a  thorough  investiga- 
tion of  the  procedures  themselves  and  the  careful  repetition 
of  many  determinations  have  shown  conclusively  that  con- 
sistent results  cannot  be  obtained. 

Of  the  five  methods  given,  1,  3,  and  5  evidently  agree  much 
better  with  each  other  than  with  the  other  two  or  than  the 
other  two  do  with  each  other.  (The  agreement  of  the  re- 
sults on  Solution  I  by  Methods  2  and  5  as  well  as  those  on 
Solution  II  by  Methods  2  and  4  are  fortuitous,  as  will  be 
shown  later.)  This  was  rather  unexpected,  since  Method 
1  differs  from  Method  2  only  in  the  strength  of  the  solutions 
employed.  The  explanation,  however,  actually  does  lie 
in  the  fact  that  in  the  original  technic  of  McCandless  (Method 
1)  a  strong  solution  of  acid  was  used,  i.  e.,  0.5  A'^;  hence  the 
"excess"  was  so  large  that  the  reaction  was  carried  far  enough 
to  reduce  the  discrepancies  between  this  method  and  3  to 
within  the  limits  of  experimental  errer.  In  Method  2,  on  the 
other  hand,  the  use  of  0.1  N  acid  causes  a  smaller  excess  to 
be  added  beyond  the  phenolphthalein  end-point,  with  the 
result  that  the  figures  approximate  those  obtained  by  4  rather 
than  by  the  other  procedures. 

The  uncertain  point  of  the  whole  matter  is  the  meaning 
of  the  term  "excess  of  acid."  McCandless,  of  course,  meant 
an  excess  over  the  amount  of  alkah  not  neutrahzed  by  the 
citric  acid.  He  apparently  assumed,  and  very  naturaUy 
since  this  was  the  end-point  ultimately  sought,  that  this  point 
would  be  shown  by  phenolphthalein.  Unfortunately  this 
is  not  the  case,  for  on  approaching  it  from  the  alkaline  side 
a  pseudo-end-point  is  first  encountered  at  which  the  color  of 
the  indicator  is  discharged  although  some  of  the  alkah  is  stiU 
unneutralized.  Only  when  the  addition  of  acid  is  continued 
until  the  reaction  of  the  solution  is  below  a  pH  of  about  5.5 
is  all  of  this  excess  alkah  neutralized.  The  "excess  acid" 
can  then  be  titrated  back  with  alkah  and  a  true  end-point 
with  phenolphthalein  reached.  The  proper  reaction  to  be 
passed  in  the  addition  of  acid  can  be  determined  by  the  use  of 
methyl  red  instead  of  phenolphthalein  as  the  indicator. 
Since  methyl  red  is  pink  in  acid  solutions  and  straw-colored 
in  alkahne  ones  it  does  not  interfere  with  the  use  of  phenol- 
phthalein in  the  same  solution. 


Electeometkic  Titrations 

In  order  to  make  the  relationships  more  clear  a  citrate  solu- 
tion was  prepared  and  analyzed  by  Methods  2,  3,  and  5;  the 
courses  of  the  titrations  were  followed  electrometrically  with 
a  hydrogen  electrode.  Method  2  was  repeated  several 
times,  with  the  addition  of  varying  quantities  of  acid  inter- 
mediate between  those  required  to  give  solutions  acid  to  phe- 
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Fig.  1 — Electrometric  Titration  of  Citrate  Solutions 

nolphthalein  and  to  methyl  red.  For  instance,  8.50  cc.  0.1  N 
HCl  discharged  the  phenolphthalein  color  and  20.00  cc.  pro- 
duced the  pink  of  the  methyl  red.  Four  titrations  were  made, 
with  the  addition  of  11.00, 12.00, 14.00,  and  16.00  cc.  of  0.1  N 
HCl,  respectively,  before  titrating  back  to  the  final  phe- 
nolphthalein end-point.  The  final  figures  for  citric  acid  in 
terms  of  0.1  A'^  NaOH  are  given  in  Table  II  and  the  complete 
titration  curves  are  shown  graphically  in  Fig.  1. 

Table  II^Citric  Acid  in  Ammonium  Citrate  Determined  by  Different 
Methods.     Titrations  with  H  Electrode 

Method  2;  Citric  Acid 

11.00  cc.  0.1  AT  HCl 34.65 

12.00  cc.  0.1  AT  HCl    34.23 

14.00  cc  0.1  AT  HCl    32.55 

16.00  cc  0.1  Af  HCl    30.64 

Method  3 27.77' 

Method  5 27.20' 

*  Not  boiled  after  addition  of  acid. 

2  Several  electrometric  titrations  were  made  by  Methods  3  and  5  with  re- 
sults agreeing  as  well  as  by  the  titrations  with  indicator.  The  results  are 
omitted  because  of  the  confusion  caused  by  a  multiplicity  of  closely  agree- 
ing curves. 

In  this  figure  the  ordinates  represent  pH  values.  The 
abscissae  represent  the  cc.  0.1  Af  NaOH  added  less  the  cc. 
0.1  A'^  HCl  added.  The  addition  of  acid  is  therefore  shown 
by  a  decrease  in  the  total.  Except  in  the  solutions  titrated 
by  the  formaldehyde  method,  a  total  of  45.25  cc.  0.1  A''  NaOH 
was  added  to  the  original  solution  and  the  ammonia  boiled  off. 
This  gives  the  starting  points  for  all  the  curves  on  the  ex- 
treme right  of  the  figure.  The  addition  of  0. 1  AT  HCl  is  shown 
by  decreasing  values  for  the  total  alkah  present,  carrying  the 
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curves  to  the  left  with  decreasing  jiH  values.  The  final 
back  titration  with  alkaU  causes  the  reverse  to  take  place, 
t.  e.,  the  curves  pass  up\\'ards  and  to  the  right.  The  titra- 
tions were  carried  out  with  the  indicators  present  in  the  solu- 
tions and  the  points  at  which  the  colors  changed  were  noted. 

A  study  of  the  figure  shows  tiiat  with  the  addition  of  acid 
the  reaction  changes  rather  rapidly  although  the  curves  still 
show  a  distinct  change  in  direction  coinciding  with  the  dis- 
appearance of  the  plienolphthalein  color.  This  end-point  is 
the  one  used  in  Method  4.  The  poor  agreement  of  the  sev- 
eral curves  at  this  point  is  only  an  exaggeration  of  that  ob- 
tained in  practice,  due  perhaps  to  the  longer  time  required  to 
make  the  separate  additions  of  acid  in  the  electrometric 
titration.  Occasionally,  as  in  the  cases  of  Curves  I  and  IV, 
perfect  agreement  is  obtained  and  generally,  as  in  the  cases  of 
Curves  II,  III,  and  V,  the  differences  are  within  a  range  of 
1  cc,  but  these  differences  are  not  accidental. 

The  situation  as  regards  Method  2  is  illustrated  by  the 
upward  branches  of  Curves  II,  III,  IV,  and  V.  The  end- 
points  here  follow  strictly  the  order  of  the  amounts  of  acid 
added,  11.00,  12.00,  14.00,  and  16.00  cc.  of  acid  used  giving 
values  for  citric  acid  corresponding,  respectively,  to  34.55, 
34.04,  32.55,  and  30.64  cc.  0.1  A^  NaOH.  E^ddently  the  closer 
the  amount  of  acid  added  approaches  that  required  to  give  a 
pH  of  5.5  the  more  closely  will  the  results  agree  with  those  of 
Method  3  and  the  formaldehyde  method.  So  in  the  case  of 
McCandless'  original  technic  the  use  of  a  concentrated  acid 
caused  the  reaction  to  be  carried  so  far  that  in  its  backward 
course  it  came  very  close  to  the  true  end-point. 

It  is  to  be  observed  that  these  curves  differ  from  Curve  I, 
in  which  a  true  excess  of  acid  is  added,  in  that  the  addition 
of  alkali  causes  a  sharp  rise  in  the  pH  to  the  end-point.  There 
is  no  "tail"  as  there  is  in  Curve  I  along  which  the  curves  for 
the  addition  of  acid  and  alkaU  coincide.  This  is  but  one 
sign  of  the  general  instability  of  the  solutions  in  the  range  be- 
tween the  end-point?  with  the  two  indicators.  In  this  range 
there  is  always,  on  allowing  the  solution  to  stand,  a  "drift" 
in  the  potentiometer  readings  towards  the  alkaline  side,  an 
apparent  tendency  for  the  reaction  spontaneously  to  get  up 
to  the  reflex  part  of  Curve  I.  It  is  this  condition  of  unstable 
equilibrium  which  is  responsible  for  the  discordant  results  af- 
forded by  Methods  2  and  4  and  to  a  lesser  extent  by  Method 
1.  Even  the  quantity  of  alkali  initially  added  has  its  effect, 
as  is  shown  by  Table  III,  which  gives  the  results  of  analy.ses 
by  Method  2,  using  different  amounts  of  alkali  to  drive  off  the 
ammonia. 

Table  III — Effect  of  Addition  of  Different  Amounts  of  Alkali  on 
Citric  Acid  Values  by  Method  2 

Citric 
Citric  Citric  Citric      Acid  by 

So-    Cc.O.lAf    Acid  as      Cc.O.lA?    Acid  as     Cc.OlA'     Acid  as    Formal- 
LU-     NaOH      CcClA"      NaOH     Cc.O.liV     NaOH      Cc.  0.1  Af   dehyde 
TION     Added        NaOH         Added       NaOH         Added        NaOH     Method 
I  28.00         27.50         34.98         29.47         44.92         31,39         27.30 

28.00         27.50         34.98         29.77         44.92         33.49 
28.00         27.50         34.98         29.97         44.92         32.99 


II 


28.00 

24.99 

34.98 

26.66 

44.92 

25.70 

28.00 

24.99 

34.98 

27.36 

44.92 

25.50 

28.00 

25.10 

34.98 

27.76 

44  92 

25.80 

24.31 


b 


Other  factors  may,  however,  predominate,  as  in  the  last 
set  of  values  for  Solution  II,  which  wore  made  the  day  fol- 
lowing the  carrying  out  of  the  other  analyses  and  presumably 
with  some  difference  in  manipulation.  Only  with  Method  3 
of  this  type  of  procedure  can  consistent  results  be  had,  ir- 
respective of  the  above-discussed  conditions.  Table  IV 
illustrates  the  independence  of  Method  3  of  the  amount  of 
alkali  originally  added. 

The  question  may  still  be  raised :  Do  the  figur(;s  obtained  by 
these  two  methods  actually  show  the  composition  of  citrate 
solutions  or  do  the  true  values  lie  in  a  region  near  the  group- 
ing of  curves  of  Method  2  in  Fig.  1?     One  collaborator  stated 


Table  IV — Effect  of  Addition  of  Different  Amounts  of  Alkali 
on  Citric  Acid  Values  by  Method  3 

Citric 
Citric  Citric!  Citric       Acid  by 

Cc.O.lA?  Acid  as  Cc.O.lW  Acid  as  Cc.  O.IA^  Acid  as  Formal- 
NaOH  Cc.O.lA?  NaOH  Cc.O.lAT  NaOH  Cc.  O.IAT  dehyde 
Added  NaOH  Added  NaOH  Added  NaOH  Method 
28.00  24.45         34.98  24.44  44.92  24.47  24  31 

28.00  24.55         34.98  24.33  44.92  24.48 

28.00  24.54         34.98  24.33  44.92  24.28 

Av.  24.51  24.37  24.41 

that  his  reason  for  preferring  Method  2  to  5  was  that  the 
former  method,  when  used  on  a  solution  made  to  contain  cer- 
tain quantities  of  ammonia  and  citric  acid,  gave  results 
agreeing  more  closely  with  the  calculated  values  than  did 
Method  5.  This  is  entirely  contrary  to  our  experience.  The 
question  involved  can  be  answered  in  the  following  manner: 

The  one  solution  of  ammonium  citrate  having  a  known  and 
definite  ratio  of  citric  acid  to  ammonia,  which  can  be  prepared 
without  the  help  of  any  method  of  analysis,  is  a  solution  of 
the  normal  triammonium  citrate.  Such  a  solution  can  he  pre- 
pared by  neutralizing  citric  acid  with  ammonia  by  (1)  the 
electrical  conductivity  method,*  (2)  the  temperature  method 
of  Bell  and  Cowell,'  and  (3)  by  the  electrometric  titration 
method  with  a  hydrogen  electrode.'" 

In  such  a  solution  the  ratio  of  ammonia  to  citric  acid  will 
be  1:3.759.  Two  such  solutions  were  prepared  using  the 
first  and  third  methods  on  each.  They  were  analyzed  by 
Methods  4  and  5.    The  results  are  given  in  Table  V. 

Table  V — Results  of  -Analysis  of  Solutions  of  Triammonium  Citrats 
BY  Methods  4  and  5 


Solution 
A 
B 


Ratio  NHs:  CsHsO? 
Method  4  Method  5 

1  :  3.966  1  :  3.750 

1  :  3.950  1  :  3.763 


These  figures  are  averages  of  six  separate  determinations 
of  citric  acid  and  ammonia  by  each  method.  Patten  and  Marti 
in  their  original  article  on  the  formaldehyde  method  like- 
wise report  the  analysis  of  such  a  solution  giving  a  ratio  of 
1:3.765.  When  it  is  recalled  that  a  variation  of  0.1  cc. 
0.1  A'^  reagent  in  the  determination  of  either  ammonia  or 
citric  acid  makes  a  difference  of  approximately  0.015  in  the 
ratio,  the  deviations  of  the  results  by  Method  5  from  the 
theoretical  value  are  seen  to  be  well  within  the  limits  of  experi- 
mental error,  and  they  leave  no  question  as  to  which  method 
gives  the  true  composition  of  citrate  solutions. 

Summary 

Of  the  methods  for  the  analysis  of  solutions  of  ammonium 
citrate  discussed  in  this  paper  only  two  can  be  relied  upon  to 
give  accurate  results.  When  properly  carried  out  they  give 
values  which  agree  with  each  other  and  which  accurately 
represent  the  composition  of  the  solutions  upon  which  they 
are  used. 

One  of  these  is  the  formaldehyde  titration  method.  The 
only  precautions  to  be  observed  in  this  method  arc  that  the 
formaldehyde  shall  be  neutral  and  present  in  sufficient  quan- 
tity to  combine  with  all  of  the  ammonia.  The  addition  of 
alkali  is  carried  to  the  first  permanent  pink  of  the  indicator 
which  should  be  present  in  sufficient  quantity  to  give  a  dis- 
tinct color. 

The  other  procedure  is  carried  out  as  follows,  with  solu- 
tions of  the  concentration  ordinarily  used  in  fertilizer  analyses: 

Fifty  cc.  of  the  original  citrate  solution  are  diluted  to 
500  cc.  in  a  volumetric^  flask.  Ten-cc.  samples  of  this  solu- 
tion are  measured  in  Kjeldahl  flasks,  an  excess  of  standard 
alkali  added,  and  the  ammonia  distilled  off  and  titrated  in 
the  usual  manner.     The  residue  in  the  distiUation  flask  is 

'J.  Am.  Chem.  Soc,  S3  (1911).  711;    This  Journal,   4  (1912),  443; 
Mich.  Agr.  Kxpt.  .Sta..  Tech.  Bull.  IJ. 
•  J.  Am.  Chem.  Sue.  36  (1913).  49. 
"Ibid..  36  (1913),  857. 
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transferred  to  a  suitable  flask  or  beaker,  some  methyl  red 
added  and  then  standard  acid  until  the  solution  is  acid  as 
shown  by  the  appearance  of  the  red  color  of  the  indicator. 
No  precautions  need  be  taken  against  over-running  this  end- 
point  as  an  excess  of  acid  is  desired.    The  solution  is  then 


boiled  to  expel  carbon  dioxide  and  the  excess  acid  titrated 
with  standard  alkaU  after  the  addition  of  phenolphthalein. 
The  difference  between  the  total  alkali  and  acid  used  gives 
the  amount  of  alkali  neutralized  by  the  citric  acid  in  the 
sample. 


Determination  of  Suspended  Impurities  in  Gases' 


By  Wilfred  W.  Scott= 
Colorado  School  of  Mines,  Golden.  Colorado 


Beam  Test 

TYNDALL  demonstrated  that  dust  particles  are  re- 
sponsible for  the  visibility  of  rays  of  light,  such  as  the 
sunbeam  or  the  beam  of  the  searchlight.  He  did  not 
make  clear  the  best  conditions  enabling  one  to  see  the  beam 
produced  by  minute  amounts  of  suspended  matter  in  purified 
gases,  nor  did  he  show  that  a  gas  free  of  dust  may  still  pro- 
duce a  beam  in  presence  of  liquid  mist.  The  opinion  com- 
monly current  regarding  the  conditions  necessary  to  see  the 
beam  produced  by  light  rays  in  purified  gas,  is  that  the  rays 
should  be  parallel  and  should  be  viewed  with  the  visual  axis  at 
right  angles  to  this  beam.  Observing  these  conditions  the 
author  failed  to  see  the  beam  when  using  direct  sunlight,  but 
discovered  that  a  cone  of  light  from  an  arc  light  gave  a  dis- 
tinct beam.  This  led  to  the  discovery  that  the  beam  is 
best  viewed  by  glancing  towards  the  source  of  light.  Ac- 
cordingly the  apparatus  shown  iii  Figs.  1  and  la  was  designed. 


JJas  £x/f 


Lighi- 
Ouflef 


£ye  Piece 


The  beam  caused  by  liquid  mist  alone  appears  as  a  uniform 
pencil  or  band  of  light,  whereas  dust  particles  produce  a 
sparkling  effect  or  irregular  flashes  of  light.  The  beam  is  more 
intense  with  the  gas  in  motion.  Within  certain  limits  the 
intensity  of  the  beam  is  directly  proportional  to  amount  of  sus- 
pended matter  in  the  gas. 

If  the  gas  is  dry  the  beam  is  completely  removed  by  pass- 
ing the  gas  through  a  S-in.  mat  of  loosely  carded  purified  as- 
bestos. If  the  gas,  thus  purified  of  solid  matter,  is  passed 
through  a  liquid  the  beam  again  becomes  apparent.  From 
this  it  is  evident  that  the  test  must  be  applied  to  dry  gas  if  it 
is  desired  to  ascertain  the  presence  of  solid  matter  in  suspeo- 
sion. 

Fig.  2  shows  the  apparatus  set  up  for  ascertaining  the  effec- 
tiveness of  a  scrubber  in  a  quantitative  determination  of  the 
solid  and  liquid  suspended  matter  in  a  gas.  The  apparatus 
is  so  arranged  that  comparisons  may  be  made  of  the  unfil- 
tered  gas,  by  means  of  a  bypass  with  that  of  the  filtered  or 


^Eye  Piece 


Fio.  1 


Pig.  la 


For  the  examination  of  a  corrosive  gas,  it  is  advisable  to  have 
the  chamber  of  the  camera  made  of  a  material  not  affected 
by  that  gas.  For  example,  in  examining  purified  contact 
gas  a  lead  chamber  is  recommended.  The  interior  of  the 
chamber  is  blackened  with  dull  paint  that  is  a  poor  light 
reflector.  In  the  apparatus  shown,  circular  glass  disks  close 
the  ends  of  the  tubes  a,  6,  and  c.  The  gas  examined  enters 
neat'  the  eyepiece  h  and  passes  out  at  the  opposite  large  end. 
The  ray  of  light  is  directed  through  a  small  opening,  either 
circular  (diam  1  cm.)  or  a  narrow  slit,  located  at  o,  and  passes 
through  the  arm  of  the  tube  and  out  through  a  glass  window  at 
c.  The  idea  is  to  avoid  light  reflection  in  the  chamber,  as  this 
would  cause  a  glow  in  the  tube  and  greatly  reduce  the  sen- 
sibility of  the  test. 

'  Received  March  3,  1922.  Published  by  courtesy  of  D.  Van  Nostrand 
Co..  New  York,  N.Y. 

•  Associate  Professor  of  Chemistry,  Colorado  School  of  Mines;  Editor 
of  "Standard  Methods  of  Chemical  Analysis." 


purified  gas.  Advantage  is  taken  of  the  difference  in  pres- 
sures at  A  and  B,  so  that  a  continuous  sample  may  be  taken 
of  the  gas  without  the  necessity  of  an  aspirator.  A  hand  arc 
fight  shown  on  the  left  furnishes  the  rays  of  light  which  enter 
at  a  and  pass  out  into  the  air  at  c.  The  beam  is  viewed 
through  the  eyepiece  6.  The  meter  measures  the  volume 
of  gas  aspirated. 

Determination  of  Solid  and  Liquid  Impurities 

Solid  or  liquid  impurities  suspended  in  a  gas  may  be  re- 
moved quantitatively  by  passing  the  gas  through  a  filter 
of  loosely  carded  dry  asbestos.  A  filter  2  in.  thick  and  1.25 
in.  in  diameter  is  effective  in  removing  suspended  matter 
completely  with  gas  passing  through  it  at  the  rate  of  2  to  3  1. 
per  sec.  (5  to  7  cu.  ft.  per  min.).  It  is  essential  that  the  as- 
bestos be  free  from  condensed  moisture  as  a  soggy  filter  is 
not  effective  for  gas  filtration. 
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DETERMINATION   OF  SULFURIC  ACID  MIST  IN   GAS — The    gaS 

is  aspirated  through  a  filter  of  well-carded,  blue  fiber,  puri- 
fied asbestos,  the  asbestos  extracted  with  water  and  the  ex- 
tract titrated  with  standard  alkali. 


Fig.  2 

APPARATUS — An  ordinary  1.25-in.  filter  tube  funnel  (see 
Fig.  3)  with  long  stem,  to  permit  a  sample  being  drawn  di- 
rectly from  the  flue,  may  be  used.  If  the  gas  is  supersaturated 
with  moisture  it  is  advisable  to  use  the  form  of  apparatus 
shown  in  Fig.  4,  the  bottle  serving  as  a  condensing  chamber 
to  avoid  water  condensation  on  the  asbestos.  OccasionaDy 
it  is  necessary  to  pass  the  gas  through  two  such  chambers  to 
remove  the  condensed  moisture  from  warm  moist  gases. 
The  funnel  is  packed  first  with  a  layer  of  glass  wool,  fol- 
lowed by  a  two-inch  layer  of  well-carded,  purified,  blue  as- 
bestos, and  finally  a  second  layer  of  glass  wool. 
The  glass  wool  prevents  the  asbestos  plug- 
ging the  inlet  and  exit  openings.  Perforated 
disks  may  be  used  in  place  of  the  glass  wool. 
The  asbestos  is  the  blue  African  form. 
White  asbestos  will  not  give  accurate  results, 
as  this  is  attacked  slightly  by  dUute  sulfuric 
acid  and  decidedly  so  by  strong  sulfuric.  The 
blue  form  is  not  appreciably  attacked,  so  that 
the  acid  may  be  extracted  as  free  acid  by  water. 
The  asbestos  is  purified  by  digesting  with 
nitric  acid,  followed  by  a  second  digestion 
with  hydrochloric  acid.  The  material  is  now 
thoroughly  washed  to  remove  the  acids  and 
is  dried.  The  dry  asbestos  is  placed  in  wide- 
mouthed  bottles  until  required.  Before  using 
it  is  carded  or  fluffed  out  by  means  of  a  pick 
and  then  placed  loosely  in  the  funnel  to  be 
used  in  the  test. 


Fig.  3 


Si02      CaO     MgO     FeO    AijOj     MnO     H,0 
49.0       1.2       2.7     24.4     11.9 


Asbestos 
Blue 

African 
White 

Canadian  40.3  ..      43.4       0.9       2.3  ..      13.7 

White 

Italian         55.9     17.8     20.3  ..        4.3       1.1 


THE  TEST — The  gas  is  aspirated 
through  the  filter  at  the  rate  of 
about  5  cu.  ft.  per  min.,  the  gas 
being  measured  by  a  dry  gas  meter 
following  the  apparatus.  When 
a  volume  of  10  to  100  cu.  ft.  of  gas 
has  been  aspirated,  the  amount  de- 
pending upon  the  amount  of  acid 
mist  present  in  the  gas,  the  asbestos 
filter  is  placed  in  a  beaker.  (If  SO2 
is  present  in  the  gas,  as  is  the  case 
in  contact  sulfur  gases,  air  is  first 
passed  through  the  asbestos  to  re- 
move the  SO2.)  The  tube  is  rinsed 
out,  and  the  rinsings  poured  on  the 
asbestos.  The  contents  of  the 
the  beaker  are  now  transferred  to  a 
2-in.  Buchner  funnel  in  position  on  a 
half-liter  capacity  suction  bottle. 
The  water  is  drawn  out  of  the 
asbestos    and  the   filtrate    passed 


Ouikf. 


Asbestos 


through  the  mat,  thus  formed,  to  remove  the  asbestos  fibers. 
The  mat  is  washed  with  small  portions  of  pure  water  until  free 
of  acid,  and  the  extract,  transferred  to  a  beaker,  is  titrated 
with  standard  alkali  (0.05  A'^  has  been  found  to  be  satisfac- 
tory).    Methyl  orange  is  used  as  an  indicator. 

DETERMINATION  OF  ARSENIC  IN  GAS — The  test  is  the  Same 
as  the  one  described  for  determining  sulfuric  acid.  An 
aliquot  portion  of  the  water  extract  is  taken  for  a  Gutzeit 
determination  of  arsenic.  Arsenic  in  purified  contact  gas  is 
carried  in  the  acid  mist. 

DETERMINATION  OF  CHLORIDES — A  portion  of  the  water  ex- 
tract, obtained  by  the  procedure  described  under  the  test  for 
acid  in  gas  and  filtered  through  paper  if  necessary,  is  exam- 
ined for  chloride  by  the  turbidity  test  by  addition  of  nitric 
acid  followed  by  silver  nitrate  reagent.  Comparison  is 
made  with  a  standard  using  either  Nessler  tubes  or  a  colorim- 
eter. If  the  amount  of  chloride  is  too  great  for  a  turbidity 
test  a  gravimetric  determination  should  be  made,  or  the  ali- 
quot portion  taken  should  be  sufficiently  diluted  with  water 
to  enable  the  turbidity  test  to  be  made.  The  standard 
should  contain  the  same  amount  of  sulfuric  acid  as  the  sample. 
The  extract  should  be  free  of  asbestos  fiber. 


Liquid  Oxygen  Explosives 

Although  the  use  of  liquid  oxygen  explosives  has  not  yet  made 
much  headway  in  the  United  States,  experiments  made  with 
such  explosives  by  a  metal-mining  company  at  Pachuca,  Mexico, 
operated  by  American  capital  promise  quite  satisfactory  re- 
sults, according  to  observations  made  by  a  representative  of 
the  United  States  Bureau  of  Mines.  From  the  beginning  of  the 
entrance  of  the  United  States  into  the  World  War,  efforts  have 
been  made  by  George  S.  Rice,  Chief  Mining  Engineer  of  the 
Bureau  of  Mines,  to  have  liquid  oxygen  explosives  tried  out  prac- 
tically in  this  country.  Owing  to  the  fact,  however,  that  no  manu- 
facturer in  the  United  States  makes  oxygen  liquefying  plants, 
the  use  of  these  explosives  in  America  has  been  quite  limited. 
The  development  of  this  innovation  so  far  has  been  largely  Ger- 
man, and  in  Germany  oxygen  liquefying  plants  are  manufactured 
in  various  sizes  in  complete  units  of  apparatus  and  containers. 

Since  the  war  the  only  extensive  development  outside  of 
Germany  has  been  in  the  Lorraine  iron  mines  where  the  Germans 
installed  apparatus,  and  additional  apparatus  has  been  put  in 
by  the  French.  One  company  in  Lorraine  is  mining  its  entire 
annual  output  of  1,500,000  tons  of  iron  ore  by  the  use  of  these  ex- 
plosives. This  company  has  developed  a  cartridge  of  its  own 
on  which  it  has  received  patents,  and  has  applied  for  others.  It 
is  claimed  that  the  cartridge  is  an  improvement  on  the  German 
cartridge.  The  Germans  use  for  brisant  effects,  soot;  and  for 
slow  heaving  effects,  wood  pulp.  Either  fuse  or  electric  deto- 
nators can  be  used  for  igniting  the  charge.  The  Germans  have 
now  developed  a  method  of  placing  the  electric  detonator  in  the 
bottom  of  the  hole  in  a  special  container  and  have  been  able  to 
fire  large  rounds,  it  is  claimed  as  high  as  twenty-eight  shots  at 
a  time. 


FiQ.  4 


Fastness  of  Dyes 

The  National  Council  of  Dyes  and  Colors  held  a  meeting  in 
New  York  City  on  March  20  and  elected  Mr.  David  N.  Moses- 
sohn  of  the  Associated  Dress  Industries  of  America,  permanent 
chairman.  The  secretary,  Dr.  J.  Merritt  Matthews,  proposed 
that  something  of  a  definite  and  concrete  nature  should  be  under- 
taken by  the  Council  and  proposed  that  each  of  the  industries 
interested  and  associated  with  the  Council  should  definitely 
formulate  the  various  staple  fabrics  in  which  they  are  p;u-tieularly 
interested  and  state  what  qualities  of  colors  with  respect  to  fast- 
ness or  other  properties  should  normally  be  expected  on  these 
fabrics,  so  that  data  would  be  available  regarding  the  commercial 
requirements  for  colors  on  fabrics.  As  a  result,  a  motion  was 
passed  instructing  the  sccret.iry  to  write  to  the  representatives 
of  the  various  industries  to  secure  definite  data  as  to  the  qualities 
of  fastness  required  on  the  different  staple  fabrics  .and  to  present 
a  report  at  the  next  meeting  of  the  Council  if  possilile.  It  was 
also  voted  to  distribute  4000  reprints  of  Mr.  Haynes'  report  on 
certain  tests  made  on  colored  fabrics. 
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Wool  Scouring  Wastes  for  Fertilizer  Purposes' 

By  F.  P.  Veitch^ 

Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture.  Washington,  D.  C. 


THIS  country  uses  more  than  600,000,000  lbs.  of  unscoured 
wool  annually.  Approximately  half  this  weight  consists 
of  dirt,  salts,  grease,  and  albuminous  and  other  organic 
matter  which  must  be  removed  by  careful  washing.  With  the 
exception  of  the  grease  recovered  at  a  few  of  the  scoiu'ing  plants, 
all  of  this  material  is  wasted,  being  run  into  the  streams  of  the 
country,  seriously  polluting  the  waters  and  rendering  them  unfit 
for  domestic  and  many  industrial  purposes  without  purification  at 
great  expense. 

Analyses  of  a  large  number  of  samples  of  all  grades  of  unscoured 
wool,  both  domestic  and  foreign,  show  that  the  grease  content 
varies  from  6  to  42  per  cent,  averaging  14  per  cent;  that  the  water- 
soluble  matter  varies  from  6  to  33  per  cent,  averaging  14  per  cent; 
that  the  nitrogen  (other  than  that  of  the  wool)  varies  from  0.3 
to  1.1  per  cent,  averaging  0.6  per  cent;  and  that  the  potash  varies 
from  1  to  7  per  cent,  averaging  4  per  cent. 

Both  the  potash  and  the  nitrogen  compoimds  are  water-soluble, 
and  it  is  these  and  the  other  water-soluble  constituents  of  wool 
that  are  of  interest  as  fertiHzer  materials. 

Under  present  conditions,  the  wool  scouring  plants  of  this 
country  are  wasting  annually  potash  equivalent  to  approximately 
100,000  tons  of  Kainit,  worth  at  present  quotations  $840,000,  and 
42,000  tons  of  4.5  per  cent  tankage,  worth  $280,000  to  the  fertilizer 
manufacttner. 

A  number  of  attempts  have  been  made  both  in  this  country  and 
abroad  to  recover  potash  salts  and  other  valuable  constituents 
from  wool  scouring  waste,  but  apparently  without  success,  except 
for  the  relatively  small  proportion  of  grease  that  is  being  re- 
covered by  the  centrifugal,  cracking,  and  extraction  processes. 
The  problem  should  not  be  regarded  as  hopeless,  however.  It  is 
believed  that  wool  scouring  wastes  can  be  utilized  at  a  profit, 
and  that  before  long  some  procedure  other  than  running  them  into 
the  water  courses  of  the  country  must  be  developed.  In  fact, 
some  of  the  states  are  now  very  active  in  protecting  water  courses 
against  pollution  by  trade  wastes,  especially  against  wool  scour- 
ing wastes,  which  are  among  the  most  offensive  and  injurious. 
Wool  scouring  plants  must  purify  their  waste  wash  water  at 
great  expense  and  with  little,  if  any,  compensation  from  the  sale 
of  recovered  products. 

It  is  with  the  hope  of  working  out  economical  processes  for 
the  recovery  and  utilization  of  all  the  useful  constituents  of  wool 
scouring  wastes  that  these  investigations  were  begun  by  the 
Bureau  of  Chemistry.  The  cordial  cooperation  of  the  wool 
scouring  industry  on  the  one  hand  and  of  the  fertilizer  manu- 
facturer on  the  other,  without  which  the  work  cannot  be  carried 
to  a  successful  conclusion,  is  sought. 

Experiments  have  been  conducted  on  a  manufacturing  scale  in 
mixing  concentrated  wool  scouring  wastes  with  other  waste 
materials  for  the  purpose  of  determining  the  practicability  of 
economically  handling  the  material  in  the  fertilizer  factory. 
The  material  gave  no  trouble  and  the  fertilizer  manufacturer  is 
ready  to  use  the  material  as  soon  as  it  can  be  obtained  in  quantity, 
and,  of  course,  at  a  price  that  will  yield  him  a  profit.  "Base 
goods"  have  also  been  prepared  on  a  factory  scale,  using  the  con- 
centrated wool  scouring  liquors  as  the  soiu^ce  of  part  of  the  potash 
and  nitrogen.  These  experiments  have  also  shown  clearly  that 
there  is  no  difficulty  in  working  the  liquors  in  making  base  goods. 

1  Presented  before  the  Division  of  Fertilizer  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y..  September 
6  to  10,  1921. 

^  Chemist  in  Charge,  Leather  and  Paper  Laboratory. 


Experiments  to  emphasize  the  agricultural  value  of  the  waste  for 
fertilizer  purposes  are  also  in  progress. 

The  conpentrated  liquid  wool  scouring  waste  liquor  so  far  made 
contains  42  per  cent  of  moisture,  14  per  cent  of  K2O,  1.25  per  cent 
of  nitrogen,  and  14  per  cent  of  grease,  while  the  dried  and  de- 
greased  waste  contains  24.5  per  cent  K2O,  25.5  per  cent  nitrogen, 
and  0.6  per  cent  of  grease.  Fertilizer  material  made  from  the 
concentrated  waste  and  another  waste  material  on  a  factory  scale 
contains  6.5  per  cent  water-soluble  K2O,  6.1  per  cent  total  nitro- 
gen, 3.4  per  cent  water-soluble  nitrogen,  1.9  per  cent  aUcahne 
permanganate-,  and  1  per  cent  neutral  permanganate-insoluble 
nitrogen,  and  6.8  per  cent  of  grease.  This  material  is  in  excellent 
mechanical  condition,  may  be  handled  easily  in  fertilizer  mixing 
and  grinding  machinery,  and  in  addition  is  a  good  dryer,  with  a. 
dark  color  and  a  fine  strong  odor. 

The  work  that  has  so  far  been  done  strongly  indicates  that  wool 
scoiu'ing  waste  can  be  readily  handled  by  the  fertilizer  manufac- 
tta-er,  giving  him  another  source  of  potash,  nitrogen,  and  filler  of 
excellent  quality,  in  an  advantageous  form.  The  farmer,  the 
fertilizer  manufacturer,  the  wool  scoiu-er,  and  the  people  and 
industries  in  the  vicinity  of  wool  scouring  plants  will  benefit 
directly  or  indirectly  from  the  recovery  and  utilization  of  the 
valuable  but  offensive  and  dangerous  waste  if  it  can  be  recovered 
economically.  This,  one  of  the  most  important  points,  is  now 
being  investigated  with  every  hope  of  success,  provided  the  cordial 
cooperation  of  the  wool  scoirrers  and  the  fertilizer  manufacturers 
can  be  had.  So  far  the  response  of  these  industries  has  been 
most  gratifying. 


Reversion  to  Generalized  Types 

By  H.  W.  Jordan 

133  Stolp  Ave.,  Syracuse,  New  York 

Throughout  industrial  America  hundreds  of  graduate  chemists 
and  engineers,  ousted  from  their  modern,  specialized  industries 
by  economic  readjustment,  following  victory  in  the  chemists' 
world  war,  have  reverted  to  ancient,  generalized  commerce. 

Some  who  were  fortunate  enough  to  own  their  homes  are 
piecing  out  meager  commercial  incomes  by  discharging  the 
servant  and  renting  spare  rooms  Others  have  sold  their  homes 
and  have  condensed  their  families  within  two  boarding-house 
rooms.  To  make  a  living  they  are  selling  life  insurance  and 
unlisted  bonds;  dish  drainers  and  sewing  machines;  ice  cream 
pies  and  near-silk  underwear.  In  plodding  from  house  to  house, 
these  industrially  insoluble  scientists  are  making  a  lot  of  social 
analyses  upon  which  they  will  report  in  due  season. 

"Specialization  is  always  preparation  for  destruction.  Al- 
though representing  adaptation  to  existing  conditions,  it  becomes 
inadaptation  so  soon  as  those  conditions  change,"  said  Lester 
F.  Ward,  pioneer  of  American  sociology  in  his  classic  work, 
"Pture  Sociology,"  written  twenty  years  ago.  "The  law  of  the 
persistence  of  the  unspecialized  is  only  the  counterpart  of  the 
law  of  extinction  of  the  specialized.  What  we  have  in  the  living 
flora  of  the  globe  to  compare  with  those  great  fallen  races  of  the 
past  is  merely  the  persisting,  unspecialized  types  which  escaped 
destruction  simply  because  imspecialized,"  he  adds. 

Unless  we  chemists  and  engineers  broaden  our  field  of  re- 
munerative work  by  research  and  practical  scientific  activity 
in  cultivation  of  social,  economic  fields,  it  is  back  to  the  dish 
drainers  and  sewing  machines  for  us. 


May,  1922 
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The  Evaluation  of  Gelatin  and  Glue' 


By  Robert  Herman  Bogue' 


Mellon  Institute  of  Industrial  Research,  Pittsburgh.  Pennsylvania 


A  need  exists  for  standardization  in  gelatin  and  glue  testing. 
The  discussion  of  methods  in  the  following  paper  indicates  that 
this  need  arises  from  the  failure  of  present  methods  to  eoaluate  the 
material  correctly,  from  lacl(  of  standard  procedures  for  measuring 
properties,  and  from  the  absence  of  a  scientific  method  of  expxessing 
the  data  which  are  obtained. 

The  gelatin  content  of  glue  or  gelatin,  and  also  the  Joint  strength 
of  a  glue,  may  be  correctly  indicated  by  a  melting  point  determina- 
tion; neither  may  be  assumed  to  be,  in  all  cases,  proportional  to 
Jelly  consistency  or  to  viscosity  at  60"  C.  The  measurement  of  the 
viscosity  of  an  18  per  cent  solution  (dry  basis)  at  35°  C.  by  means 
of  the  MacMichael  viscosimeter  has  been  shown  to  be  especially  well 
adapted  as  an  indirect  estimation  of  the  differentiation  of  glues  and 
gelatins  in  the  order  of  their  melting  points,  and  is  recommended  as 
the  basis  for  the  primary  evaluation  of  these  products.  Tests  of 
Jelly  consistency  and  viscosity  at  60°  C.  are  of  value  in  secondary 
evaluation,  in  determining  the  adaptability  of  a  given  glue  to  a  given 
service.  Other  special  tests  are  of  course  of  value,  but  methods 
should  be  stated  and  a  uniform  method  of  expressing  results  should 
be  adopted. 

A  system  of  designating  the  grade  of  a  product,  based  on  the 
results  of  this  viscosity,  is  outlined  in  the  paper. 

VERY  few  substances  which  are  extensively  employed  in 
the  trades  and  the  arts  offer  so  much  embarrassment  to 
either  the  layman  or  the  chemist  in  defining,  or  specifying, 
or  testing  their  quality  or  purity  as  do  gelatin  and  glue.  Many 
factors  contribute  to  this  situation.  Commercial  gelatin  and 
glue  are  by  no  means  definite  substances,  and  simple  tests  for 
purity  are  not  available.  Tests  which  are  believed  by  one  set 
of  individuals  or  manufacturers  to  be  comprehensive  and  indica- 
tive of  certain  fundamental  properties  are  regarded  as  inade- 
quate or  untrustworthy  by  another  set.  Moreover  the  uses  for 
which  the  various  gelatins  and  glues  are  employed  are  so  diver- 
gent that  tests  or  analyses  which  may  be  entirely  adequate  for 
some  given  service  would  be  quite  useless  as  an  indication  of  the 
value  of  the  material  for  some  other  service. 

The  United  States  Bureau  of  Chemistry'*  in  1910  accepted 
Fembach's^  statement  that  chemical  analysis  gives  little  infor- 
mation in  regard  to  the  value  of  a  glue  except  in  a.  few  isolated 
and  unimportant  instances.  The  tests  described  by  the  Bureau 
of  Chemistry  Bulletin  are  moisture,  ash,  reaction,  gelatin  (nitro- 
gen X  5.56),  water  absorption,  viscosity(  Engler"),  jelly  strength 
(Lipowitz  method),  and  melting  point  (by  Cambon's  fusioraeter). 
Several  of  these  tests  are  certainly  obsolete.  Nitrogen  times  a 
factor  means  nothing  and  is  misleading,  unless  the  sample  be 
pure  unhydrolyzed  gelatin,  which  is  almost  never  the  case. 
Water  absorption  varies  with  too  many  incidental  factors,  and 
has  little  significance.  The  Engler  viscosity  test,  the  Lipowitz 
jelly  strength  test,  and  the  Cambon  melting  point  test  have  largely 
been  replaced  in  most  laboratories  by  more  recent  methods  or 
apparatus. 

Present  Methods 

The  procedures  in  current  use  for  the  evaluation  of  gelatin 
and  glue  are  based  primarily  upon  the  jelly  consistency  at  low  tem- 
peratures or  the  viscosity  at  high  temperatures,  and  secondarily 

'  Read  at  the  Symposium  on  Gelatin  and  Glue  before  the  New  York 
Section  of  the  American  Chemical  Society,  New  York.  N.  Y.,  January  6, 
1922. 

»  Industrial  Fellow  of  the  Mellon  Institute  of  Industrial  Research  of 
Pittsburgh,  and  Research  Chemist  for  Armour  and  Co.,  of  Chicafio. 

•  Numbers  in  the  text  refer  to  Bibliography  at  end  of  paper. 


upon  other  incidental  characteristics  which  depend  upon  the 
service  for  which  they  are  designed.  The  Peter  Cooper  system 
of  grading  may  be  taken  as  typical  of  American  practice.  Be- 
cause this  system  was  the  earliest  recognized  attempt  at  glue 
grading  in  this  country,  and  has  been  in  continuous  service  since 
its  inception  in  1844,  it  is  recognized  as  a  kind  of  American  stand- 
ard to  which  other  glues  produced  by  other  houses  may  be  re- 
ferred in  terms  that  will  be  at  least  partly  intelligible  to  the 
professional  glue  buyer.  The  various  manufacturing  houses  use 
symbols,  however,  expressive  of  their  several  grades,  which 
are  more  or  less  zealously  guarded  as  a  kind  of  relic  of  alchemic 
mystery,  but  the  consumer  is  enlightened  upon  their  meaning 
only  to  the  extent  of  learning  that  the  glue  in  question  is  equiv- 
alent in  jelly  strength,  for  example,  to  the  Peter  Cooper  grade 
I'/s,  or  equivalent  in  viscosity  to  the  Peter  Cooper  grade  1V4- 
Thus  the  Peter  Cooper  system  may  be  looked  upon  as  a  standard 
for  reference. 

Alexander'  has  proposed  the  substitution  of  figures  varying  by 
ten  points  each  for  the  symbols  of  Peter  Cooper,  and  has  de- 
fined the  jelly  strength  in  ounces  and  in  grams  at  10°  C.  (meas- 
ured by  his  jelly  strength  tester)  to  which  the  numbers  corre- 
spond. The  viscosity  test  (as  measured  by  his  instrument) 
is  also  used  by  him. 

Table  I  expresses  this  system  of  grading: 

Table  I — Alexander's  Glue  Standards 


Peter 

AUo' 

wable 

Jelly  Si 

■RENGTH 

Stand- 

Cooper 

Viscosity 

Variation 

In  Oz. 

In  G. 

ard 

Grade 

SO- 

C. 

in  Viscosity 

W  C. 

10°  C. 

10 

15. 

5 

± 

0.25 

20 

16 

± 

0.25 

30 

2" 

16. 

5 

± 

0.25 

40 

I'/s 

17 

± 

0.25 

'60 

i76i 

50 

IV. 

18 

± 

0.5 

82 

2324 

60 

1V« 

19 

± 

0.5 

104 

2948 

70 

I'A 

20 

=*: 

0.5 

126 

3572 

80 

!>/» 

21 

=fc 

0.5 

148 

4196 

90 

IV. 

22 

± 

0.75 

170 

4820 

100 

1  X 

23 

d= 

0.75 

192 

5443 

110 

1' 

24 

± 

0.75 

214 

6067 

120 

1  extra 

25 

± 

1 

236 

6691 

130 

A  extra 

26 

± 

3 

258 

7314 

140 

28 

± 

5 

150 

34 

± 

8 

160 

40 

± 

12 

Kahrs''  in  1898  proposed  a  rather  radical  departure  from  the 
then  existing  (and  still  existing)  disposition  on  the  part  of  glue 
manufacturers  to  grade  their  product  by  tests  which  were  in- 
telligible and  valuable  to  the  buyer.  He  urged  the  adoption 
of  four  tests,  i.  e.,  adhesion,  economic  value,  cohesion,  and 
congealing  point.  By  adhesion  he  meant  the  viscosity,  which 
was  expressed  in  terms  of  the  weight  of  dry  glue  necessary  to  make 
up  100  unit  weights  of  the  liquid  material  of  the  proper  viscosity 
for  application  in  joint  work.  This  figure  Kahrs  found  to  vary 
from  29  to  60.  That  is,  in  the  highest  grade  of  glue  a  29  per  cent 
solution,  and  in  the  lowest  grade  a  60  per  cent  .solution,  was 
required  to  give  a  liquid  of  the  correct  consistency  at  about 
60°  C.  for  service  in  joining  work. 

The  economic  value  was  obtained  by  multiplying  the  adhesion 
value  by  the  price  per  potmd  of  the  glue  in  question,  and  repre- 
sented therefore  the  price  of  100  lbs.  of  the  liquid  glue  ready  for 
application.  Thus  at  18  cents  for  the  highest  and  5.5  cents  for 
the  lowest  grades  (Kahrs'  figures)  the  cost  per  100  pounds  of  the 
liquid  glue  would  be  18  X  29  =  $5.22  for  the  highest  grade  and 
5.5  X  60  =  iis:?.30  for  the  lowest  grade. 

The  cohesion  or  strength  was  measured  by  the  crushing  strength 
of  the  glue  jelly  made  up  at  the  concentration  found  under  ad- 
hesion, and  at  a  temperature  of  65"  F.  (about  1S°C.).     The  high 
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temperature  was  used  as  it  more  nearly  approached  the  tem- 
perature at  which  the  glued  joints  would  be  used.  This  test 
was  later  substituted  in  part  by  an  actual  joint  strength  test. 

The  congealing  point  was  measured  as  the  temperature  at 
which  the  glue,  made  up  in  the  concentration  indicated  by  the 
adhesion  test,  congealed  to  a  jelly.  This  was  found  to  vary  from 
91°  to  75°  F.  and  the  interval  of  16°  was  divided  into  ten 
"setting  grades." 

The  test  of  the  glue  was  then  expressed  somewhat  as  shown  in 
Table  II. 

Table  II — Eahrs'  Glue  Tests 

Adhesion  Economic 

(Wt.  per  Value 

100  Lbs.  (Price  per          Cohe- 

Standard  100  Lbs.             sion              Congeal- 

Liquid)  Liquid)        (Strength)       ing  Point 


Price  per 
Number        Lb.,  Cents 


2942 
2924 


18 
5.5 


29.3 

57.8 


SS.27 
$3.18 


25  91.7 

15  77.5 


There  are  many  interesting  points  in  such  a  system.  The 
table  will  show  that  although  the  first  glue  costs  more  than  three 
times  as  much  as  the  second,  per  pound,  yet  per  unit  volume  of 
liquid  ready  to  use  it  costs  only  six-tenths  more.  But  it  is  shown 
to  be  worth  more  in  producing,  at  that  dilution,  a  greater  strength, 
and  in  setting  at  a  higher  temperature,  i.  e.,  more  rapidly  at  any 
given  temperature.  Such  a  system  enables  one  to  see  at  a  glance 
exactly  wherein  the  differences  in  the  glues  lie,  and  to  form  an 
intelligent  basis  for  judging  between  them.  It  at  least  gets 
down  to  salient  and  understandable  data,  which  is  much  more 
than  can  be  said  for  some  systems  now  in  use. 

Thiele'  bases  the  commercial  value  of  edible  gelatin  on  its 
viscosity  (Engler) ,  melting  point,  and  color  value. 

PRIMARY  AND  SECONDARY  TESTS — There  is  a  difference  of 
opinion  as  to  what  test  should  be  regarded  as  the  most  funda- 
mental. In  Germany  the  viscosity  test  proposed  by  Fels,' 
made  by  the  use  of  the  Engler  viscosimeter  at  35°  C,  seems  to 
be  in  greatest  favor.  In  Italy  a  combination  of  viscosity  and 
melting  point  is  used.'  In  France  and  England  the  viscosity 
test  and  the  melting  point  test  by  Cambon's  fusiometer  are 
employed.  In  this  country  the  jelly  consistency  or  strength  is 
probably  more  used  than  any  other  test,  although  the  viscosity 
test  is  in  favor  in  many  houses,  and  the  melting  point  test  by  va- 
rious methods  is  used.  The  quality  of  the  material  and  the  price 
are  primarily  rated  upon  these  tests — sometimes  a  single  one, 
and  sometimes  a  combination  of  two  or  more.  Clayton'  con- 
cludes that  the  "observations  seem  to  show  that  while  it  would 
be  rash  to  form  a  judgment  on  glue  from  a  single  test,  the 
evidences  afforded  by  a  number  may  be  irresistible.  The  ex- 
pert's .surest  system  appears  to  be,  not  to  rely  on  single  short- 
cut tests  of  general  quality,  but  to  employ  a  number  of  methods 
including  any  having  special  bearing  on  the  prospective  or 
present  uses  of  the  glue,  and  then  to  base  his  conclusions  on  a 
consideration  of  all  the  results  together."  And  Alexander'  who 
cites  the  above,  adds,  "The  truth  of  the  matter  is  that  the  figures 
have  a  partial  value,  and  then  only  to  a  glue  expert."  That  is 
precisely  the  situation  that  the  chemist  should  set  himself  to 
eradicate.  Figures  which  mean  little  or  nothing  should  be 
substituted  if  possible  by  data  which  do  mean  something,  and 
which  persons  other  than  glue  experts  may  comprehend. 

The  secondary  basis  for  glue  or  gelatin  evaluation  lies  in  many 
or  few  other  tests  which  are  employed  to  determine  the  appli- 
cability of  the  material  for  any  special  service.  For  example, 
where  the  glue  is  to  be  used  in  mechanical  spreaders,  the  tendency 
to  foam  is  imdesirable,  and  the  foam  test  is  of  value.  If  the 
glue  is  to  be  applied  by  hand,  the  foam  test  is  of  little  or  no 
significance.  If  the  glue  is  for  use  on  paper  as  a  size  or  on  wall 
paper  as  a  binder  for  the  clay  filler,  grease  should  not  be  present 
in  large  amount,  because  it  would  form  little  droplets,  making 
elliptical  "eyes"  or  spots  on  the  paper.  In  admixture  with  cer- 
tain dyes  the  presence  of  acid  or  alkali  is  not  permissible  as  the 
dye  would  be  affected  in  one  way  or  another.     Suitable  tests 


must  accordingly  be  made  upon  glues  designed  for  such  purposes. 
Gelatin  for  use  in  photographic  films  or  in  printing  rollers  must 
have  high  jelly  strength;  if  used  for  food  or  medicinal  purposes 
it  must  be  free  from  harmful  impurities;  if  used  in  making 
marshmaUows  or  other  emulsions,  a  high  viscosity  and  foam 
are  desirable.  Such  a  list  could  be  greatly  extended,  and  the 
adaptability  of  any  glue  or  gelatin  for  its  several  uses  is  largely 
determined  by  such  secondary  tests. 

The  influence  which  such  properties  should  exert  upon  the 
selling  price  of  the  product  should  be  proportional,  however, 
only  to  the  extra  cost  involved  in  manufacturing  any  special- 
ized type  of  material,  and  on  the  laws  of  supply  and  demand. 
If  an  extra  clear  glue  is  required  the  consumer  should  be  properly 
expected  to  pay  for  the  extra  cost  of  clarification  and  filtration, 
and  such  extra  cost  should  properly  be  figured  on  a  sliding 
scale,  dependent  upon  the  final  color  and  clarity,  to  be  added  to 
the  cost  of  the  untreated  glue  of  the  corresponding  grade.  For 
the  textile  trades  where  precipitation  with  alum  must  not  occur; 
for  veneer  glues  where  foam  is  very  objectionable;  and  for  all 
other  trades  requiring  glues  of  specific  properties,  the  price 
should  similarly  be  based  upon  a  sliding  scale  to  be  applied  to 
the  market  price  of  the  regular  corresponding  grade.  Where  no 
extra  cost  is  involved  in  the  production  of  a  specified  glue, 
the  sliding  scale  may  apply  according  to  the  usual  dictum  supply 
and  demand,  but  it  would  seem  most  expeditious  to  base  all  such 
variations  upon  a  standard  primary  evaluation. 

Diversity  of  Current  Tests 

The  very  large  number  of  tests  that  have  been  used  or  pro- 
posed for  carrying  out  the  desired  or  required  measurements 
makes  it  impossible  at  this  time  properly  to  discuss  each  and 
bring  out  the  several  merits  and  disadvantages  attendant  upon 
their  use.  In  order,  however,  that  some  conception  may  be  had 
of  the  extent  and  diversity  of  the  proposed  methods,  a  brief  com- 
pendium may  not  be  out  of  place. 

For  the  measurement  of  jelly  consistency,  the  finger  test,' 
made  by  pressing  the  fingers  on  the  jelly  and  comparing  the 
firmness  with  that  of  a  standard  jelly  under  identical  conditions, 
is  still  highly  regarded  by  some  testers.     Of  the  early  instruments 
proposed,  the  one  designed  by  Lipowitz'"  in  1861  is  still  much  used. 
The  test  consists  in  adding  shot  to  a  funnel,  placed  over  a  piston 
resting  on  a  jelly,  until  the  piston  is  forced  nearly  to  the  bottom 
of  the  glass,  and  the  result  expressed  in  terms  of  the  weight  of 
shot  plus  the  weight  of  the  apparatus.     Kissling"  noted  the 
time  taken  by  rods  of  different  metals  to  sink  through  the  jelly. 
Valenta'^   used   a  modified   form   of  the  Lipowitz  instrument. 
Scott"  forced  a  rod,  terminating  in  a  conical  metallic  head,  into 
a  jelly  placed  on  a  spring  balance,  and  measured  the  deflection  of 
the  pointer  at  the  moment  the  surface  of  the  jelly  was  broken. 
Alexander'  forced  a  cylindrical  brass  cup  down  upon  a  block  of 
jelly,  in  the  form  of  a  truncated  cone  which  had  been  removed 
from  its  container,  by  the  addition  of  lead  shot  to  the  cup,  until 
a  certain  outward  expansion  was  reached,  which  point  was  in- 
dicated by  the  closing  of  an  electrjc  circuit  causing  a  bell  to  ring. 
The  weight  of  the  shot  and  cup  indicated  the  strength  of  the  jelly. 
Sindall  and  Bacon'*  poured  mercury  into  a  glass  bulb,  placed 
upon  the  abraded  surface  of  a  jelly,  until  the  bulb  was  forced  to 
a  half  inch  from  the  bottom,  and  then  weighed  the  mercury. 
The  Forest  Products  Laboratory'*  at  Madison,  Wisconsin,  has 
adopted  an  instrument  by  which  a  weighted  conical  brass  head 
is  allowed  to  rest  upon  a  jelly.     By  means  of  scale  marked  upon 
a  frame  in  which  the  plunger  slides,  the  depression  of  the  plunger 
may  be  read  off  in  millimeters.     E.  S.  Smith'*  measured  the 
hydrostatic   pressure  necessary   to   force   a   rubber   diaphragm 
downward  into  a  jelly  a  specified  amount.     Hulbert"  has  sug- 
gested a  modification  of  this  instrument.     Low"  has  reported 
very  satisfactory  results  from  the  use  of  Smith's  original  instru- 
ment, and  regards  it  as  more  suitable  for  general  glue  work  than 
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the  modification  of  Hulbert.  C.  R.  Smith"  causes  a  truncated 
cone  of  jelly  to  solidify  in  a  funnel  and  then  applies  reduced 
pressure  to  the  under  surface  and  measures  the  depression  of 
the  upper  surface.  Sheppard  and  his  collaborators^"  have  de- 
veloped an  instrument  by  which  the  torsional  stress  of  a  cylinder 
of  jelly  is  obtained,  as  well  as  the  actual  breaking  load.  He 
employs  the  formula 

Breaking  load  X  per  cent  twist 
Cross-section  area 

as  the  true  measure  of  the  jelly  strength.  This  is  the  only  truly 
scientific  method  that  has  yet  been  proposed.  Oakes"  has  de- 
scribed the  Schweizer  jelly  testing  apparatus,  which  consists  of 
a  balance,  in  one  pan  of  which  is  placed  an  empty  beaker,  and 
to  the  bottom  of  which  is  soldered  a  blunt  plunger.  These  are 
counterpoised  so  that  the  pointers  rest  at  zero.  The  jelly  in  a 
tumbler  is  brought  into  contact  with  the  plunger,  and  water  is 
allowed  to  run  into  the  beaker  until  the  pointer  has  reached  an 
arbitrarily  fixed  deflection. 

In  viscosity  measurements  the  situation  is  about  the  same. 
The  Saybolt,  Engler,  and  Redwood  instruments  have  all  been 
used.  Pipet  types  of  various  designs  have  been  described^-  and 
one  or  another  of  these  seems  in  general  to  be  most  widely  used. 
Cope*'  applied  a  centrifugal  force  to  the  liquid  while  emerging 
through  a  capillary.  C.  R.  Smith**  and  Faust*'*  have  applied 
the  "bubble  method"  by  noting  the  time  taken  for  a  bubble  of 
air  of  standard  size  to  rise  a  given  distance  tln-ough  the  liquid. 
Stokes'  falling  sphere  method  has  been  applied  recently  by  Shep- 
pard,*' Gibson  and  Jacobs,*'  and  Fischer.**  Flowers"  has  added 
the  rolling  sphere  method  to  the  list.  Doolittle'"  described  an 
instnmient  of  the  torsional  type,  an  oscillating  cylinder  being  sus- 
pended in  the  liquid.  Garrett"  has  used  a  very  similar  device. 
The  Couette  instrument,'*  somewhat  similar  except  that  the 
cup  containing  the  liquid  is  very  slowly  rotated,  has  been  used 
by  Hatschek''  for  exact  studies  on  the  viscosity  of  emulsoids.  The 
Stormer  viscosimeter  has  been  employed  by  Rogers  and  Sabin,'* 
Rigg  and  Carpenter,'^  and  Higgins  and  Pitman."*  The  Mac- 
Michael  instrument,  described  by  MacMichael,"  Herschel,"  and 
Hayes  and  Lewis,"  has  been  employed  with  success  upon  animal 
glues  by  Bogue*"  and  upon  casein  glues  by  Zoller." 

Many  methods  have  likewise  been  suggested  for  the  melting- 
point  determination.  Chercheffski**  measured  the  temperatiu-e 
at  which  small  cubes  of  jelly  became  soft  enough  to  lose  their 
cohesion.  Kissling*'  noted  the  temperature  at  which  the  surface 
of  a  jelly  in  a  test  tube  placed  horizontally  became  inclined. 
Winkelblech<*  shook  a  glue  solution  in  cold  water  until  the  mate- 
rial had  reached  a  consistency  such  that  the  thermometer  placed 
vertically  therein  remained  stationary.  Kiittner  and  Ulrich** 
describe  the  use  of  Cambon's  fusiometer  which  consists  of  a  me- 
tallic bowl  of  given  dimensions  and  weight.  A  glue  is  allowed 
to  gel  therein,  a  rod  being  held  in  a  vertical  position  in  the  solu- 
tion. The  whole  is  then  placed  in  a  beaker  of  warm  water,  sus- 
pended by  the  rod,  and  the  temperature  at  which  the  bowl  drops 
from  the  rod  taken  as  the  melting  point.  Herold"  allowed  a 
thermometer  to  become  congealed  in  a  test  tube  of  glue,  and 
noted  the  temperature  at  which  the  tube  fell  away  from  the 
thermometer  when  suspended  in  water.  Sammett*'  noted  the 
order  of  melting  of  various  samples  of  glue  when  the  water-swol- 
len granules  were  placed  on  an  inclined  copper  strip  dipping  in 
warm  water.  Clark  and  DuBois"  determined  the  minimum 
concentration  of  a  gelatin  which  would  remain  firm  when,  after 
making  into  a  jelly  below  10°  C,  the  material  was  brought 
up  to  the  temperature  of  10°.  C.  R.  Smith"  determined  the 
temperature  at  which  a  gelatin  solution  maintained  a  stipulated 
degree  of  viscosity,  as  obtained  by  the  "bubble"  method.  Bogue*" 
has  found  the  viscosity  at  32°  to  35°  C.  to  differentiate  glues  cor- 
rectly according  to  their  melting  points.  Sheppard  and  Sweet'" 
have  determined  the  temperature  at  which  bubbles  of  air  under 
a  definite  low  pressure  cease  to  flow  through  a  gelatin  sol. 


Many  other  kinds  of  tests  have  also  been  suggested.  The 
adhesive  strength  test  has  been  used  by  Khars,"  GiU,'*  Rudeloff," 
the  Forest  Products  Laboratory,"  and  others.''  The  tensile 
strength  has  been  employed  by  Setherberg,'"  Gill,'*  and  Hopp." 
Optical  rotation  has  been  applied  to  glue  testing  by  C.  R.  Smith." 
The  swelling  capacity  and  rate  of  setting  are  occasionally  men- 
tioned as  criteria  for  glue  value." 

Several  proposals  have  likewise  been  made  for  evaluating 
glues'  and  gelatins  by  chemical  means.  Stelling"  precipitates 
the  gelatin  with  alcohol  and  determines  the  percentage  of  "non- 
glues"  by  evaporating  aliquot  portions  of  the  filtrate.  Pre- 
cipitation of  the  gelatin  by  tannin  has  been  used  by  a  number  of 
early  investigators.  Jean'"  used  an  excess  of  tannin  and  de- 
termined the  excess  with  iodine.  The  value  of  his  glues  was  then 
proportional  to  the  amount  of  tannin  required  for  precipitation. 
Modifications  of  this  procedure  were  used  by  Gantter,"  Miiller,'* 
Halla,"'  and  Trunkel.'*  The  picric  acid  precipitation  was 
applied  by  Berrar."  Fahrion"  estimated  the  water  ash,  im- 
saponifiable  matter,  fatty  acids,  and  oxyacids,  and  by  subtrac- 
tion from  100  obtained  "proteid  substance."  Mavrojannis*' 
proposed  the  use  of  formaldehyde  to  separate  protein  and  pro- 
teose from  the  more  completely  hydrolyzed  peptones  and  amino 
acids.  Greifeuhagen,  Konig,  and  SchoU'*  recommend  the  use 
of  mercuric  chloride  and  zinc  sulfate.  The  former  they  claim 
throws  down  only  proteoses,  while  the  latter  precipitates  both 
protein  and  proteose.  By  difference  the  protein  is  calculated. 
Trotman  and  Hackford"  separated  the  "albumoses,"  which 
included  both  protein  and  proteose,  by  saturating  the  solution 
with  zinc  sulfate.  Bogue'"  has  thrown  down  the  protein  with 
half-saturated  magnesium  sulfate  and  the  protein  and  proteose 
together  with  the  saturated  salt. 

This  description  of  methods  is  sufficiently  comprehensive  to 
enable  one  to  appreciate  more  clearly  just  what  is  signified  by 
the  statement  that  there  is  no  standard  procedure  for  the  testing 
of  glues  and  gelatins.  In  the  absence  of  such  a  standard  method, 
the  diversity  of  tests  used,  as  shown  above,  makes  hopeless 
any  attempt  at  an  intelligent  understanding  of  the  complete 
significance  of  glue  grades. 

The  Scientific  Basis  op  Evaluation 

Recent  researches  upon  gelatin  have  brought  to  light  many 
relationships  that  should  be  incorporated  into  the  scheme  of 
primary  evaluation.  From  the  point  of  view  of  the  chemist, 
gelatin  is  a  chemical  compound,  a  pure  protein,  and  glue  is  a 
mixture  of  gelatin  with  the  products  of  gelatin  hydrolysis, 
sometimes  referred  to  as  /3-geIatin,  and  other  impurities  in  vary- 
ing amounts.  Commercial  gelatin  and  glue  should,  therefore, 
from  the  standpoint  of  chemical  constitution  be  primarily  eval- 
uated in  terms  of  the  proportion  of  piu'e  unhydrolyzed  gelatin 
which  is  contained  in  the  material.  From  the  point  of  view  of 
the  major  glue  trade,  i.  e.,  the  use  of  glue  as  an  adhesive,  glue 
should  be  evaluated  in  terras  of  the  strength  of  the  joint,  pro- 
duced under  the  most  favorable  conditions,  which  may  be  made 
with  the  material.  Fortunately  these  two  points  of  view- 
that  of  the  chemist  and  that  of  the  joiner — have  been  shown  to 
be  identical.  The  glue  with  the  largest  amount  of  unhydrolyzed 
gelatin  produces  the  strongest  joint.'" 

In  the  primary  evaluation  of  the  material,  therefore,  one  or 
the  other  of  these  two  properties  should  be  measured,  or  else 
some  variable  which  has  been  found  by  repeated  and  exhaustive 
tests  to  be  directly  dependent  upon  these  properties,  and  to 
express  them  correctly.  The  direct  determination  of  either  the 
gelatin  content  or  the  joint  strength  is  difficult  and  impracticable 
for  routine  control.  So  the  alternative  procedure  must  be 
adopted.  Extensive  tests  have  been  made  in  the  author's'" 
laboratory  upon  the  relations  which  the  jelly  strength,  the 
viscosity,  and  the  melting  point  bear  both  to  gelatin  content 
and  to  joint  strength,  and  the  data  obtained  show  clearly  that 
if  the  viscosity  be  held  constant  the  gelatin  content  and  joint 
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strength  will  v.ary  as  the  jelly  consistency,  while  if  the  latter 
be  held  constant  these  properties  will  vary  as  the  viscosity. 
But  the  jelly  consistency  and  the  viscosity  are  also  shown  to 
bear  the  same  relation  to  the  melting  point,  while  the  latter  ap- 
pears to  define  with  precision  the  gelatin  content  and  the  joint 
strength.  Any  method,  therefore,  which  accurately  estimates 
the  melting  point  or  differentiates  the  glues  in  the  same  order  as 
would  result  from  the  melting  point  test  should  be  a  satisfactory 
basis  for  evaluation.  In  most  glues  and  gelatins  the  viscosity 
and  the  jelly  consistency  are  perfectly  parallel  functions,  and  a 
given  jelly  consistency  will  imply  a  definite  viscosity,  or  vice  versa, 
but  there  are  many  exceptions  to  this  generality — so  many  in  fact 
that  were  we  to  use  either  the  jelly  consistency  or  the  viscosity 
alone  as  a  basis  of  evaluation,  a  large  number  of  glues  would  be  in- 
correctly graded.  For  example,  a  given  glue  of  V/t  grade  (Peter 
Cooper)  and  22  viscosity  (Alexander)  may  show  a  joining  strength 
of,  say,  2000  lbs.  per  sq.  in.  The  same  grade  with  a  viscosity  of 
23  may  show  perhaps  2200  lbs.  Or  a  grade  of  iVs  and  a  vis- 
cosity of  22  may  show  1800  lbs.  Obviously,  if  evaluation  were 
correctly  based  upon  jelly  consistency,  the  first  two  examples 
should  show  the  same  strength,  and  if  based  upon  viscosity  (at 
60°  to  80°  C),  the  first  and  third  examples  should  be  identical. 

The  melting  point  appears  to  be  controlled  by  both  the  jelly 
consistency  and  the  viscosity,  and  would  therefore,  in  the  cases 
cited,  be  highest  in  the  second,  intermediate  in  the  first,  and  low- 
est in  the  third,  which  is  also  the  order  of  the  strength.  The 
melting  point  test  seems  in  fact  to  be  the  most  readily  available 
and  practicable  test  as  the  basis  for  glue  and  gelatin  evaluation. 

There  are  many  methods  by  which  the  melting  point  may  be 
measured,  but  most  of  these  are  inexact,  and  on  account  of  the 
time  required  for  the  gel  and  sol  forms  to  come  to  a  true  equi- 
librium, procedures  intended  to  measure  the  precise  temperature 
of  melting  of  the  jelly,  or  setting  of  the  sol,  are  likely  to  be  inac- 
curate. In  an  attempt  to  find  a  more  rapid  and  accurate  method 
for  measuring  this  property,  Bogue  found  that  by  plotting  the 
curve  of  viscosity  at  regrularly  decreasing  temperatures,  and 
extrapolating  to  the  temperature  where  the  viscous  flow  would 
be  nil,  the  figures  obtained  corresponded  remarkably  well  with 
those  obtained  by  several  other  methods  of  melting-point  de- 
termination, both  direct  and  indirect.  But  it  was  further  ob- 
served that  the  same  order  of  differentiation  of  the  glues  was  ob- 
tained by  merely  taking  the  viscosity  readings  at  a  low  tempera- 
ture (32°  to  35°  C).  This  order  was,  in  most  cases,  the  same  as 
the  order  of  viscosity  at  60°  C,  and  the  order  of  jelly  consis- 
tency at  15°  C,  but  in  all  of  those  glues  in  which  the  viscosity 
was  abnormal  to  the  jelly  consistency,  or,  vice  versa,  the  viscos- 
ity at  32°  to  35°  was  found  to  give  a  value  intermediate 
between  those  two  properties;  to  correspond  with  the  true 
melting  point ;  and  to  be  precisely  indicative  of  the  gelatin  content 
and  the  joint  strength  of  the  product,  which  was  not  true  of 
any  other  test.* 

The  most  satisfactory  means  for  making  this  low  temperature 
viscosity  test  was  found  to  be  by  the  use  of  the  MacMichael  vis- 
cosimeter.  The  advantages  attendant  upon  the  u,=e  of  this 
instrument  were  found  to  be  as  follows : 

1 — The  tests  could  be  made  very  rapidly.  In  fact,  if  the 
glues  are  ready  in  a  water  bath  at  the  proper  temperature,  t  the 
viscosity  tests  may  be  made  at  the  rate  of  about  one  per  minute. 

2 — The  instrument  is  a  standard  make,  obtainable  anywhere, 
so  that  its  adoption  would  eliminate  the  multitudinous  array  of 
pipet  and  other  forms  of  viscosimeter  now  in  use.     This  would 


*  The  temperature  of  32°  to  35°  has  been  shown  by  C.  R.  Smith  and  by 
R.  H.  Bogue  to  be  especially  significant.  Smith  found  this  to  be  the  tem- 
perature above  which  the  gel  form  could  not  exist  (Loc.  citj,  and  Bogue 
found  it  to  be  the  temperature  above  which  evidence  of  plastic  flow  could 
not  be  observed  {J .  Am.  Chem.  Soc,  in  print). 

t  The  glues  after  being  soaked  in  the  proper  amount  of  water  (see  be- 
low) should  be  warmed  to  60°  C,  and  allowed  to  cool  to  35°  before  taking 
the  viscosity.  If  they  are  not  thus  preliminarily  heated  the  readings  will 
he  erratic  and  unreliable,  no  matter  how  tested. 


make  for  the  standardization  which  is  so  sorely  needed  in  glue 
testing   practice. 

3 — The  instrument  is  especially  well  adapted  to  a  rapid  con- 
version of  the  readings  into  the  absolute  degree  of  viscosity,  the 
centipoise.  The  calibration  of  the  instrument  takes  but  a 
short  time,  and  a  conversion  curve,  which  is  a  perfectly  straight 
line,  may  be  plotted,  so  that  the  MacMichael  degrees  may  be 
read  off  in  centipoises  by  a  mere  glance  at  the  curve,  t     The 
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centipoise  imit  as  a  .standard  for  expressing  all  viscosity  measure- 
ments cannot  be  too  strongly  urged.  The  value  would  be  en- 
tirely independent  of  the  size  of  torsion  wire  used,  or  the  speed  of 
rotation  of  the  cup,  and  expresses  almost  exactly  the  specific 
viscosity  of  the  material,  water  taken  as  unity,  at  20  °  C. 

4 — Under  the  conditions  at  which  the  instrument  would  be 
used  in  glue  testing,  the  errors,  which  are  of  considerable  magni- 
tude with  many  types  of  viscosimeter,  e.  g.,  the  development  of 
turbulent  flow,  the  increasing  loss  in  head  during  the  measure- 


X  The  conversion  curve  of  the  instrument  employed  by  the  writer, 
with  the  use  of  wire  number  E  and  at  a  speed  of  69  revolutions  per  minute,  is 
shown  in  the  accompanying  figure.  Castor  oil  was  used  at  the  advice  of 
the  Bureau  of  Standards,  as  the  calibrating  liquid,  the  absolute  viscosity 
of  which  at  varying  temperatures  is  given  in  the  U.  S.  Bureau  of  Standards 
Tedi,  Paper  112  (1919),  24.  For  the  convenience  of  the  reader,  a  part  of 
the  data  there  presented  is  given  herewith: 

Absolute  Viscosity  of  Castor  Oii. 


Temperature 

Viscosity  in  Centipoises 

18 

1162.5 

20 

986 

22 

834 

24 

706 

26 

604 

28 

521 

30 

451 

32 

394 

34 

340 

36 

294 

38 

258 

40 

231 

65.6 

60.5 

100 

16.9 

Each  instrument  with  any  given  wire  and  speed  must  be  separately  cali- 
brated, but  since  the  curve  is  a  straight  line,  only  three  or  four  different 
temperature  readings  are  required.  By  using  wire  No.  27  and  adjusting  to 
a  speed  of  about  56.5  r.  p.  ra.,  the  absolute  viscosity  in  centipoises  could  be 
read  directly. 
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merit,  inconstant  and  faulty  drainage,  the  change  of  temperature 
during  measurement,  the  abnormal  values  obtained  when  in- 
soluble material,  such  as  zinc  oxide,  is  present,  etc.,  are  almost 
entirely  eliminated.  The  straight  line  nature  of  the  conversion 
curve  also  makes  for  greater  accuracy  in  computing  the  abso- 
lute viscosity  from  the  instrument  reading,  and  by  a  proper 
adjustment  of  the  wire  and  the  speed  of  rotation  the  absolute 
viscosity  in  centipoises  may  be  read  directly. 

A  Rational  System  op  Evaluation 

Our  discussion  has  shown,  therefore,  that  the  gelatin  content 
of  a  glue  or  gelatin,  and  also  the  joint  strength  of  a  glue,  may  be 
correctly  indicated  by  a  melting-point  determination,  while 
neither  may  be  correctly  assumed  to  be,  in  all  cases,  propor- 
tional to  either  the  jelly  consistency  or  the  viscosity  at  60°  C. 
alone.  Inasmuch  as  the  primary  evaluation  of  the  material 
should  be  based  upon  some  fundamental  and  scientifically  se- 
lected property  or  properties,  it  seems  that  gelatin  content  and 
joint  strength  should  be  chosen.  It  is  especially  happy  that  these 
two  properties  are  parallel.  Since  the  melting  point  has  been 
shown  to  indicate  the  gelatin  content  and  the  joint  strength, 
it  seems  that  this  determination,  either  directly  or  indirectly 
made,  should  be  selected  as  a  measure  of  the  fundamental  con- 
stitution and  properties  of  the  material.  The  measurement  of 
the  viscosity  of  a  20  per  cent  solution  atj2°  to  js°  C.  by  means  of 
the  MacMichael  viscosimeter  has  been  shown  to  be  especially 
well  adapted  as  an  indirect  estimation  of  the  differentiation  of 
glues  and  gelatins  in  the  order  of  their  melting  points. 

Different  grades  of  glues  and  gelatins  normally  vary  in  water 
content  from  about  10  to  17  per  cent,  the  higher  grades  retain- 
ing the  larger  amount  of  water.  Of  even  greater  importance 
in  evaluation  is  the  ability  of  any  given  sample  of  any  grade  to 
take  up  or  lose  water  according  to  the  humidity  and  tempera- 
ture of  storage.  Glues  have  been  found  to  vary  in  water  con- 
tent from  9  to  18  per  cent  from  this  cause  alone. 

It  is  obvious,  therefore,  that  a  20-g.  sample  may  contain 
between  16.4  and  18.2  g.  of  dry  glue,  and  since  this  is  made,  for 
the  viscosity  test,  to  100  g.  with  water,  the  percentage  of  dry 
glue  used  in  the  tests  will  vary  between  16.4  and  18.2  per  cent. 
This  is  sufficient  to  modify  very  seriously  the  viscosity  or  any 
other  test  made  which  varies  with  the  concentration.  In  order 
to  eliminate  this  uncertain  variable  it  is  necessary  to  make  a 
moisture  determination  before  weighing  up  the  samples  ;for 
fiu-ther  tests,  and  it  is  suggested  that  the  amount  of  glue  to  be 
used  for  the  viscosity  test  be  stipulated  as  the  equivalent  of  18  g. 
of  dry  glue  made  up  to  100  g.  with  water.  The  temperature  of 
35°  is  probably  preferable  to  32°  as  there  is  less  change  in  vis- 
cosity with  time  at  the  higher  value. 

If  this  test  be  accepted  for  the  above-stated  purpose,  it  fol- 
lows that  the  tests  for  jelly  consistency  and  for  viscosity  at  60° 
C.  are  no  longer  of  service  for  primary  evaluation,  and  may  be 
safely  discarded  as  such.  They  may,  however,  be  of  great  value 
in  secondary  evaluation,  i.  e.,  in  determining  the  adaptability 
of  a  given  glue  to  a  given  service.  For  example,  the  jelly  con- 
sistency would  be  of  value  in  selecting  glues  for  printers'  rollers, 
and  the  rapidity  of  setting  of  the  jelly  as  well  as  the  viscosity  at 
working  temperatures  would  be  desirable  data  for  the  wood- 
working industry. 

Another  test  which  recent  investigation  has  shown  to  be  of 
considerable  importance  in  determining  the  properties  of  a  glue 
or  gelatin  is  the  H-ion  concentration.''^  If  the  pH  value  is  4.7 
the  viscosity,  swelling,  etc.,  are  low,  and  the  product  nearly  in- 
soluble. On  either  side  of  this  point  these  properties  increase 
very  considerably,  attaining  their  maxinnmi  on  the  acid  side  at 
pH  =3.5,  and  on  the  alkaline  side  at  pH  =9.0.  At  greater  acidity 
than  pH=3.5  or  at  greater  alkalinity  than  pH=9.0  these  prop- 
erties again  decrease.  The  pH  value  indicates  therefore  not 
only  the  reaction  of  the  material,  and  the  degree  of  acidity  or 
alkalinity,  but  also  the  proximity  of  the  substance  to  the  points 
of  maximum  or  minimum  properties.     The  measurement  may 


be  made  by  cither  electronietric  or  colorimetric  means.'''  One 
per  cent  solutions  are  best  used  in  either  case,  and  the  results 
expressed  in  terms  of  pH  to  the  nearest  tenth. 

The  methods  that  may  be  employed  for  the  estimation  of  the 
secondary  properties  should  likewise  receive  attention  that  the 
results  may  be  expressed  in  uniform  terms.  Tha  jelly  consistency 
test  is  perhaps  most  conveniently  made  by  the  use  of  the  in- 
strument described  by  the  Forest  Products  Laboratory"'  and 
expressed  in  millimeters  of  depression,  although  for  some  more 
exacting  requirements,  as  in  the  selection  of  gelatin  for  photo- 
graphic purposes,  the  more  elaborate  and  scientific  method  of 
Sheppard-*  may  be  used  to  advantage.  The  viscosity  at  working 
temperatures,  60°  C,  may  be  made  with  the  MacMichael 
viscosimeter  upon  an  18  per  cent  solution  (dry  basis)  and  the 
results  expressed  either  in  centipoises,  or,  following  the  sugges- 
tion of  Kahrs,  in  pounds  of  dry  glue  which,  when  made  up  to  a. 
weight  of  100  lbs.  with  water,  will  produce  a  solution  of  a  given 
standard  viscosity  at  60°  C.  as,  for  example,  600  centipoises. 
The  foam  test  may  be  made  upon  the  same  solution  in  a  stand- 
ard glass,  by  means  of  an  egg  beater  turned  at  a  stated  velocity 
of  about  four  revolutions  per  second  for  30  sec,  and  measured 
after  10  sec,  as  millimeters  of  foam.  The  grease  test  may  usually 
be  made  with  sufficient  satisfaction  by  making  a  streak  of  the 
glue,  to  which  a  dye  such  as  turkey  red  has  been  added,  on  a  sheet 
of  paper.  Better  still,  the  glue  may  be  mixed  with  the  calcimine 
or  color  base  with  which  it  is  intended  to  be  used,  and  streaks 
made  on  paper.  The  appearance  may  be  specified  according  to 
the  information  desired.  The  form  of  the  product  as  flake, 
sheet,  ribbon,  foil,  or  ground,  should  be  noted.  If  the  glues 
have  been  treated  to  produce  a  clear  light  product,  the  degree  of 
clarity  and  color  should  be  indicated.  This  may  usually  be  done 
with  sufficient  satisfaction  by  such  terms  as  light,  clear,  medium, 
amber,  etc.,  or  by  numerical  designations  as  No.  1,  No.  2,  etc. 
Exact  color  data  are  best  obtained  by  the  elaborate  instrument 
of  the  Eastman  Kodak  Company.  If  the  glue  is  colored,  or 
crazed,  or  presents  any  particular  property,  it  should  be  mentioned. 
The  odor  should  be  noted  in  the  warm  solution,  and  a  strong  or 
sour  odor  should  not  develop,  in  good  glues,  within  48  hrs.,  at 
30°  to  40°  C. 

In  some  cases  special  tests  will  be  required,  as  for  ash, 
precipitation  with  aluminium  salts,  etc.;  in  the  case  of  gelatin 
for  edible  purposes  copper,  zinc,  arsenic,  and  sulfur  dioxide  may 
be  determined,  and  in  some  cases  qualitative  tests  for  pre- 
servatives are  necessary.  These  are  made  in  accordance  with  the 
customary  scheme  for  the  examination  of  foods,  as  set  forth 
in  the  official  publications  of  the  Association  of  Official  Agricul- 
tural Chemists."  and  need  not  be  repeated  here. 

For  the  purpose  of  fixing  an  abstract  valuation,  or  for  the 
estimation  of  tariff  duties  on  imports,  the  primary  evaluation 
only  need  be  made. 

Differentiation  between  Edible  Gelatin  and  Glue 

The  methods  in  common  use  for  distinguishing  between 
edible  gelatin  and  glue  are  based  upon  a  few  tests  that  are  ad- 
mittedly inadequate.  The  material  is  examined  for  copper, 
zinc,  and  arsenic,  the  maximum  permissible  in  edible  gelatin 
being  30,  100,  and  1.4  p.  p.m..  respectively.  The  total  ash  is 
determined,  the  assumption  being  that  a  glue  is  usually  higher 
in  ash  than  a  pure  gelatin.  The  jelly  consistency  is  noted,  it 
being  assumed  that  a  glue  will  show  much  lower  values  for  this 
property  than  gelatin.  And  the  general  appearance,  color,  and 
odor  are  noted,  only  reasonably  clear  and  perfectly  sweet  gelatin 
being  passed  favorably.  Sulfur  dioxide  is  sometimes  determined, 
but  its  presence  is  permitted  in  reasonable  amounts.  A  bacte- 
riological examination  might  be  of  value  as  an  additional  test, 
but  many  instances  have  been  met  where  a  gelatin  gave  off  an 
offensive  odor,  but  was  found  to  be  practically  sterile.  In  such 
cases  the  decomposition  had  obviously  taken  place  at  some 
stage  in  the  manufacture,  but  had  subsequently  been  stopped, 
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probably  by  the  addition  of  a  germicide.  A  periodical  inspec- 
tion of  the  care  and  sanitation  exercised  in  the  several  steps  of 
manufacture  and  in  the  selection  of  the  stock  used  would  prob- 
ably be  more  valuable  as  a  basis  for  passing  upon  gelatin  than 
any  chemical  or  other  tests  upon  the  product  that  could  be  made. 
Provided,  however,  that  a  gelatin  passed  the  requirements  as  an 
edible  product,  then  its  evaluation  as  a  gelatin  should  be  de- 
termined primarily,  as  in  the  case  of  glues,  upon  its  content  of 
the  unhydrolyzed  protein,  or,  which  has  been  shown  to  be  the 
same,  upon  the  melting  point  or  viscosity  at  35°  C. 

Designation  of  Grade 

The  grade  designation  of  the  product,  as  ascertained  by  the 
primary  evaluation,  may  conveniently  be  expressed  by  consec- 
utive numbers,  1  being  the  lowest,  following  the  name  or  initial 
letter  of  the  type  of  product.  Thus  hide  glues  may  be  designated 
as  Hide  Glue  No.  1,  Hide  Glue  No.  2,  or  Hi,  Hj,  and  so  on  up  to 
perhaps  His,  and  bone  glues  as  Bone  Glue  No.  1  or  Bi,  to  Bone 
Glue  No.  15  or  B15.  If  the  primary  evaluation  is  measured,  as 
suggested,  by  a  determination  of  the  viscosity  in  centipoises  of 
an  18  per  cent  solution  (dry  basis)  at  35°  C.,  Hi  or  Bi  will  cor- 
respond to  a  viscosity  of  less  than  20  centipoises,  and,  Hu  or  Bis 
to  above  150  centipoises.  The  arrangement  might  well  be  along 
the  lines  shown  in  Table  III. 

Table  III — Designation  op  Grade 


Viscosity  of  18  Per  cent  Solution  (Dry  Basis) 

Designation 

at  35°  C,  in  Centipoises 

Hi   or  Bi 

Below  20 

Hj   or  B2 

20  to  29 

Hj   or  B3 

30  to  39 

H4   or  B» 

40  to  49 

Hi   or  Bs 

50  to  59 

H,   or  Ba 

60  to  69 

H7   or  Bj 

70  to  79 

H,  or  B, 

80  to  89 

H.   or  Bt 

90  to  99 

Hio  or  Bi» 

100  to  109 

Hii  or  Bu 

110  to  119 

Hu  or  Bii 

120  to  129 

Hi3  or  Bu 

130  to  139 

Hu  or  Bu 

140  to  149 

His  or  Bi» 

150  to  159 

Etc. 

Obviously  the  highest  grades  would  be  attained  only  by  the 
very  pure  gelatins,  while  only  the  material  that  was  exceedingly 
poor  would  reach  the  lowest  designation.  Both  classes  of  glues, 
i.  e.,  the  hide  and  bone  types,  would  be  rated  upon  the  same  stand- 
ard, but  the  initial  letter  or  name  would  serve  the  desirable  pur- 
pose of  differentiating  between  the  type  of  stock  used.  Edible 
gelatins  could  be  referred  to,  if  desired,  as  G12,  Gh,  etc.,  but  the 
niunerical  designations  should  always  refer  to  a  standard  vis- 
cosity or  other  value  fixed  as  the  primary  standard  for  evaluation. 

The  laboratory  test  sheet  would  appear  about  as  indicated 
in  Table  IV. 

Advantages  of  Proposed  System 

The  advantages  of  such  a  system,  or  of  any  other  that  secures 
a  real  standardization  based  upon  fundamental  and  scientific 
principles,  are  strikingly  apparent.  Where  the  jelly  con- 
sistency is  taken  as  the  basis  of  determining  grade,  a  set  of  "stand- 


ard" glues  must  be  maintained,  and  in  the  coiu-se  of  a  few  years 
these  standard  types,  through  occasional  renewal,  must  inevi- 
tably alter.  Fiu-thermore,  the  curves  for  the  jelly  consistency 
of  various  glues  at  varying  temperatures  are  not  parallel,  but  a 
glue  that  is  weaker  than  the  standard  at  10°  may  be  the  stronger 
at  15°.  There  is  siu-ely  no  good  reason  why  the  tests  should 
be  made  at  one  temperature  in  preference  to  any  other,  but  the 
decision  upon  this  very  arbitrary  point  determines  the  rating 
which  a  glue  may  receive  by  the  current  methods. 

Mention  has  already  been  made  of  the  diversity  of  instruments 
used  in  making  the  viscosity  test,  and  the  impossibility,  without 
profound  instnmiental  corrections,  of  expressing  the  readings  ob- 
tained in  terms  of  absolute  viscosity,  or  any  other  kind  of  vis- 
cosity that  will  be  intelligible  to  a  person  using  any  other  in- 
strument. 

And  most  important  of  all,  the  figures  obtained  by  the  jelly 
strength  and  the  high-temperatm-e  viscosity  methods  do  not 
give  data  which  are  invariably  expressive  of  any  fundamental 
property. 

These  objections  the  proposed  changes  seek  to  remedy.  The 
primary  evaluation  involves  the  use  of  no  arbitrarily  selected 
"standard"  glues,  but  gives  results  that  are  in  themselves  com- 
plete without  reference  to  any  other  hypothetical  product. 
The  use  of  a  standard  instrument  which  readily  permits  the  em- 
ployment of  absolute  degrees  enables  the  readings  to  be  under- 
stood universally,  and  the  data  obtained  are  indicative  of  funda- 
mental properties  of  the  material. 

The  grade  designated  is  simple  and  very  easily  understood. 
The  letter  referring  directly  to  the  type  of  stock,  and  the  number 
to  the  absolute  viscosity,  reduces  to  the  vanishing  point  any  mys- 
tery coimected  with  glue  grades,  and  enables  the  layman  to 
define  a  glue  with  nearly  the  same  degree  of  intelligence  as  may 
be  exercised  by  the  expert. 
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Table  IV— Gldb  and  Gelatin  Test  Sheet 


Designation 
No.         Grade 
49440         H7 
50214         Hi 
46621  Bi 


46602 
80441 
50266 
70222 


Bi 
Ou 

B7 

On 


Viscosity 
in  Centi- 
poises at 
35°  C. 

18 

Per  cent 

Soln. 

72 

46 

90 

17 
130 

78 
156 


pH  1 
Per 
cent 
Soln. 
5.7 
6.9 
3.7 

4.9 
6.8 
5.4 
7.1 


•Physical  Tests 

Jelly 
Consistency 
Mm.  De- 
pression 
10°  C. 
1 8  Per  cent 
Soln. 
4.2 
8.1 
4.1 


Liquid 
2.1 

i!2 


Foam 
Mm. 

18 
Per 
cent 
Soln. 

14 

28 


10 
13 


Present 
Absent 


Appearance 
Dark,  3ake 
Brown,  flake 
No.  1  Sheet 

Crazed,  flake 
Light,  ground 
White,  flake 


Odor 

Sweet 

Sour 

Sweet 

Strong 
Sweet 
Sweet 


Absent      Amber,  ground  Sweet 


Mois- 
ture 
Per 

cent 
12.7 
11.0 
14.2 

10.4 
16.2 
12.2 
17.3 


Date 

—Chemical  Tests- 


Ash 
Per 
cent 


1.82 

8.7 

3.31 


Cop- 
per 
P.p.  m 


10 
16 


Zinc 
P.  p.m. 


20 
226 


Arsenic 
P.  p.m. 


0.0 


Sulfur 

Dioxide 

Per 

cent 


.027 


Remarks 
Special 
Tests 


No.  ppt.  with 
alum 


.0102     O.  K. 


Performed  by- 


Approved  by- 


Technical 
only 
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Potash  from  Kelp" 

VI — ^The  Decolorizing  Action  of  Adsorptive  Charcoals 

By  H.  G.  Tanner 
U.  S.  Experimental  Kelp-Potash  Plant,  Sumubrland.  CALtfORNU 


The  theory  that  the  decolorizing  action  of  charcoals  is  due  pri- 
marily to  the  presence  of  an  organic  nitrogenous  compound  in 
charcoal  is  not  upheld.  On  the  other  hand,  the  impurities  in  a 
charcoal  are  frequently  responsible  for  many  peculiar  effects  usually 
ascribed  to  "charcoal." 

The  adsorption  theory  of  dyeing  is  reviewed  briefly,  and  ap- 
plied to  the  decolor ization  of  sugar  sirups  and  cottonseed  oil  by 
charcoal. 

THE  extreme  difficulty  of  preparing  a  charcoal'  absolutely 
free  from  oxygen,  hydrogen,  nitrogen,  and  other  impuri- 
ties perhaps  led  to  the  belief  that  these  impurities  were 
essential  to  give  charcoal  the  property  of  decolorizing  various 
solutions.*  Patterson'  was  one  of  the  early  advocates  of  such  a 
theory,  and  his  work  has  had  acceptance  even  up  to  the  present.' 
It  has  been  suggested  recently  by  Bancroft'  that  Patterson's 
work  be  repeated.  This  has  been  done  by  Hall'  who  confirmed 
Patterson's  results.  The  latter  isolated  an  organic  nitrogenous 
material  of  gelatinous  nature  from  boneblack,  and  claimed  that 
this  substance  was  chiefly  responsible  for  the  decolorizing  action 
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of  bone  char.  He  calculated  that  this  nitrogenous  compound 
was  from  sixteen  to  forty  times  as  active  a  decolorizer  as  the 
original  char.  The  fact  that  wood  charcoals  contain  practically 
no  nitrogenous  substance  and  have  very  little  decolorizing  power 
he  took  as  further  evidence  in  support  of  his  theory. 

Recently  a  number  of  charcoals  of  vegetable  origin,  including 
kelpchar,  the  decolorizing  carbon  manufactured  from  the  Pacific 
Coast  kelp,'  Macrocistis  pyrifera,  have  been  prepared  which 
have  many  times  the  decolorizing  efficiency  of  bone  char,  and  yet 
do  not  contain  this  supposedly  essential  nitrogenous  constituent. 
The  argument  might  be  advanced,  however,  that  these  char- 
coals possessed  superior  activity  in  spite  of  this  fact. 

One  of  the  objectives  at  this  Laboratory  was  to  activate 
kelpchar  as  highly  as  possible,  and  as  a  part  of  this  investigation 
it  was  necessary  to  determine  just  how  important  it  was  to 
have  present  Patterson's  nitrogenous  compound. 

Patterson  isolated  the  compound  by  treating  1  g.  of  purified 
boneblack  first  with  a  few  cc.  of  cold  concentrated  sulfuric  acid. 
The  acid  dissolved  a  substance  which  imparted  a  brown  color 
to  the  solution.  After  separating  the  acid  from  the  residue  and 
diluting  it  with  10  to  12  volumes  of  water,  a  gelatinous  precip- 
itate was  formed  which  settled  with  difficulty.  The  char  was 
treated  with  a  second  and  a  third  portion  of  acid,  these  times  the 
acid  being  hot.  In  each  instance  a  brown  gelatinous  precipitate 
was  produced  on  dilution  of  the  acid.  If  the  acid  became  too 
dilute  as  a  result  of  attempts  to  wash  the  precipitate,  the  latter 
would  not  settle.  Patterson  added  the  acid  suspension  to  a 
caramel  solution  and  diluted  to  a  definite  volume.  When  the 
precipitate  settled  he  compared  the  supernatant  liquid  colori- 
•  This  Journal.  10  (1918),  812;  11  (1910),  804. 
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metrically  with  a  standard  caramel  solution  of  equal  dilution. 
The  decrease  in  color  in  one  instance  amounted  to  33.3  per  cent 
and  in  another  to  42.4  per  cent.  The  precipitated  organic 
matter  in  the  fir.st  experiment  was  0.0198  g.  and  in  the  second 
0.010  g.  Since  an  equal  volume  of  diluted  caramel  solution 
would  be  completely  decolorized  by  0.9542  g.  of  boneblack, 
Patterson  calculated  the  organic  constituent  of  boneblack  to  be 
from  16.03  to  40.46  times  better  as  a  decolorizer  than  the  char 
itself. 

The  refinement  of  these  calculations  would  infer  a  much  greater 
degree  of  precision  in  experimental  work  than  would  seem  to  be 
justified  by  the  wide  difference  in  the  two  results.  Patterson 
excuses  this  disagreement  by  pointing  out  that  the  extractions 
were  made  at  different  temperatures,  and  that  different  bodies 
were  extracted  which  had  decolorizing  characteristics  peculiar  to 
themselves.     .Another  explanation  of  his  results  is  given  below. 

Decolorizing   Action  of  Acid 

It  will  be  noticed  that  Patterson  made  no  attempt  whatever 
to  duplicate  conditions  regarding  acidity  when  comparing  the 
decolorizing  efficiencies  of  boneblack  and  the  several  gelatinous 
suspensions.  Such  a  precaution  is  very  necessary,  as  was  pointed 
out  in  a  previous  paper,'"  and  the  neglect  of  this  precaution  may 
possibly  explain  the  apparently  anomalous  behavior  of  charcoal 
in  different  solutions,  as  well  as  the  extravagant  claims  of  some 
charcoal  patentees  of  to-day.  It  was  suspected  that  the  remark- 
able decolorizing  power  of  Patterson's  suspensions  was  due,  not 
to  the  few  milhgraras  of  the  solid  material,  but  to  the  acid  in 
which  they  were  suspended.  This  supposition  was  confirmed 
by  the  following  test : 

A  neutral  caramel  solution  was  prepared  of  a  concentration 
such  that  1  cc,  after  being  diluted  to  100  cc,  would  be  decol- 
orized by  1  g.  of  the  best  decolorizing  boneblack  on  hand.  A 
quantity  of  this  weaker  standard  solution  was  made  up,  and  to 
100  cc.  of  it  was  added  one  drop  of  concentrated  sulfuric  acid. 
Comparison  with  the  original  solution  showed  that  the  acid  had 
caused  a  decrease  in  color  amounting  to  25  per  cent.  More 
acid  caused  more  color  to  disappear,  although  the  solution  did  not 
become  colorless  even  with  considerable  excess  acid. 

These  facts  afford  a  much  simpler  explanation  of  Patterson's 
results  and  easily  account  for  the  wide  divergence  in  decolorizing 
values  of  his  suspensions,  it  being  highly  improbable  that  the 
same  amount  of  acid  was  added  to  the  caramel  solution  in  each 
instance. 

Patterson  did  not  show  that  the  decolorizing  property  of  char- 
coal was  diminished  by  the  removal  of  the  organic  body.  He 
may  have  attempted  to  do  this  and  failed,  as  did  the  present 
writer,  because  concentrated  sulfuric  acid  so  altered  the  form  and 
character  of  the  char  that  strictly  comparable  results  with  the 
initial  and  final  char  could  not  be  made. 

The  view  that  acid  caused  the  decolorization  of  the  caramel 
solution  and  not  the  gelatinous  precipitate  receives  further 
support  from  Patterson's  own  observations:  that  the  precipitate 
r-uspended  in  acid  was  a  good  decolorizer,  whereas  the  dried 
precipitate  possessed  practically  no  decolorizing  power. 

It  is  not  intended  that  these  remarks  should  support  the  view 
that  the  impurities  in  a  charcoal  have  no  influence  on  the  decol- 
orizing action,  as  quite  the  contrary  is  usually  true.  What  is 
desired  is  to  emphasize  that  charcoal  is  a  complex  substance, 
and  that  the  impurities  in  it  may  or  may  not  play  an  important 
role  when  a  charcoal  (or  gelatinous  precipitate)  decolorizes  a 
solution.  Sometimes  these  impurities  act  adversely,  and  some- 
times cooperatively  with  a  charcoal.  On  some  occasions  they 
may  be  without  influence  at  all. 

Thus,  if  salts  or  oxides  of  iron  be  present  in  a  charcoal,  and  such 
a  charcoal  be  added  to  an  unbleached  citric  acid  solution,  the 
iron  will  react  with  some  of  the  impurities  of  the  solution  and 

■•This  Journal,  14  (1922),  19. 


form  very  highly  colored  compounds.  Although  the  charcoal  ad- 
sorbs a  portion  of  these  compounds,  the  amount  left  behind  may 
be  so  highly  colored  that  the  solution  appears  more  colored  than 
the  original. 

Further,  a  charcoal  may  contain  free  acid.  Then  on  being 
added  to  neutral  sugar  sirup,  a  greater  decolorization  will  be 
produced   than  if  the  charcoal  had  been  neutral  or  alkaUne. 

The  acid  in  this  instance  acts  along  three  lines.  In  the 
first  place,  there  are  substances  in  cane  sugar  sirups  which  act 
like  indicators,  being  less  colored  in  the  presence  of  acid  than  in, 
alkali.  The  second  effect  of  the  acid  is  to  lower  the  solubility 
of  the  color-forming  compounds,  thus  making  it  easier  for  the 
charcoal  to  adsorb  them.  That  such  compounds  exist  in  eane 
sugar  sirups  was  shown  by  Zerban"  who  isolated  a  group  of 
polyphenols  and  showed  that  these  compounds  caused  much  of 
the  color  of  the  sirup.  These  phenols  are  acidic  in  nature;  there- 
fore if  strong  acid  were  added  to  the  solution  their  ionization 
would  be  repressed.  This  would  cause  diminished  color  intensity 
and  solubility.  The  lessened  solubility"  would  allow  them  to  be 
more  readily  adsorbed  by  charcoal. 

The  third  effect  of  acid  is  to  furnish  H  ions  for  the  charcoal 
to  adsorb.  H  ions  and  OH  ions  are  especially  adsorbed  by 
charcoal.'^  The  adsorption  of  H  ions  causes  the  charcoal  to 
become  positively  charged,  and  since  the  color  radical  of  the 
phenol  is  negatively  charged,  the  mutual  attraction  causes  the 
solution   to   be   decolorized. 

Hydroxyl  ions,  having  the  reverse  effect,  make  possible  the 
use  of  alkali  for  regenerating  spent  "sugar  charcoal." 

Adsorption  Theory  of  Dyeing 

The  extraordinary  importance  which  H  ions  and  OH  ions 
play  in  the  decolorization  of  liquids  by  charcoal  led  to  the  con- 
clusion that  the  phenomenon  was  the  same  as  that  exhibited 
by  a  fabric  when  removing  dye  from  a  dye  bath.  The  impurities 
in  a  solution  to  be  decolorized  or  deodorized  are  the  dyes,  and 
the  charcoal  is  the  fiber.  That  charcoal  will  act  Uke  a  piece 
of  cloth  in  removing  dye  from  solution  is  not  new  to  dye  Chem- 
ists,'* but  the  application  of  this  knowledge  to  the  decolorization 
of  sugar  sirups  and  other  solutions  seems  to  have  been  entirely 
overlooked.  Industrially,  charcoal  is  applied  in  a  most  em- 
pirical manner.  Much  assistance  could  be  had  in  setting  the 
correct  conditions  for  the  most  efficient  usage  of  charcoal  if  some 
of  the  generalities  of  dyeing  be  kept  in  mind. 

Bancroft"  states  that: 

A  fiber  tends  to  adsorb  everything  in  solution  in  amounts 
varying  with  the  nature,  concentration,  and  temperature  of 
the  solution,  and  the  nature  of  the  fiber.  *  *  *  *  \  basic  dye 
is  one  which  contains  the  color  in  the  basic  radical,  while  an 
acid  dye  contains  the  color  in  the  acid  radical.  *  *  •  •  In  order 
to  get  the  maximum  adsorption  of  an  acid  dye,  we  should  have 
present  an  ion  of  the  opposite  charge,  which  is  readily  adsorbed. 
In  case  of  basic  dyes,  the  dye  should  be  more  readily  taken  up  in 
a  neutral  or  alkaline  solution.  Acids  (hydrogen  ions)  decrease 
the  dyeing  of  basic  dyes  and  increase  that  of  acid  dyes.  This 
action  is  proportional  to  the  concentration  of  hydrogen  ions. 
Bases  (hydroxyl  ions)  have  just  thfe  opposite  effect. 

When  wool  is  dipped  in  an  acid  dye  solution  such  as  picric 
acid,  the  quantity  of  dye  removed  will  be  greater  the  higher  the 
H-ion  concentration.  If  wool  be  made  to  adsorb  a  basic  dye, 
such  as  malachite  green,  H  ions  inhibit  the  color  removal  and 
OH  ions  increase  it.  In  this  connection  it  might  be  worth  while 
to  mention  that  some  laboratories  prefer  to  compare  charcoals 
by  observing  the  decolorization  produced  on  a  dye  solution  such 
as  malachite  green.     The  importance  of  having  identical  con- 
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centrations  of  H  ions  or  OH  ions  throughout  a  series  of  tests 
will  now  be  apparent. 

In  a  qualitative  way  the  effect  of  acid  and  alkali  on  the  de- 
colorizalion  of  sugar  sirups  has  already  been  described.  Bradley'* 
quantitatively  studied  the  effect  of  acidity  on  the  decolorization 
of  sugar  molasses  and  found  that  the  decolorization  was  nearly 
proportional  to  the  quantity  of  acid  present.  This  agrees  well 
with  the  above-outlined  theory.  He  was  surprised,  however, 
to  find  that  when  equivalent  quantities  of  both  weak  and  strong 
acids  were  used  the  decolorization  was  nearly  equal  in  each  case. 
Citric  or  tartaric  acid-  was  just  as  effective  as  sulfuric  acid. 
In  the  interpretation  of  these  data  it  should  be  remembered  that 
an  acid  is  made  up  of  two  parts,  and  that  each  ion  influences  the 
equilibrium  independently.  Therefore,  when  decolorization 
tests  are  made  with  different  acids,  the  result  in  each  case  will 
be  the  net  result  produced  by  the  H  ions  and  the  corresponding 
acid  ions.  When  citric  acid  is  compared  with  hydrochloric 
acid,  the  citrate  ions  and  chloride  ions  affect  the  equilibrium  as 
well  as  the  H  ions.  The  weaker  concentration  of  H  ions  afforded 
by  the  citric  acid  tends  to  cause  less  color  to  be  removed  than  by 
an  equivalent  amount  of  hydrochloric  acid.  On  the  other  hand, 
the  coagulating  effect  of  the  citrate  ion  on  the  sugar  colloids 
is  much  greater  than  that  of  the  chloride  ion.  The  net  result 
of  these  two  acids  may  thus  be  about  the  same. 

By  increasing  the  concentration  of  sugar  in  a  molasses  solution 
Bradley  found  the  decolorizing  efficiency  to  be  reduced.  This 
is  not  surprising  when  one  accepts  the  view  that  adsorption  is 
a  matter  of  equilibrium,  and  that  this  equilibrium  depends 
upon  the  nature  and  concentration  of  everything  in  solution. 
The  colors  are  evidently  more  soluble  in  the  concentrated 
sugar  solution  and  therefore  adsorbed  to  a  lesser  extent. 

The  above  theory  regarding  the  decolorization  of  liquids 
with  charcoal,  although  based  principally  upon  experiments 
made  with  aqueous  solutions,  has  promise  of  extension  to  non- 
aqueous solutions.  This  is  a  relatively  new  field  for  charcoal 
and  facts  are  none  too  numerous. 

Cottonseed  oil  contains  some  colored  impurities  which  on 
electrolysis  migrate  toward  the  negative  pole.  These  particles 
are  therefore  positively  charged  and  may  be  considered  as  basic 
dyes.  Accordingly,  if  OH  ions,  or  for  that  matter  any  other 
negatively  charged  ions  readily  adsorbed  by  charcoal  in  cotton- 
seed oil,  were  added  to  the  oil  along  with  the  charcoal,  color 
removal  should  be  increased.  If  the  solution  were  acid,  which 
would  allow  H  ions  to  be  adsorbed,  removal  of  color  would  be 
hindered. 

The  latter  may  be  demonstrated  by  adding  a  little  glacial 
acetic  acid  to  the  oil  before  adding  the  charcoal.  The  acid  has 
no  apparent  physical  or  chemical  effect  on  the  oil,  but  distinctly 
reduces  the  decolorizing  effect  of  the  charcoal. 

It  would  be  of  interest  in  this  connection  to  note  the  action 
of  some  material  soluble  in  cottonseed  oil,  which  would  furnish 
a  negative  ion  readily  adsorbed  by  the  charcoal.  Such  a  con- 
dition should  promote  the  removal  of  color.  Direct  evidence 
on  this  point  is  lacking,  but  there  is  a  certain  analogy  be- 
tween the  action  of  fuller's  earth  and  what  would  be  expected 
to  happen  were  charcoal  given  a  negative  charge.  According 
to  Click,"  fuUer's  earth  becomes  negatively  charged  when  placed 
in  cottonseed  oil,  and  this  property  enables  it  to  remove  the 
positive  colors. 

Fuller's  earth"  probably  owes  its  negative  charge  to  the 
OH  or  other  negative  ions  which  it  adsorbs  strongly.  The 
positive  colors  are  literally  dragged  along  and  attached  to  the 
earth  because  of  electrostatic  attraction — an  action  similar 
to  that  of  charcoal,  H  ions,  and  negative  colors. 

Charcoal  does  not  show  this  preferential  adsorption  of  OH 
ions;  it  adsorbs  OH  or  H  ions  with  equal  avidity."    These 

"J.  Soc.  Chem.  Ind..  39  (1919),  396. 

"  Cotton  Oil  Press,  4  (1921).  41. 

^  Cameron,  J.  Phys.  Chem.,  14  (1910),  400. 


facts  are  useful  in  explaining  why  fuller's  earth  has  been  used 
chiefly  for  oil  purification  and  not  for  sugar,  and  why  charcoal, 
except  recently,  has  been  used  for  sugar  sirups  and  not  oils." 
Suppose  fuller's  earth  be  placed  in  sugar  sirup.  If-the  solution 
be  neutral  or  alkaline,  the  earth  will  adsorb  OH  ions  and  repel 
most  of  the  color  ions.  If  the  solution  be  acid  practically  no 
ions  will  be  adsorbed.  On  the  other  hand,  when  charcoal, 
comparable  in  activity  with  fuller's  earth,  is  placed  in  alkaline 
sugar  sirup,  OH  ions  will  be  adsorbed,  but  less  so  than  in  the 
case  with  fuller's  earth.  There  is,  therefore,  less  repellent 
action  on  the  phenols  and  somewhat  more  decolorization.  The 
action  in  acid  solution  has  already  been  described. 

This  preferential  adsorption  by  fuller's  earth  of  basic  dyes 
is  at  least  one  reason  why  in  the  past  it  has  been  used  instead 
of  charcoal  for  oil  purification.  Recently  charcoals  such  as 
kelpchar  have  been  prepared  whose  adsorptive  intensity  and 
capacity  (activity)  for  all  ions,  both  positive  and  negative,  have 
been  so  increased  as  to  overlap  the  region  occupied  by  fuller's 
earth.  These  charcoals  are  now  being  used  to  some  extent  for 
oil  purification.  Whether  or  not  fuller's  earth  or  materials  of  sim- 
ilar nature  will  have  their  adsorptive  characteristics  so  developed 
as  to  compete  with  or  displace  these  newer  charcoals  is  a  question 
for  the  future  to  decide. 

In  harmony  with  the  "dye"  theory  of  decolorizing  solutions 
is  a  fact  brought  out  by  Click  that  with  some  oUs  a  mixture  of 
earth  and  charcoal  is  more  effective  than  either  alone.  In  such 
a  mixture  the  earth  may  be  considered  to  be  adsorbed  by  the 
charcoal,  and  to  give  the  charcoal  a  greater  negative  charge 
than  the  latter  could  possess  by  itself.  The  additional  charge 
allows  the  charcoal  to  make  fuller  use  of  its  great  surface  and 
produces  greater  decolorization.  Steric  hindrance  probably, 
prevents  the  earth  from  utilizing  its  charge  completely  when 
used  alone.  In  the  language  of  the  dye  chemist,  charcoal  might 
be  said  to  have  been  "mordanted"  with  fuller's  earth.  If  this 
explanation  be  true  it  points  to  many  interesting  developments. 
Charcoal  in  the  future  may  be  expected  to  be  mordanted  with 
materials  that  will  direct  its  action  along  specific  lines,  just  as 
cotton  is  mordanted  according  to  the  dye  it  is  expected  to  take 
up. 

Just  as  the  nature  of  a  fiber  affects  the  equilibrium  in  a  dye 
bath,  so  the  nature  of  a  charcoal  affects  the  decolorization  of  a 
solution.  Charcoals  differ  because  of  the  variety  of  raw  materials 
from  which  they  are  derived,  and  because  of  the  divers  methods 
used  in  manufacture.  Some  charcoals  will  be  characterized 
by  relatively  shallow  capillaries,  others  will  have  longer  ones.^° 
The  total  surface  area  per  gram  of  material  will  be  different, 
also  the  number  and  position  of  "elementary  spaces. "='  Steric 
hindrance"  will  frequently  be  a  determining  factor.  The  in- 
stantaneous'^ or  pseudo-equilibrium  as  well  as  the  final  equilib- 
rium will  vary  with  the  charcoal. 

Although  physical  structure  plays  an  important  part  in  the  be- 
havior of  a  charcoal,  its  position  must  not  be  overemphasized. 
There  are  other  factors  just  as  important  as,  and  probably  more 
so  than  "cellular  structure."  As  an  example  of  this,  a  charcoal 
was  prepared  from  kelp  juice  that  had  identical  decolorizing 
characteristics  of  charcoal  made  from  the  body  of  kelp  itself. 
Also,  as  a  decolorizer,  blood  charcoal  is  far  more  powerful  than 
many  other  charcoals  made  from  materials  of  a  more  definite 
structure.  In  studying  charcoal,  therefore,  it  is  well  to  keep  in 
mind  that  it  is  a  complex  substance  and  that  the  results  seldom 
depend   upon   any   one   characteristic. 

>•  Sneller,  Louisiana  Planter,  69  (1917),  154. 

"  Dorsey,   TllI3  Journai,,   11    (1919).   383. 

"  Langmuir,  J.  Am.  Chem.  Soc,  40  (191S),  1361. 

"  Langmuir,  Ibid.,  38  (1916).  2221;  39  (1917),  184S. 

"  McBain,  Trans.  Faraday  Soc,  14  (1919),  201;  Cudc  and  Hulett, 
J.  Am.  Chem.  Soc,  42  (1920),  391;  Bradley.  Loc  cil.;  Lamb.  Wilson  and 
Chaney.  Tins  Journal,  11  (1919),  420;  Sheldon,  I'roc.  Nat.  .lead.  Sci. 
6(1920).  178;     l.cmon, /6id.,  8  (1919).  291. 
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Promoter  action  is  by  no  means  confined  to  the  ammonia 
synthesis.  Pease  and  Taylor**  have  collected  the  data  on 
promoter  action.  Ipatiew*'  found  that  copper  oxide  in  an  iron 
tube  was  much  more  efifective  in  causing  the  hydrogenation  of 
amylene  than  was  copper  oxide  in  a  copper  tube.  The  Badische 
Company"  state  that  hydrogenation  of  fats  with  nickel  is  ac- 
celerated by  the  presence  of  tellurium.  Dewar  and  Liebmann*' 
claim  that  a  mixture  of  nickel  and  copper  oxides  can  be  reduced 
in  the  oil  at  190°  and  will  hydrogenate  cottonseed  oil  rapidly  at 
that  temperature,  whereas  nickel  oxide  alone  requires  a  temper- 
ature of  about  250°  for  reduction.  Hochstetter*'  found  that  a 
mixture  of  silver  and  copper  was  more  effective  for  the  synthesis 
of  formaldehyde  from  methanol  than  either  metal  singly. 
Maxted*'  states  that  bismuth,  tungsten,  and  copper  make 
iron  more  active  in  the  ammonia  oxidation.  Mixed  oxides  are 
more  effective  in  the  oxidation  of  carbon  monoxide  than  any 
of  the  oxides  taken  singly.  The  phenomenon  of  promoter 
action  is  thus  a  fairly  common  one. 

Oriented  Adsoiu>tion 

Though  Langmuir  considers  adsorbed  substances  as  held  by 
bonds  or  contravalences  to  the  adsorbing  agent  and  though  he 
speaks  of  oriented  adsorption,  he  has  never  gone  into  details 
in  regard  to  this  and  it  is  by  no  means  certain  that  his  concep- 
tion of  oriented  adsorption  is  the  same  as  that  of  an  organic  chem- 
ist, for  instance.  For  the  moment  it  looks  as  though  the  organic 
chemist  were  the  safer  man  to  follow.  The  immediate  problem  is  to 
devise  methods  of  telling  what  particular  bonds  or  contrava- 
lences are  effective  in  causing  the  adsorption  of  ethyl  acetate,  for 
instance,  by  any  given  catalytic  agent.  Having  done  that  we 
must  show  that  the  opening  up  of  those  particular  bonds  or 
contravalences  are  the  necessary  prerequisite  to  the  reaction 
which  is  produced  by  that  particular  catalytic  agent.  When 
this  has  been  done,  the  next  problem  will  be  to  develop  a  theory 
which  will  enable  us  to  predict  that  a  given  catalytic  agent  will 
cause  such  and  such  bonds  or  contravalences  to  open;  but  that 
lies  quite  a  way  in  the  future.  It  must  also  be  remembered 
that,  for  the  other  type  of  contact  catalysis,  the  identification  of 
the  intermediate  compounds  does  not  account  for  the  catalytic 
action.  On  the  other  hand,  it  is  impossible  to  take  the  next  step 
until  the  intermediate  compounds  have  been  identified. 

If  we  adopt  the  hypothesis  that  part,  at  any  rate,  of  the 
catalytic  action  of  a  given  adsorbent  is  due  to  oriented  adsorp- 
tion, it  is  clear  that  we  may  have  an  adsorbent  slowing  down  the 
reaction  in  case  the  orientation  is  unsatisfactory.  ,  This  seems 
to  have  been  realized  by  Kruyt  and  van  Duin.'"  They  find  that 
the  following  reactions  are  retarded  by  charcoal  although  the 
reacting  substances  are  adsorbed  by  it:  the  saponification  of 
ethyl  acetate  and  of  sodium  methyl-benzoate-p-sulfonate; 
the  addition  of  bromine  to  the  acid  sodium  salt  of  />-sulfo-cin- 
namic  acid;  the  removal  of  bromine  from  the  neutral  and  the 
acid  sodium  salts  of  f-sulfonic-dibromohydrocinnamic  acid  by 
means  of  potassium  iodide.     On  the  other  hand,  the  removal 

"  J.  Phys.  Chem.,  U  (1920),  241. 

«  Bcr..  43  (1910),  3387. 

«  D.  R.  P.  282,782  (1913). 

«'  U.  S.  PatenU  1.268,692;    1,275,405. 

"  U.  S.  Patents  1,100,076;    1,110,289. 

"  J.  Soc.  Chem.  Ind..  36  (1917),  777. 

"  Rte.  Irat.  Mm.,  (4]  S  (1921),  249. 


of  bromine  from  a,/3-dibromopropionic  acid  by  means  of  potas- 
sium iodide  is  accelerated  by  the  presence  of  charcoal. 

The  authors  conclude  from  these  results  that  adsorption  in- 
volves more  than  a  mere  increase  of  concentration  at  the  surface. 

This  conclusion  is  quite  in  harmony  with  the  theories  of  Lang- 
muir," and  Harkins'2  and  his  collaborators.  In  addition  to  a 
surface  concentration  there  is  also  an  orientation.  This  latter 
may  cause  a  decrease  in  the  reaction  velocity.  If  the  two  ad- 
sorbed, reacting  substances  are  not  free  in  their  movements, 
their  chances  of  encountering  one  another  are  decreased,  and 
the  probability  that  they  will  get  into  a  state  favorable  to  the 
reaction  may  be  changed  for  the  worse. 

There  is  yet  another  reason  why  the  reaction  may  be  checked. 
At  the  surface  between  water  and  a  phase  consisting  of  carbon 
or  of  carbon  compounds,  the  molecules  will  turn  their  more 
polar  portion  towards  the  water.  If  the  reaction  takes  place 
at  a  nonpolar,  or  less  polar,  portion  of  the  molecule,  this  part  is 
turned  away  from  the  aqueou,=  phase  and  from  the  substances 
dissolved  in  it.  If  the  two  reacting  substances  are  more  or  less 
polar,  it  may  be  that  they  will  be  adsorbed  in  such  a  way  that 
the  reacting  portions  are  turned  away  from  each  other.  From 
this  point  of  view,  it  is  clear  why  we  obtained  a  negative  catalysis 
at  first  in  spite  of  the  adsorption.  It  is  true  that  the  aromatic 
substances  are  adsorbed  strongly;  but  in  order  to  make  them 
soluble  we  had  introduced  the  radical  SOaNa.  This  radical 
increases  the  solubility  very  much  and  is  also  highly  polar. 

We  can  therefore  form  the  following  conception  as  to  the 
position  taken  by  the  molecules  at  the  surface  between  the  char- 
coal and  the  liquid.  In  the  acid  sodium  salt  of  p-sulfociimamic 
acid  we  have  the  following  arrangement."  The  benzene  ring 
with  three  double  bonds  tends  to  place  itself  horizontally  on 
the  surface;  but  this  is  interfered  with  by  the  polar  groups  in 
the  para  position.  In  view  of  the  strongly  acid  character  of 
the  sulfonic  acids  and  especially  in  view  of  their  effect  in  in- 
creasing the  solubility,  the  radical  SOsNa  is  undoubtedly  more 
polar  than  the  radical  CH  :  CH.CO2H.  The  first  tends  to 
draw  the  portion  of  the  benzene  ring  to  which  it  is  attached 
into  the  water,  which  means  that  the  other  is  pushed  toward  the 
charcoal.  It  is,  however,  this  unsaturated  side  chain  which 
reacts  with  the  bromine.  In  the  case  of  sodium  methyl-benzoate- 
p-sulfonate,  the  organic  side  chain  is  in  a  disadvantageous  posi- 
tion. The  small  molecules  of  adsorbed  bromine  or  caustic  soda 
(or  perhaps  the  free  sodium  and  hydroxyl  ions)  will  undoubtedly 
all  be  at  the  water  surface  and  will  find  turned  from  them  the 
radicals  with  which  they  should  react.'*  The  dissolved  and  im- 
adsorbed  molecules  of  bromine  and  of  sodium  hydroxide  are 
handicapped  in  the  same  way.  In  spite  of  the  increased  concen- 
trations the  conditions  at  the  surface  of  the  adsorbent  are  un- 
favorable to  the  progress  of  the  reaction  and  out  in  the  solution 
the  reaction  goes  more  slowly  because  of  the  decreased  concen- 
trations there  in  consequence  of  adsorption. 

The  situation  is  undoubtedly  as  follows  in  the  case  of  ethyl 
acetate.  In  the  molecule  CHsCO.CjHs  the  radical  C  :  O  is 
unquestionably  the  most  polar  and  it  is  probably  the  doubly 
tied  oxygen  which  sticks  out  into  the  water  and  the  ethoxy 
group  OCjHj  is  consequently  more  or  less  buried. 

We  tried  at  first  to  increase  the  polar  character  of  the  cinnamic 
acid  radical.  The  acid  sodium  salt  of  the  ^-sulfonic-dibromo- 
hydrocinnamic  acid  is  more  soluble  in  water  than  the  correspond- 
ing compound  containing  no  bromine,  and  since  the  bromine 
increases  the  solubility  of  the  compound  it  must  increase  the 
polarity  of  the  group.  The  remarkable  reaction  of  the  bromine 
addition  compoimd  with  potassium  iodide  made  it  seem  prob- 
able that  the  bromine  atoms  had  brought  the  side  chain  out 
enough  to  make  it  react  with  the  potassium  iodide  in  solution.'' 


"  J.  Am.  Chem.  Soc,  38  (1916),  2221;  39  (1917),  1848. 
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In  order  to  make  doubly  sure,  the  radical  COOH  was  converted 
into  COONa.  Since  the  results  were  negative  we  concluded 
that  the  polar  effect  of  SOjNa  was  still  preponderant.  *  *  * 
Since  it  was  difficult  to  avoid  the  radical  SOsNa  in  reactions 
with  aromatic  compounds  in  aqueous  solutions  and  since  its 
polar  character  often  turns  the  scale,  we  tried  to  find  some 
other  method  of  escaping  from  this  dilemma.  According  to  Har- 
kins  we  should  have  better  prospects  of  success  if  we  selected  a 
suitable  aliphatic  compound.  The  criteria  seemed  to  be  met 
by  the  a,8-dibromopropionic  acid.  There  is  a  polar  effect 
at  each  one  of  the  three  carbon  atoms  and,  according  to  the  theory 
of  Harkins,  the  chain  of  carbon  atoms  should  seek  a  position 
parallel  to  the  boimdary  surface,  so  that  the  three  polar  groups 
would  turn  to  the  water.  It  was  possible  of  course  that  one  of 
the  groups,  COOH  or  Br,  would  be  the  more  powerful  and  would 
make  the  carbon  chain  asymmetric;  but,  even  so,  the  conditions 
were  much  more  favorable  than  in  the  preceding  experiments 
with  sulfonated  aromatic  compounds.  As  a  matter  of  fact, 
charcoal  does  accelerate  the  reaction. 

Poisons 

While  we  are  still  very  much  at  sea  as  to  any  satisfactory 
theory  of  contact  catalysis,  matters  are  in  much  better  shape  in 
regard  to  what  was  at  one  time  a  most  mysterious  phenomenon — 
the  poisoning  of  the  catalytic  agent.  On  any  theory  of  contact 
catalysis  except  radiation  at  a  distance,  the  reaction  takes  place 
in  or  at  the  surface  of  the  catalytic  agent.  A  necessary  conse- 
quence of  this  is  that  any  substance,  which  cuts  down  the  rate  at 
which  the  reacting  substances  reach  the  catalytic  surface*'  or 
which  prevents  them  from  reaching  it,''  will  decrease  the  reac- 
tion velocity  and  may  destroy  the  catalytic  action  entirely. 
Berliner*'  has  shown  that  traces  of  fatty  vapors  from  the  air  or 
from  the  grease  on  the  stopcocks  will  decrease  the  adsorption 
of  hydrogen  by  palladium  from  about  nine  hundred  volumes  to 
nothing.  Pollard  has  observed  a  similar  decrease  with  plati- 
nized asbestos  from  about  one  hundred  and  forty  volumes  to  a 
negligible  amount.  Faraday"  proved  that  traces  of  grease  de- 
stroy the  catalytic  action  of  platinum  black.  Lunge  and  Har- 
beck"  found  that  carbon  monoxide  inhibits  practically  completely 
the  catalytic  action  of  platinum  on  a  mixture  of  ethylene  and  hy- 
drogen. Taylor  and  Burns"  conclude  from  their  experiments 
that  "even  when  pressures  of  carbon  monoxide  not  exceeding 
a  few  centimeters  exist,  it  is  reasonable  to  suppose  that  the  plat- 
inum surface  remains  covered  so  thoroughly  with  carbon  monox- 
ide that  hydrogen  or  other  gases  are  unable  to  reach  it."  They 
also  point  out  that  platinum  which  holds  carbon  monoxide  so 
tenaciously  is  not  a  good  catalytic  agent  for  the  reduction  of 
carbon  monoxide  to  methane,  whereas  this  reaction  takes  place 
readily  with  palladium  from  which  carbon  monoxide  can  be  re- 
moved readily  by  hydrogen  at  ordinary  temperatures. 

Schonbein'^  pointed  out  that  the  hydrides  of  sulfur,  tellurium, 
selenium,  phosphorus,  arsenic,  and  antimony  act  very  ener- 
getically in  cutting  down  the  action  of  platinum  on  mixtures  of 
air  with  hydrogen  or  ether.  Since  he  did  not  realize  that  an 
adsorbed  gas  film  might  keep  out  other  gases,  he  decided  that 
the  hydrides  must  decompose,  giving  rise  to  a  solid  film.  This 
hypothesis  is  not  necessary  to  account  for  the  phenomenon;  but 
he  was  right  in  at  least  one  case,  for  Maxted"  has  found  that  hy- 
drogen sulfide  is  decomposed  by  platinum  black  with  evolution 
of  hydrogen  and  that  the  sulfurized  platinum  does  not  adsorb 
hydrogen.  Maxted'*  has  also  studied  the  poisoning  action  of 
lead  on  platinum.  The  effect  is  apparently  proportional  to 
the  amount  of  lead,  1  mg.  of  lead  neutralizing  or  paralyzing  8.8 
mg.  of  platinum.     Paal  and  Steger'*  have  shown  that  mercury 
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"  /.  Chem.  Soc,  116  (1919),  1050. 
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displaces  hydrogen  from  a  palladium  hydrosol.  Langmuir^'  Ije- 
lieves  that  oxygen  prevents  the  dissociation  of  hydrogen  by  a 
heated  tungsten  filament  because  it  cuts  down  the  adsorption 
of  the  hydrogen.     He  states  that: 

The  action  of  oxygen  preventing  the  dissociation  of  hydrogen 
by  a  heated  tungsten  filament  is  clearly  that  of  a  catalytic 
poison.  It  has  been  shown  previously"  that  the  dissociation 
of  hydrogen  takes  place  only  among  hydrogen  molecules  ad- 
sorbed on  the  surface  of  the  tungsten.  The  only  way  in  which 
oxygen  can  prevent  such  action  in  a  high  vacuum  is  by  the 
actual  presence  of  oxygen  atoms  on  the  surface.  Since  the  dis- 
sociation at  1500°  K.  is  entirely  prevented  by  the  oxygen,  and 
since  the  range  of  atomic  and  molecular  forces  does  not  exceed 
the  dimensions  of  the  atoms,  it  must  follow  that  much  more 
than  half  the  surface  must  be  covered  by  oxygen  atoms  or  mole- 
cules. For  if  the  siuface  were  only  half  covered,  then,  accord- 
ing to  probability  laws,  imcovered  areas  several  times  as  large 
as  the  diameters  of  atoms  would  not  be  of  rare  occurrence,  and 
on  these  areas  dissociation  could  occur, 

Hamed''  has  shown  that  the  rate  of  adsorption  of  chloro- 
picrin  by  a  charcoal  which  has  been  cleaned  by  washing  with 
chloropicrin  is  much  greater  at  first  than  by  a  charcoal  which 
has  not  been  so  cleaned,  although  the  final  equilibrium  is  ap- 
parently about  the  same  in  the  two  cases.  This  is  analogous  to 
the  evaporation  of  water  when  covered  by  an  oil  film.  The  oil 
cuts  down  the  rate  of  evaporation  very  much  but  has  practi- 
cally no  effect  on  the  partial  pressure  of  water  at  equilibrium. 
Taylor"'  points  out  that  normally  the  time  of  contact  between  a 
gas  and  the  solid  catalytic  agent  is  extremely  small  and  conse- 
quently anything  which  decreases  the  rate  of  adsorption  will 
cut  down  the  reaction  velocity  very  much. 

It  is  easy  to  see  that  the  piling  up  of  the  reaction  products  will 
cut  down  the  reaction  velocity,  if  they  prevent  the  reacting  sub- 
stances from  coming  in  contact  with  the  catalytic  agent.  This 
has  been  observed  in  the  contact  sulfuric  acid  process.'"  The 
explanation  that  the  decrease  in  the  reaction  velocity  is  due  to 
a  decreased  adsorption  of  the  reacting  substances  was  first 
given  by  Fink,"  who  is  the  real  pioneer  in  this  line.  Although 
the  reaction  between  carbon  monoxide  and  oxygen  is  practically 
irreversible  at  ordinary  temperatures,  Henry"*  recognized  that 
the  presence  of  the  reaction  product  might  slow  up  the  rate  of 
reaction  and  he  proved  his  point  by  increasing  the  reaction  ve- 
locity when  he  removed  the  carbon  dioxide  with  caustic  potash. 
Water  vapor  checks  the  catalytic  dehydration  of  ether"  and  of 
alcohol"  and  hydrogen  cuts  down  the  catalytic  dehydrogenation 
of  alcohol. 

W.  C.  McC.  Lewis''  points  out  that  the  explanation  of  the 
poisoning  of  catalytic  agents  on  the  basis  of  adsorption  leads  to 
certain  conclusions  in  regard  to  the  temperature  coefficient. 

One  of  the  chief  difficulties  met  with  in  the  kinetics  of  hetero- 
geneous reactions  has  its  origin  in  the  selective  nature  of  the 
adsorbability  of  the  reactions  and  the  resultants,  particularly 
the  latter.  The  so-called  catalytic  poisons  are  now  generally 
regarded  as  owing  their  effect  to  marked  selective  adsorption, 
as  a  result  of  which  the  surface  of  the  catalyst  becomes  covered 
with  a  layer  of  molecules  and  is  thus  no  longer  capable  of  catalyz- 
ing the  reaction.  In  many  cases  the  resultants  of  the  reactions 
are  adsorbed  in  this  manner  and  consequently  function  as  a 
catalytic  poison.  Since  the  extent  of  adsorption  diminishes  as 
the  temperature  rises,  it  is  obvious  that  when  such  poisoning 
effects  are  present,  the  temperature  coefficient  of  the  reaction 


"  J.  Am.  Chem.  Soc.  38  (1916),  2272. 
"Ibid.,  38  (1916),  1145. 
"'ibid.,  42  (1920),  372. 

"  Taylor,  Trans.  Am.  Eleclrochem.  Soc,  86  (1919),  149. 
"  Uodlllndcr  and  Koppeo,  Z.  Eleklrochem.,  9  (1903),  666;  Berl,  Z.  anori. 
Ckem..*i  (1905),  267. 

"  Hodcnsteiii  and  Fink,  Z.  physik.  Chem.,  60  (1907),  61. 

"  Phtl.  Mai:..  131  9  (1836),  324. 

"  Ipatiefl,  Ber.,  37  (1904),  2990. 

"  Engcldcr,  J.  Phys.  Chem.,  21  (1917),  676. 

»  /.  Chem.  Soc,  116  (1919),  182. 


446 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  5 


velocity  over  a  certain  range  of  temperatures  is  not  comparable 
with  that  over  a  different  range,  for  the  total  obser\-ed  velocity 
depends  only  on  the  true  effect  of  temperature  on  the  chemical 
process  itself,  but  likewise  on  the  alteration  in  the  extent  of 
active  surface  presented  to  the  reactants.  The  simplest  con- 
ditions are  obviously  those  in  which  the  adsorption  effects  are 
a  minimum,  and  such  conditions  will  occur  generally  when  the 
energy  required  for  sublimation  or  desorption  is  small.  In 
other  cases,  where  adsorption  effects  are  large,  it  is  necessary 
to  correct  the  obser\'ed .  velocity  constants  for  the  change  in 
the  area  of  the  effective  surface  produced  as  a  result  of  the  change 
in  temperature.  Thus  in  the  case  in  which  the  resultant  is 
markedly  adsorbed,  and  therefore  acts  as  a  negative  catalyst, 
the  temperature  coefficient  will  possess"  too  high  a  value  and, 
instead  of  decreasing  as  temperature  rises,  may  even  increase. 
A  similar  abnormal  behavior  is  to  be  anticipated  when  a  reaction 
proceeds  partly  in  the  homogeneous  gaseous  phase,  partly  in  the 
surface,  for,  as  the  temperature  rises,  the  reaction  tends  to  pre- 
dominate in  the  gaseous  phase,  and  therefore  possesses  a  higher 
temperature  coefficient. 

We  have  seen  that  the  poisoning  of  a  catalytic  agent  is  due 
to  marked  adsorption,  which  cuts  down  the  adsorption  of  the 
reacting  substances.  We  have  also  seen  that  the  presence  of 
sulfur  trioxide  tends  to  decrease  the  rate  of  reaction  of  sulfur 
dioxide  and  oxygen.  We  can  now  imagine  a  hypothetical  case 
in  which  one  of  the  reaction  products  is  adsorbed  so  strongly 
that  it  acts  as  a  poison.  In  that  case  we  shall  get  entirely  dif- 
ferent results  depending  on  the  amount  of  catalytic  agent  present. 
If  there  is  a  large  excess  of  catalytic  agent  the  reaction  will  run 
to  an  end  or  to  true  equilibrium  before  the  catalytic  agent  is 
entirely  poisoned.  If,  on  the  other  hand,  there  is  only  a  small 
amount  of  catalytic  agent,  it  will  be  poisoned  very  early  in 
the  course  of  the  reaction,  and  we  shall  have  an  apparent  equi- 
librium reached  from  only  one  side  which  will  vary  with  the 
amount  of  catalytic  agent.  For  any  given  amount  of  catalj-tic 
agent  we  shall  get  an  apparently  definite  end-point;  but  the 
value  of  the  end-point  will  vary  with  the  amount  of  catalytic 
agent  taken.  At  least  one  case  of  this  sort  has  been  recognized 
definitely.  Neilson"  has  studied  the  splitting  of  salicin  and 
amygdalin  by  platinum  black. 

It  is  found  that  the  amount  of  splitting  of  salicin  in  a  given 
time  reached  a  maximum,  and  then  with  increasing  time  the 
amount  of  splitting  was  not  proportional  to  the  time,  being  ma- 
terially less  in  the  last  twenty-four  hours  than  it  was  in  the 
preceding.  This  is  due,  no  doubt,  to  the  effect  of  the  products 
of  the  splitting — especially  the  saUgenin.  It  is  more  probably 
due,  however,  to  the  salicylic  acid  produced  by  the  oxidation  of 
saligenin  to  salicylic  acid  by  the  platinum.  It  is  well  known 
that  salicylic  acid  has  a  marked  retarding  action  on  enzymes  as 
shown  by  Kastle  and  Loevenhart"  in  its  action  on  lipase;  and 
by  Neilson'\in  its  action  on_platinum  black  in  the  hydrolysis  of 
ethyl  butyrate. 

The  experiments  with  amygdalin  and  platinum  black  were 
carried  out  in  the  same  way  as  those  with  salicin.  It  was  antici- 
pated, however,  that  the  amount  of  splitting  by  the  action  of 
platinum  black  on  the  amygdalin  would  be  small,  as  it  is  well 
known  from  Bredig's  work  on  the  catalysis  of  hydrogen  peroxide 
by  colloidal  platinum,"  and  from  Neilson's'*  work  on  the  hy- 
drolysis of  ethyl  butyrate  by  platinum  black,  that  hydrocyanic 
acid  has  a  marked  retarding  action  on  the  catalytic  action  of 
platinum.  One  of  the  splitting  products  of  amygdalin  is  hy- 
drocyanic acid;  and  according  to  the  above  experiments  one 
would  expect  the  action  of  platinum^  black  on'amygdaUn  to  be 
retarded,  if  not  stopped  entirely.  Such,  indeed,  was  found 
to  be  the  case,  as  the  first  experiment  with  tightly  corked  flasks 
was  entirely  negative.  It  occurred  to  me  that  by  leaving  the 
flasks  uncorked  the  hydrocyanic  acid  would  volatihze  and  the 
action  would  then  proceed.  This  is  in  keeping  with  the  well- 
known  fact  that  removing  one  of  the  products  of  a  chemical  re- 
action allows  the  action  to  go  on  to  completion.  By  leaving 
the  flasks  uncorked  it  was  found  by  a  qualitative  test  that  plati- 
num splits  up  the  amygdalin.  It  was  further  seen  that  the 
action  did  not  go  on  to  completion,  as  the  amount  of  sugar 
produced  was  small. 

»•  Am.  J.  Physiol..  IB  (1906).  148. 
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'«  Am.  J.  Physiol..  10  (1903),  197. 

"  Bredig,  "Anorganische  Fermente,"  68  (1900). 


Since  enzymes  are  poisoned  by  many  substances  in  something 
the  same  way  that  colloidal  platinum  is,  it  seems  worth  while  to 
see  whether  autotoxic  catalysis  would  account  for  some  of  the 
peculiarities  in  enzyme  action  which  have  puzzled  people.  If 
autotoxic  catalysis  occurs,  we  should  expect  that  the  presence 
of  the  reaction  products  would  cut  down  the  reaction  velocity 
even  though  the  reverse  reactions  were  negligible.  If  the  poi- 
soning action  of  the  reaction  products  is  sufficient  we  should  get 
false  equilibria  if  we  started  with  small  amounts  of  the  enzymes 
and  the  reaction  would  run  to  an  end  if  we  took  larger  amounts 
of  the  enzymes.     Both  these  phenomena  have  been  observed.*" 

The  poisoning  of  colloidal  platinum  in  its  action  on  hydrogen 
peroxide  solutions  is  undoubtedly  due  to  adsorption;  but  we 
have  no  direct  measurements  on  the  adsorption  and  consequently 
we  do  not  know  positively  that  this  is  the  right  explanation  and 
we  do  not  know  that  there  may  not  be  other  factors  which  have 
been  overlooked. 

Protecting  Colloid  as  Poison 

One  possible  disturbing  factor  may  be  the  presence  of  a  pro- 
tecting colloid  added  to  stabilize  a  metal  hydrosol." 

The  rate  of  decomposition  of  hydrogen  peroxide  by  colloidal 
platinum  has  been  made  use  of  in  determining  the  absolute  and 
relative  influences  of  different  protective  colloids  upon  the  col- 
loidal metal, '2  the  times  required  for  the  decomposition  of  a 
definite  percentage  of  the  peroxide  under  varying  conditions 
being  noted.  With  gelatin  the  results  are  typical,  and  are  given 
in  the  following  table: 


Percentage 
of 
Gelatin 
0.00 
0.001 
0.01 
0.05 
0.10 


Relative  Times  Required  to 
Decompose  50  Per  cent  of 
the  Peroxide  Solution 
100 
437 
460 
620 
9S3 


It  will  be  noticed  that  even  small  quantities  of  gelatin  exert 
a  most  important  influence,  retarding  the  decomposition  of  the 
peroxide  very  considerably,  as  is  usual  with  a  protective  colloid. 
The  gelatin,  however,  increases  the  stability  of  the  colloidal 
metal  solution,  and  tends  to  prolong  its  period  of  activity  by 
preventing  its  precipitation  by  electrolytes,  thereby  enabling 
many  reactions  to  be  studied  other  than  the  decomposition  of 
piu'e  hydrogen  peroxide  solution. 

Similar  results  have  been  obtained  by  Rideal*'  and  by  Iredale." 
While  these  are  just  what  might  have  been  predicted,  there  is 
no  explanation  at  the  moment  for  the  results  of  Paal  and  Hart- 
mann'*  that  addition  of  colloidal  cupric  hydroxide  increases 
the  action  of  a  palladium  hydrosol  on  oxyhydrogen  gas,  while 
addition  of  colloidal  zinc  hydroxide  first  retards  and  then  in- 
creases the  rate  of  reaction.  Mercury  displaces  hydrogen  from 
a  palladium  hydrosol**  and  decreases  the  catalytic  action  on 
oxyhydrogen  gas.  It  does  not  destroy  the  catalytic  action  on 
hydrogen  peroxide,  presumably  because  mercury  itself  decom- 
poses hydrogen  peroxide  catalytically. 

Early  Views  on  Poisoning 

It  is  interesting  to  note  that  as  far  back  as  1857  Bunsen  per- 
ceived clearly  that  the  removal  of  the  reaction  products  is  es- 
sential to  the  continued  action  of  the  catalytic  agent.  Speak- 
ing of  the  catalytic  action  of  platinum  and  manganese  dioxide  on 
hydrogen  peroxide,  Bunsen*'  says  that  "it  is  only  when  the  prod- 
ucts of  decomposition  are  removed  by  foreign  forces,  such  as 
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gravitation,  capillarity,  expansion,  etc.,  and  by  means  of  these 
foreign  forces  new  matter  is  brought  into  contact,  that  the  phe- 
nomenon is  repeated." 

Debus'*  has  considered  the  question  of  effective  collisions  and 
has  anticipated  some  of  Langmuir's  views  on  oriented  adsorption. 

Whenever  two  mols  of  peroxide  of  hydrogen  meet  in  the 
position  of  reaction,  then  decomposition  into  water  and  oxygen 
will  take  place,  but  if  they  collide  in  other  positions,  then  they 
will  not  decompose.  *  *  *  *  The  decomposition  of  peroxide  of 
hydrogen  into  water  and  oxygen  is  retarded  by  some  and  ac- 
celerated by  other  substances.  Platinum,  silver  oxide,  and  man- 
ganic dioxide,  respectively,  promote,  whilst  acids  prevent  the 
decomposition.  Platinum  possesses  a  great  attraction  for  oxy- 
gen, its  powder  absorbs  more  than  two  hundred  times  its  volume 
of  the  gas.  This  attraction  is  also  exerted  towards  oxygen 
which  is  in  chemical  combination. 

If  now  a  piece  of  platinum  is  placed  iii  peroxide  of  hydrogen, 
the  molecules  of  the  latter  will  place  themselves  in  such  a  posi- 
tion of  the  surface  of  the  platinum,  that  one  oxygen  atom  of 
the  peroxide  is  turned  towards  the  platinum  and  as  near  to  it 
as  possible.  The  peroxide  is  polarized.  But  this  has  the  effect 
also  of  bringing  the  oxygen  atoms  of  different  molecules  of  per- 
oxide in  such  close  proximity  on  the  surface  of  the  metal  that  they 
can  combine  to  form  common  oxygen,  the  decomposition  of  the 
peroxide  into  water  and  oxygen  and  development  of  energy  being 
the  consequence.  The  action  of  the  platinum  places  the  mole- 
cules of  the  peroxide  in  the  position  of  reaction  towards  each  other. 
The  actions  of  silver  oxide  and  of  black  oxide  of  manganese  are 
similar. 

There  are  a  couple  of  interesting  cases  of  what  appears  to  be 
poisoning  of  the  catalytic  agent;  but  the  data  are  not  sufficient 
to  warrant  very  definite  conclusions."  Phosgene  reacts  with  wa- 
ter to  give  carbon  dioxide  and  hydrochloric  acid, 

COCI2  +  H2O  =  CO.  +  2HC1. 

So  far  as  is  known,  this  reaction  is  not  reversible  and  it  actually 
runs  to  an  end  in  presence  of  an  excess  of  water.  In  presence  of 
concentrated  hydrochloric  acid,  however,  the  rate  of  hydrolysis  is 
practically  negligible.  The  most  plausible  way  of  accounting  for 
this  is  by  assuming  that  water  and  phosgene  do  not  react  by 
themselves  and  that  the  reaction  takes  place  solely  in  contact 
with  the  walls  of  the  containing  vessel.  When  these  are  coated 
with  a  film  of  hydrochloric  acid  of  sufficient  concentration, 
practically  no  phosgene  is  adsorbed  and  no  reaction  takes  place. 
The  hydrolysis  should  be  studied  with  different  concentrations 
■of  hydrochloric  acid  and  with  a  varying  ratio  of  waU  surface  to 
mass  of  solution.  If  this  explanation  is  correct,  it  may  account 
for  the  rather  surprising  stability  of  a  phosgene  cloud  in  the  damp 
atmosphere  of  Flanders,  there  being  no  catalytic  agent  in  the 
cloud  to  cause  the  decomposition  of  the  phosgene.  On  this 
basis,  a  cloud  consisting  of  a  mixture  of  hydrochloric  acid  and 
phosgene  would  be  even  more  stable;  but  of  course  this  would 
introduce  serious  complications  in  regard  to  loading. 

Trimethylchloroformate,  CICO2CCI3,  or  superpalite  as  it 
is  called,  decomposes  to  carbon  tetrachloride  and  carbon  dioxide 
in  presence  of  alumina, 

cico2Cci3=co2-f  ecu, 

and  to  phosgene  in  presence  of  ferric  oxide, 

ClC02CCl3  =  2COCl2. 

The  reverse  reaction  has  never  been  made  to  take  place  to  any 
measurable  extent.  During  the  war  some  superpalite  and 
ferric  oxide  were  placed  in  a  glass  tube  connected  with  a  closed 
manometer.  There  was  rapid  decomposition  at  first,  as  shown 
by  the  increase  in  pressure;  but,  before  long,  the  reaction  ap- 
parently came  to  an  end.  On  raising  the  temperature,  the  re- 
action went  a  little  farther  and  did  not  reverse  when  the  temper- 

"J.  Chcm.  Soc,  S3  (1S88),  327;  Cf.  Hiifner,  J.  prakt.  Chem.,  [2]  10 
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ature  was  brought  back  to  its  original  value.  Since  this  experi- 
ment was  not  repeated  there  may  be  some  error  in  it  and  the  facts 
may  not  be  as  stated;  but  it  looks  as  though  the  ferric  oxide 
was  poisoned  and  as  though  the  change  of  temperature  modified 
the  adsorption  so  that  more  superpalite  came  in  contact  with  the 
catalytic  agent  and  was  decomposed.  If  this  is  the  true  expla- 
nation, it  suggests  one  interesting  set  of  experiments.  When 
ethyl  butyrate  and  water  are  treated  with  a  small  amount  of 
lipase,'"  the  decomposition  proceeds  only  a  little  way,  owing  to 
the  poisoning  of  the  enzyme  by  the  reaction  products."  It  seems 
probable  that  with  an  oscillating  temperature  it  might  be  pos- 
sible to  carry  the  reaction  much  farther  with  the  same  amount 
of  enzyme. 

»  Kastle  and  Loevenhart,  Am.  Chem.  J.,  24  (1900),  491. 
"  Bancroft,  J.  Phys.  Chem..  22  (1918),  40. 
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Isotopes 

By  G.  M.  J.  Mackay 

General  Electric  Co.,  Schenectady,  N.  Y. 

The  attention  of  chemists  is  called  to  the  remarkable  develop- 
ments which  are  being  made  in  our  knowledge  of  the  fundamental 
structure  of  matter  and  energy.  The  work  of  the  Cavendish 
Laboratory  in  .the  last  few  years  leaves  but  little  doubt  that  our 
complicated  system  of  elements  is  in  reality  built  up  from  two 
simple  units,  the  electron  and  the  proton,  the  latter  being  the 
real  unit  of  mass,  the  atom  of  positive  electricity,  and  identical 
with  the  nucleus  of  the  hydrogen  atom.  The  work  of  Ruther- 
ford and  his  associates  has  shown  that  artificial  radioactivity  may 
be  stimulated  in  the  ordinary  elements.  Hydrogen  has  been 
expelled  by  alpha  particles,  which  are  but  positively  charged 
helium  atoms  traveling  at  a  velocity  imparted  by  6,000,000  volts, 
from  the  atoms  of  nitrogen,  boron,  fluorine,  sodium,  aluminium, 
and  phosphorus.  In  many  cases  this  expulsion  is  accompanied 
by  an  evolution  of  energy,  in  the  case  of  aluminium  of  40  per  cent 
more  than  that  possessed  by  the  helium  projectile. 

Lately,  Dr.  F.  W.  Aston,  who  has  been  delivering  a  course  of 
lectures  at  the  Franklin  Institute,  has  found  that  most  of  the 
elements  of  fractional  atomic  weights  are  really  composed  of 
isotopes  whose  atomic  weights  are  integers  to  an  accuracy  of  one 
part  in  a  thousand.  At  the  same  time  he  has  found  another 
possible  source  of  interatomic  energy.  His  work  is  a  masterpiece 
of  ingenuity  and  skilled  technic,  and  is  an  illustration  of  the  value 
of  tireless  perseverance  in  searching  for  the  meaning  of  appar- 
ently trivial  deviations  of  numerical  results  from  one  another. 
A  synopsis  of  a  lecture  by  Dr.  Aston  before  the  local  branches  of 
the  American  Institute  of  Electrical  Engineers  and  the  American 
Chemical  Society  at  Schenectady  on  April  7,  1922,  follows: 

In  1803  John  Dalton  gave  to  chemistry  what  is  probably  one 
of  the  greatest  generalizations  in  its  history,  the  atomic  theory. 
All  of  his  five  postulates  have  since  stood  the  test  of  over  a  cen- 
tury of  active  and  unremitting  investigation  except  the  one  which 
states  that  "atoms  of  the  same  element  are  similar  to  one  another 
and  equal  in  weight." 

No  direct  method  was  available  for  testing  this  hypothesis 
until  1910,  when  Sir  J.  J  Thomson  showed  that  sharply  defined 
parabolic  streaks  were  obtained  on  a  photographic  jilate  when 
beams  of  positively  charged  ions  were  deflected  by  means  of 
magnetic  and  electrostatic  fields.  This  proved  that  the  ratio  of 
the  charge  of  electricity  to  the  mass  of  the  particle  was  constant 
for  all  the  ions  forming  the  parabola,  and  since  the  charge  was 
known  to  be  a  definite  unit,  that  the  masses  of  the  individual 
atoms  were  approximately  the  same.  But  the  apparatus  was 
not  sufliciently  accurate  to  detect  small  variations  in  weight. 
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However,  indirect  evidence  that  there  might  be  different  atoms 
of  the  same  element  was  forthcoming  from  the  work  of  Sir 
Ernest  Rutherford  and  others.  Investigations  of  the  transfor- 
mations undergone  by  different  radioactive  families  showed  that 
lead  could  be  formed  in  several  ways.  Each  kind  of  lead  was 
found  to  be  identical  chemically  with  the  others,  but  the  atomic 
weights  calculated  from  that  of  the  original  substance  by  sub- 
traction of  the  masses  of  the  alpha  particles  emitted  in  the  radio- 
active transformations  indicated  that  the  atomic  weights  must 
be  different.  Thus  lead  from  the  uranium  series  should  have  an 
atomic  weight  of  206,  lead  from  thorium  208,  while  ordinary  lead 
has  a  weight  of  207.2.  Careful  investigation  of  lead  from  vari- 
ous radioactive  min- 
erals by  Richards, 
Soddy,  Honig- 
schmidt,  and  others 
showed  differences 
in  theirl  atomic 
weights  which  by  far 
exceeded  the  possible 
experimental  error. 

These  substances 
which  have  different 
atomic  weights  but 
the  same  position 
in  the  periodic  table 
were  called  "iso- 
topes" by  Professor 
Soddy. 

'  Moseley's  epoch- 
making  discovery 
has  shown  us  that 
the  chemical  proper- 
ties of  the  elements 
havejnothing  what- 
ever to  do  with  their 
atomic  weights  but 
do  depend  on  a  much 
more  fundamental 
factor,  the  atomic 
number,  or  the  num- 
ber of  positive  charges  on  the  nucleus  of  the  atom.  Isotopes 
may  be  shortly  defined,  therefore,  as  elements  ha\'ing  the  same 
atomic  number  but  different  atomic  weights. 

The  first  indication  that  the  nonradioactive  elements  might 
also  have  isotopes  was  given  by  Sir  J.  J.  Thomson,  when  he 
announced  that  when  neon  was  analyzed  by  the  positive  ray 
method,  two  parabolas  were  indicated,  corresponding  to  the 
atomic  weights  20  and  22.  In  1913  Aston  succeeded  in  fraction- 
ating these  two  gases  by  diffusion  through  pipe  clay  and  obtained 
two  parts  differing  by  0.7  per  cent  in  density.  This  result  is  in 
agreement  with  the  separation  theoretically  possible,  as  deter- 
mined from  later  and  more  accurate  work. 

After  the  war  Dr.  Aston  continued  this  investigation  with  the 
idea  of  making  the  method  of  analysis  so  accurate  that  the 
atomic  weights  of  the  gases  in  question  would  be  definitely 
settled. 

In  order  to  do  this  he  radically  modified  Thomson's  positive 
ray  apparatus,  so  that  atomic  masses  can  now  be  determined  to 
an  accuracy  of  one  part  in  a  thousand. 

By  the  application  of  specially  designed  magnetic  and  electro- 
static fields  to  positively  charged  ions  emerging  from  a  narrow- 
slit  in  the  cathode  of  an  electrical  discharge  tube,  he  is  able  to 
deflect  beams  of  ions  which  come  to  a  focus  on  a  photographic 
plate.  Each  line  is  produced  only  by  charged  atoms  having 
exactly  the  same  atomic  weight,  and  the  lines  due  to  different 
atoms  are  separated  by  distances  proportional  to  their  masses. 
Thus  a  mixture  of  atoms  can  be  separated  into  rays  of  particles 
having  equal  mass  in  an  analogous  way  to  the  resolution  of 
ordinary  light  by  the  spectrograph  into  its  components  of  dif- 
ferent wave  lengths.  On  account  of  this  similarity  the  instru- 
ment has  been  called  a  positive  ray  spectrograph,  and  the  spec- 
trum produced,  a  mass  spectrum. 

When  neon  was  subjected  to  analysis  in  this  way  it  was  found 
that  lines  corresponding  to  atomic  weights  of  exactly  20  and  22 
made  their  appearance.  The  latter  line  w-as  much  fainter  than 
the  former,  as  it  should  be,  since  only  10  per  cent  of  the  heavier 
isotope  is  required  to  make  the  mean  atomic  weight  of  ordinary 
neon  20.2. 

Similar  analyses  were  then  made  of  as  many  of  the  elements 
as  possible,  with  the  result  that  many  of  our  supposedly  simple 
elements  have  been  resolved  into  two  or  more  isotopes.  The 
following  table  summarizes  the  results  thus  far  obtained : 


Minimum 

M 

isses  of  Isotopes 

Atomic 

Atomic 

Number    of 

in 

Order 

of  Their 

Element 

Number 

Weight 

Isotopes 

Intensity 

H 

1 

1.008 

1 

1. 

008 

He 

2 

3.99 

1 

4. 

0 

Li 

3 

6.94 

2 

7, 

6 

B 

5 

10.9 

2 

11. 

10 

C 

6 

12.0 

1 

12 

N 

7 

14.01 

1 

14 

O 

S 

16 

1 

16 

F 

9 

19 

1 

19 

Ne 

10 

20.2 

2 

20, 

22, 

21? 

Na 

11 

23 

1 

23 

Mg 

12 

24.32 

3 

24, 

25, 

26 

Si 

14 

28.3 

2 

28, 

29. 

30? 

P 

15 

31.04 

1 

31 

s 

16 

32.06 

1 

32 

CI 

17 

35.46 

2 

35, 

37, 

39 » 

A 

18 

39.88 

2 

40, 

36 

K 

19 

39.1 

2 

39, 

41 

Ca 

20 

40.09 

1 

40 

(39, 

40. 

41) 

Ni 

2S 

58.68 

2 

58, 

60 

Zn 

30 

65.4 

3 

64, 

66, 

«s, 

(70) 

As 

33 

74.96 

1 

75 

Br 

35 

79.92 

2 

79, 

SI 

Kr 

36 

82.92 

6 

84, 
80, 

86, 

78 

82, 

S3, 

Rb 

37 

85.45 

2 

85, 

87 

I 

53 

126.92 

1 

127 

Xe 

54 

130.20 

5   (7?) 

129, 
136, 

132, 
128? 

131, 
130? 

134 

Cs 

55 

132.81 

1 

133 

Hg 

80 

200.6 

6 

197- 

200, 

202. 

204 

The  most  significant  result  of  these  measurements  is  that, 
with  the  exception  of  hydrogen,  the  weights  of  all  the  elements 
measured  are  whole  numbers  to  an  accuracy  of  0.1  per  cent. 
Also  the  relative  positions  of  potassium  and  argon,  nickel  and 
cobalt,  are  reconciled  with  the  order  of  increasing  mass  in  the 
periodic  table. 

This  immediately  revives  the  original  hypothesis  of  Prout, 
suggested  in  1815,  that  atoms  were  themselves  built  up  from 
particles  of  Protyle,  which  he  endeavored  to  identify  with  hydro- 
gen. The  modem  development  of  this  idea  is  that  the  ultimate 
particles  of  matter  are  composed  of  atoms  of  positive  electricity, 
or  protons,  and  the  atoms  of  negative  electricity,  or  electrons. 
The  proton  appears  to  be  the  real  unit  of  mass  and  is  identical 
with  the  nucleus  of  the  hydrogen  atom. 

Since  isotopes  are  identical  in  their  chemical  behavior,  physi- 
cal methods  only  are  available  for  their  separation.  Neon  has 
been  partly  separated  into  its  constituents  by  Aston;  chlorine, 
by  Harkins,  and  mercury,  by  Bronsted  and  Hevesy. 

Since  hydrogen  has  an  atomic  weight  greater  than  luiity,  one 
would  naturally  expect  that  when  four  atoms  of  hydrogen  com- 
bine to  form  an  atom  of  helium  the  resulting  atomic  weight 
would  be  4.032  instead  of  exactly  4.00.  When  the  positive  and 
negative  charges  of  the  hydrogen,  which  are  relatively  very  far 
apart,  are  compressed  into  the  helium  nucleus,  from  the  electro- 
magnetic theory  of  mass,  a  loss  of  mass  due  to  "packing"  should 
occur.  But  when  mass  is  annihilated,  energy  should  appear,  and 
assuming  the  loss  of  mass  as  measured,  it  may  be  calculated  that 
if  the  hydrogen  in  9  cc.  of  water  were  transformed  to  heUum 
200,000  kw.  hrs.  would  be  evolved.  Dr.  Eddington  believes 
that  this  answers  the  riddle  of  why  the  sun  keeps  hot,  since  if  10 
per  cent  of  the  hydrogen  present  in  the  sim  condenses  to  form 
heUum,  enough  energy  would  be  supplied  to  maintain  the  present 
temperature  for  1,000,000,000  years. 


Chemical  Plant  Equipment  Manufacturers 

The  organization  committee  of  the  Association  of  Chemicat 
Plant  Equipment  Manufacturers  will  call  a  meeting  in  New 
York  for  the  pitfpose  of  completing  the  organization  of  this 
Association.     The  following  program  has  been  arranged: 

On  Tuesday,  May  9,  at  8  o'clock,  the  members  of  the  Associa- 
tion will  be  addressed  by  Dr.  Julius  Klein,  of  the  U.  S.  Depart- 
ment of  Commerce,  and  Mr.  E.  W.  McCullagh,  Manager  of  the 
Fabricated  Production  Department  of  the  U.  S.  Chamber  of 
Commerce. 

On  Wednesday  morning.  May  10,  at  10  o'clock,  the  organiza- 
tion meeting  will  be  held  and  the  formal  organization  will  be 
completed.  At  2;  00  p.m.,  the  members  of  the  Association  will 
be  addressed  by  Mr.  Charles  Roth,  of  the  Chemical  Exposition 
Show,  Mr.  Campbell,  of  the  Boston  TextUe  Show,  Mr.  Reeves 
of  the  New  York  Automobile  Show,  and  M:.  Ebertt,  of  the  Ice 
Cream  Supply  Dealers  Association. 

These  meetings  wiU  be  held  at  the  Chemists'  Club,  52  E.  41st 
St.,  New  York  City. 


The  Atlas  Valve  Company  of  Newark,  N.  J.,  has  announced 
the  production  of  an  automatic  low  water  shut-off  valve  made 
especially  for  apphcation  to  gas  fired  steam  boilers. 
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SCIENTIFIC  SOCIETIES 


Calendar  of  Meetings 


American  Oil  Chemists'  Society — 13th  Annual  Meeting,  New 

Orleans,  La.,  May  8  and  9,  1922. 
American  Zinc  Institute — St.  Louis,  Mo.,  May  8  and  9, 1922. 
Institute  of  Metals  Division  of  A.  I.  M.  E. — Rochester,  N.  Y., 

June  5  to  9,  1922. 
National  Fertilizer  Association — 29th  Annual  Convention,  White 

Sulphur  Springs,  W.  Va.,  week  of  June  12,  1922. 
American  Institute  of   Chemical  Engineers — 14th  Semiannual 

Meeting,  Niagara  Falls,  Ontario,  June  19  to  22,  1922. 
American  Leather  Chemists  Association — 19th  Annual  Meeting, 

Ontario,  Canada,  June  21  to  23,  1922. 
Alpha  Chi  Sigma  Fraternity — 7th  Biennial  Conclave,  St.  Louis, 

Mo.,  June  22  to  24,  1922. 
American  Society  of  Testing  Materials — 25th  Annual^Meeting, 

Atlantic  City,  N.  J.,  June  26  to  July  1,  1922. 


Sixty-third  Meeting,  American  Chemical 

Society,  Birmingham,  Alabama,  April 

3  to  7..  1922 

Program  of  Papers 

GENERAL    MEETING 

Hon.  Nathan  L.  Miller,  Lieutenant  Governor  of  Alabama.  Address  of 
Welcome. 

Edgar  F.  Smith,  President,  American  Chemical  Society.     Response. 

Carlile  p.  Winslow,  Director,  U.  S.  Forest  Products  Laboratory.  The 
Development  of  the  Forest  Products  Industry  in  the  South. 

William  H.  Stone.  Associate  Editor,  Manujaclurcrs  Record.  The  Re- 
markable Development  of  the  South  and  Its  Relations  to  the  American 
Chemical  Industry. 

Theodore  Swann.  The  Manufacture  of  Phosphoric  Acid  in  the  Electric 
Furnace  by  the  Condensation  and  Electrical  Precipitation  Method. 

Van  H.  Manning.     The  Pioneer's  Field  in  Petroleum  Research. 

Charles  L.  Reese.     Informational  Needs  in  Science  and  Technology. 

W.  C.  Geer.     Recent  Developments  of  the  Chemistry  of  Rubber. 

W.  D.  BiGELow.     Some  Research  Problems  in  the  Canning  Industry. 

Francis  P.  Venable      Chemistry  in  the  Old  South  and  the  New. 

PUBLIC  MEETING 

Marston  TArLOR  BOGSRT,  Past  President,  American  Chemical  Society. 
The  Flower  and  the  Organic  Chemist.  Perfumes — Natural  and  Syn- 
thetic. 

AGRICDXTtTRAL  AND  FOOD  CHEMISTRY  DIVISION 

T.  J.  Brvan,  Chairman  C.  S.  Brinton,  Secretary 

1.  Bsnjamin  R.  Jacobs.     Composition,  Grade  and  Baking  Qualities  of 

Self-Rising  Flours. 

2.  JuANiTA  B.  Darrah.     Bleached  and  Self-Rising  Flouts, 

3.  JUANITA  E.  Darrah.     Composition  and  Nutritive  Value  of  Yeast  Grown 

in  Vitamin-Free  Media. 

4.  Jdanita   E.    Darrah.     New  Sources   of   Water-Soluble   C   and  Fat- 

Soluble  A  in  the  Southeast. 

5.  Edward  Gudbman.     Foods,  Facts,  Fancies,  and  Follies. 

6.  Edward  F.  Kohhan.     The  Determination  of  Hydrogen  Sulfide  Evolved 

by  Foods  when  Cooked  at  Various  Temperatures. 

7.  C.  S.  Robinson.     Studies  of  the  Availability  of   Organic  Nitrogenous 

Compounds — 11.     (By  title.) 
S.  R.  O.  E.  Davis.     The  Interpretation  of  Mechanical  Analysis  of  Soils  as 

Affected  by  Soil  Colloids. 
9.  J.  W.  Sale  and  J.  B.  Wilson.     Determination  of  Methyl  Anthranllate. 

10.  J.  B.  Wilson  and  J.  W.  Sale.     Determination  of  MethanoL 

11.  Edgar  T.   Whsrrv.     Relations  between  the  Active  Acidity  and  the 

Lime  Requirements  of  Soils. 
12    M.  P.  Sbowalter  and  R.  H.  Carr.     Characteristic  Proteins  in  High 
and  Low  Protein  Cora. 


13.  K.  G.  Mahin  and  R.  H.  Carr.     Errors  in  the  Determination  of  Fat  in 

Cream. 

14.  William  H.  Ross,  C.  B.  Durgin  and  R.  M.  .Tones.     The  Commercial 

Purification  of  Phosphoric  Acid  by  Crystallization. 

15.  E.  R.  Miller.     Do  Velvet  Beans  Contain  Vitamin  B? 

16.  B.    B.    Ross.     The   Occurrence  and   Composition   of   Some   Alabama 

Phosphates. 

17.  H.  H.  King  and  M.  C.  Sewell.     The  Mineral  Requirements  for  the 

Nutrition  of  Wheat  during  the  Seedling  Phase.     (Lantern.) 
IS.  E.  H.  S.  Bailey.     A  Dietary  Study  of  Some  State  Institutions. 

19.  Floyd  W.  Robison.     Studies  on  the  Electropure  Process  of  Treating 

Milk.     (Lantern.) 

20.  J.  S.  McHargue.     The  Role  of  Manganese  in  Plants.     (Lantern.) 

21.  W.O.Robertson.     The  Absorption  of  Water  by  Soil  Colloids. 

BIOLOGICAL  CHEMISTRY 

Howard  B.  Lewis,  Chairman  J.  S   Hughes,  Secretary 

1.  J.  C.  SwENARTON  AND  E.  Emmet  Reid.     Higher  Alcohols  Formed  in 

the  Fermentation  of  Sugar. 
2    Jambs  F.  Couch.     The  Toxic  Constituent  of  Greasewood  (Sarcobatus 

vermiculatus). 

3.  C.  L.  Hare.     Influence  of  Breeding  upon  Oil  and  Protein  Content  of 

Cottonseed. 

4.  Jack  Montgomery      The  Iodine  Absorption  of  Urine. 

5.  E.  R.  Miller.     Influence  of  Sodium  Chloride  upon  Animal  Excretion. 

6.  Atherton  Seidell.     Further  Experiments  on  the  Isolation  of  Vitamin. 

7.  C.  H.  Hunt  and  A.  R.  Winter.      Cow's  Milk  vs.  Goat's  Milk  as  a 

Source  of  Vitamin  C.     (Lantern.) 

8.  J.  S.  Hughes  and  H.  B.  Winchester.     Results  Obtained  by  Feeding 

Breeding  Gilts  a  Ration  Low  in  Fat-Soluble  Vitamin.     (Lantern.) 

9.  J.  S.  Hughes,  L.  D,  BushnEll  and  L.  F.  Payne.     The  Influence  of 

Vitamin  Content  of  a  Feed  on  the  Immunity  to  Roop.     (Lantern.) 

10.  Harper  F.  ZoLLER.     The  Detection  and  Estimation  of  Inorganic  Activa- 

tors in  Commercial  Rennin  and  Pepsin  Preparations. 

11.  Harper  F.  Zoller.     A  Laboratory  Disinfectant  to  Displace  Mercuric 

Chloride  Solutions. 

12.  I.  K.  Phelps  and  J.  E.  Basch.     The  Decomposition  of  Food  by  Bacillus 

botulinus, 

13.  Max   Kahn.     The   Feeding  of   Non-Ketogenic   Odd-Carbon   Fats    to 

Diabetic  Patients.     (By  title.) 

14.  Arno  Viehoever  and  Ruth  G.  Capen      A  New  Source  of  Santonin. 

15.  Victor  E.  Levine.     A  New  Method  for  the  Colorimetric  Determina- 

tion of  Peroxidase. 

16.  Victor  E.  Levtne.     A  Simple  Method  for  Differentiating  Boiled  or 

Pasteurized  Milk  from  Unboiled  or  Unpasteurized  Milk. 

17.  Victor  E.  Levtne.     Selenium  Compounds  as  Biochemical  Reagents. 
18    Victor  E.  Levine  and  Arthur  C.  Antony.     The  Catalytic  Properties 

of  the  Metals  Occurring  in  Respiratory  Pigments. 

CELLULOSE  CHEMISTRY  SECTION 

Harold  Hibbbrt,  Chairman  G.  J.  Gsselen,  Jr.,  Secretary 

1.  Report  of  the  Standard  Cellulose  Committee. 

2.  Report  of  the  Analytical  Methods  Committee. 

3.  Report  of  the  Viscosity  Measurement  Committee. 

4.  E.  C.  Sherrard  and  A.  W.  Frobhlkb.     The  Effect  of  Concentrated 

Hydrochloric  Acid  on  Different  Celluloses. 

5.  E.  C.  Shbrrard  and  W.  H.  Gauger.     The  Effect  of  Salts  upon  the 

Acid  Hydrolysis  of  Wood. 

6.  E.  C.  Sherrard  and  C.  F.  Suhn.     Sugar  Formation  In  a  Sulfite  Di- 

gester. 

7.  E.  C.  Sherrard.     Ethyl  Alcohol  from  Western  Larch. 

8.  E.  C.  Sherrard  and  G.  W.  Blanco      Some  of  the  Products  Obtained 

in  the  Hydrolysis  of  White  Spruce  Wood  with  Dilute  Sulfuric  Acid 
under  Steam  Pressure. 

9.  L.  F.  Hawley  and  S.  S.  Aiyar.     The  Distribution  of  Methoxyl  in  the 

Products  of  Wood  Distillation. 

10.  G.  J.  Rittbr  and  L.  C.  Fleck.     The  Chemistry  of  Wood — V. 

11.  S.  A.  Mahood  and  D.  E.  Cablb.     The  Chemistry  of  Wood.     IV— The 

Analysis  of  Western  White  Pine  and  Eucalyptus. 

12.  S.  A.  Mahood.     Some  Observations  on  the  Determination  of  Cellulose 

in  Woods— n. 

13.  W.  O.  Mitscherling.     Preparation  of  a  "Standard  Cellulose." 

14.  Harold  Hibbbrt  and  Harold  S.  Hill.     Synthesis  of  Deiivatives  Re- 

lating to  Polysaccharides. 

15.  Harold  IIibdeht  and  John  A.  Timm.     Synthesis  and  Properties  of 

Cyclic  Acetal  Derivatives. 

16.  Harold  Hibbbrt.     Constitution  of  Sedoheptose  Anhydride  and  Its  Re- 

lation to  Cellulose. 
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10.  L. 


11.  C. 


12. 


17.  Symposium.  The  Action  of  Alkali  and  Acid  on  Cellulose,  Wood  and 
Waste  Cellulosic  Material  with  Special  Reference  to  the  Production 
of  Cheap  Cattle  Foods. 

IS.  Joint  Symposium  with  Division  of  Organic  Chemistry.  Recent  Work 
on  the  Constitution  of  Starch  and  Cellulose. 

CHEMICAL  EDUCATION  SECTION 

Edgar  F.  Smith,  Chairman  Neil  E.  Gordon,  Secretary 

An  Ideal  First  Year  Course  in  Chemistry 

1.  William  McPherson.     First  Year  College  Chemistry. 

2.  WiLBELM  Segerblom.     High  School  Chemistry. 

3.  Miss  Minnie  B.  Fisher.     First  Year  Chemistry  for  Women. 

4.  Eugene  C.  Bingham.     Teaching  of  the  Metric  System  in  First  "Year 

Chemistry. 

5.  F.  P.  Venable.     Methods  for  Presenting  First  Year  Chemistry. 

6.  Neil   E.    Gordon.     Teaching   First   Year    Chemistry    by   the   Project 

Method. 

Chemical  Engineering  Education 

7.  W.  K.  Lewis  and  R.  T.  Haslam.     Studying  Chemical  Engineering  by 

the  Unit-Operation  Method. 

8.  J.  L.  Daniel.     Standardization  of  Courses  in  Quantitative  Analysis  for 

Students  in  Chemical  Engineering. 

9.  R.  H.  McKeb.     Discussion  of  Committee's  Report  on  Chemical  Engi- 

neering Education. 
J.    Desha.     Correlation    of    Engineering    Thermodynamics    with 

Chemical  Thermodynamics. 

S.  Williamson,  Jr.     Importance  and  Time  Given  for  Courses  in 

Economics  and  Industrial   Management  in   Chemical   Engineering 

Training. 
Graham  Edgar.     Distribution  of  Time  between  "Pure"  and  "Applied" 

Science. 
Round-table  discussion. 

13.  Marston  Taylor  Bogert.     Recent  Progress  at  Columbia  University. 

14.  J.  N.  Swan.     Some  Laboratory  Helpers. 

15.  Charles  W.  Cuno.     A  Chart  of  the  Synthetic  Intermediates. 

16.  H.  A.  Webb.     Standard  Test  in  Science,  especially  Chemistry. 

17.  W.  F.  Hand.     Training  for  Agricultural  Chemistry. 

18.  Jack  P.  Montgomery.     Unified  Chemistry  Courses. 

19.  Edward  G.  Mahin.     Science  or  Athletics? 

DYE  CHEMISTRY  DIVISION 

William  J.  Hale,  Chairman  R    Norris  Shreve,  Secretary 

1.  Herbert  L.  Haller.     The  Preparation  of  Phenylglycine-o- car  boxy  lie 

Acid.     I — From     Anthranllic    Acid    and     Monochloroacetic    Acid. 
(Lantern.) 

2.  Max  Phillips.      On  the   Preparation  of  7,7'-DiC-hydroxy-isopropyl)- 

indigo. 

Palkin.     a  New   Method  for  the  Preparation  of  Dicyanine  and 

Related  Dyes.     (By  title.) 

R.  DeLong  and  W.  N.  Watson.     The  Necessity  for  Reclassification 

and  Standardization  of  Dyes. 
W.  R.  Waldron  and  E.  Emmet  Reid.     The  Influence  of  Sulfur  on 

Colors  of  Azo  Dyes. 
Marston  Taylor  Bogert  and  Martin  Meyer.     Experiments  with 

Dehydrothio-^toluidine  and  Related  Compounds. 

7.  Jules   Bebie.     Uses   of   i>-Toluene-sulfonyl   Chloride   in   the   Manu- 

facture of  Dyes  and  Intermediates. 

8.  Andrew  J.  Leddy.     The  Method  of  Determining  the  Class  to  Which 

Each  Dye  Belongs. 
Andrew  J.  Leddy.     The  Function  of  Assistants  Used  in  Dyeing  Cotton, 
Walter  C.  Holmes.     The  Application  of  the  Direct  Dyes  in  Coloring 

Paper. 

11.  R.  E.  Rose.     The  Functions  of  the  Dye  Testing  Laboratory, 

12.  Henry  R.  Lee  and  D.  O.  Jones.     The  Analysis  of  p-Naphthylamine. 

HISTORY  OF  CHEMISTRY  SECTION 

C.  A.  Browne,  Chairman  Lyman  C.  Newell,  Secretary 

1.  Edgar  F.  Smith.     Dr.  Thomas  Cooper — A  Pioneer  American  Chemist. 

2.  C.   A.   Browne.     Several  Early  References   Pertaining  to   Chemical 

Warfare. 

3.  George   L.   Coyle.     The   Chemical  and   Scientific  Achievements  of 

Father  Athanasius  Kircher,  S.  J, 

4.  Ralph  H.  McKee.     Some  Photographic  Reminiscences  of  the  Priestley 

Centennial  of  1874. 

5.  John  N.  Swan.     A  Book  and  a  Battery. 

6.  J.  A.  GuNTON.     An  Early  Type  of  Chemical  Slide-Rule. 

7.  William  McPherson.     Reminiscences  of  Italian  Chemists, 

Symposium  on  the  History  of  Early  Chemical  Industries  in  America,  More 
Particularly  of  Those  in  the  South 

8.  C.  A.  Browne.     A  Few  Sources  of  Information  upon  Early  Chemistry 

and  Chemical  Industries  in  America. 


3.  S. 
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17. 

H. 

18. 

G. 

9.  B    B.  Ross      Some  Facts  Relating  to  Early   Chemists  and  Chemical 
Industries  in  Alabama. 

10.  Elton  R.  Darling.     History  of  the  Early  Salt  Industry  of  the  Ohio 

River  and  Kanawha  Valley. 

11.  Eugene  A.  Smith.     Some  Early  Southern  Chemists  and  Their  Work, 

INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 

W.  K.  Lewis,  Chairman  E.  M.  Billings,  Acting  Secretary 

I — Symposium  on  Distillation 
W.  A.  Peters,  Jr.,  Chairman 

1.  W.  A.  Peters,  Jr.     Efficiency  and  Capacity  of  Fractionating  Columns. 

(Lantern.) 

2.  Clark  S.  Robinson.     The  Plate  Efficiency  of  a  Continuous  Alcohol 

Still. 

3.  W.  K.  Lewis  and  Clare  S.   Robinson.     The    Simple  Distillation  of 

Hydrocarbon  Mixtures. 

4.  S.  S.  Heide.     Benzene  Purification. 

5.  C.  A.  Lambert.     Wood  Turpentine. 

6.  W.  K.  Lewis  and  Harold  C.  Weber.     The  Calculation  of  the  Heats  of 

Vaporization  of  Various  Liquids,  First,  by  Means  of  the  Hildebrand 
Function;  Second,  from  Vapor  Pressure  Curves. 

7.  J.  W.  Bodman.     Present  Practice  of  Dynamite  and   Chemically  Pure 

Glycerol  Distillation. 

8.  McGarvev  Cline.     Turpentine  Distillation. 

n — General  Papers 

9.  A.  C.  Fieldner  and  G.  W.  Jones.     Carburetor   Adjustment  by  Gas 

Analysis.     (Lantern.) 
10.  G.  J.  Fink.     Investigations  of  Whitewashes  and  Aqueous  Lime  Paints. 
(Lantern.) 
R.  Norris  Shreve.     Can  We  Afford  to  Make  Potash  in  America? 
F.  Hawi.ey.     Discontinuous  Extraction  Processes. 
W.  Parr.     The  Classification  of  Coal. 

C.  Fieldner,  W.  A.  Selvig  and  W.  L.  Parker.  A  Comparison  of 
the  Standard  Gas  Furnace  and  Micropyrometer  Methods  for  De- 
termining the  Fusibility  of  Coal  Ash.     (Lantern.) 

W.  Parr  and  C.  N.  Davidson.  The  Calorific  Value  of  American 
Woods. 

P.  Kinney  and  G.  St.  J.  Perrott.     The  Shatter  and  Friability  Tests 
for  Metallurgical  Coke. 
Harold  J.  Rose.     Determination  of  True  Specific  Gravity  of  Coke. 
St.  J.  Perrott  and  H.  W.  Clark.     Smokeless  Fuel  for  Salt  Lake 
City. 

19.  S.  W.  Parr.     The  Ultimate  Analysis  of  Coal  by  Utilization  of  Sodium 

Peroxide  Fusions. 

20.  W.  D.  Collins.     The  Value  of  Brands  to  Buyers. 

21.  Arthur   L.    Davis.    Acetone,    Butanol,   Ethanol   and    Gas   from   th« 

Butyl  ic  Fermentation  of  Corn. 

22.  A.  F.  Thal.     Crystallization  in  Transparent  Soap.     (By  title.) 

23.  Lloyd  Logan.     The  Control  of  Industrial  Processes  by  Light  Sensitive 

Means.     (By  title.) 

ORGANIC     CHEMISTRY     DIVISION 

H.  T.  Clarke,  Chairman  Frank  C.  Whitmore,  Secretary 

1.  M.  C,  Sneed  and  J.  Louis  Maynard.     Preparation  of  Methylmer curie 

Acetate  and  Methylmercuric  Hydroxide. 

2.  Henry   C.   Howard,   Jr.,  and  J.   Louis  Maynard.     An  Electrolytic 

Method  for  the  Preparation  of  Mercury  Dimethyl  from  Methyl- 
mercuric  Hydroxide. 

3.  William  A.  Noyes  and  H.  M.  Chiles.     The  Asymmetry  of  Diazodi- 

ethyl  Glutarate. 

4.  L.  Charles  Raiford  and  Liang  Yi  Ho.     Further  Observations  on  the 

Nitration  of  Halogenated  Phenols. 

5.  Marston  Taylor  Bogert  and  Y.  G.  Chen.     New  Organic  Selenium 

Compounds. 

6.  Marston  Taylor  Bogert  and  E.  Abrahamson.     The  Synthesis  of  a 

Thiazole  Analog  of  Cinchophen  (Atophan). 

7.  Edward  C.  Franklin.     Hydrocyanic  Acid:     An  Ammono  Carbonous 

Acid  and  an  Ammono  Formaldehyde. 

8.  Henry  Gilman  and  Charles  H.  Meyers.     A  Study  of  the  Optimum 

Condition  for  the  Formation  of  the  Grignard  Reagent. 

9.  Henry    Gilman    and    Harry    L.    Morris.     The    Reaction    between 

Thionyl  Aniline  and  the  Grignard  Reagent. 

10.  W.  Lee  Lewis  and  R.  S.  Bly,     Arsenated  Heterocyclic  Compounds 

Prepared  fiom  3,4-Diamino-phenylarsonic  Acid. 

11.  W.  Lee  Lewis  and  H.  W.  Stiegler.     Derivatives  of  the  ^-Chlorovinyl 

Arsines. 

12.  Francis  D.  Dodgb.     Chemical  and  Crystallographic  Notes  on  the  Acid 

Phthalates. 

13.  Francis  D.  Dodge.     The  Occurrence  of  Formic  Acid  in  Essential  Oils. 

14.  De  Witt  Neighbors,  S.  M.  Clark.  J.  E.  Miller,  A.  L.  Foster  and 

J.  R.  Bailey.     Catalytic  Reduction  of  the  C-N  Complex. 

15.  Harold  Hibbert  and  Harold  S.  Hill.     The  Preparation  of  Mono- 

and  Parabromoacetaldehyde  and  Their  Application  to  Synthetic 
Work  in  Cellulose  Chemistry. 
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16.  Harold  Hibbekt  and  Roland  R.  Ruicd      The  Electrolytic  Reduction 

of  Crotonaldehyde. 

17.  C.  S.  Adams  and  C.  E.  Boord.     Absorption  Spectra  of  Phenylazophenol 

and  Its  Derivatives  in  the  Visible  Region.     (Lantern.) 

18.  L.    B.   Sebrell   and    C.    E.    Boord.     Preparation   and    Propeities   of 

1-Mercaptobenzotbiazole  and  Its  Derivatives.     (Lantern.) 

19.  C.   S.    Palmer   and  Roger    Adams.     The   Condensation   of   Primary 

Aromatic  Arsines  with  Aldehydes. 

20.  Edmund   Burrus   Middleton    and  Frank   C.   Whitmors.     Organo- 

mercury   Compounds  Formed   from   Salicylaldehyde  and   Its   Nitro 
Derivatives. 

21.  Frank  C.  Whitmore  and  Louis  Ehrenpeld.     Organo-mercury  Com- 

pounds Formed  from    Benzenesulfonic    and  Benzylsulfonic  Acids. 
A  Preliminary  Report. 

22.  Jack  P.  Montgomery.     Mass  Action  in  the  Preparation  of  Compounds 

of  Urea  with  Acids  and  Salts. 

23.  T.  B.  Aldrich  and  Julia  E.  Blanner.     Mononitro  Derivatives  of  the 

Benzoic  Acid  Esters  of  the  Trihalogen  Tertiary  Butyl  Alcohols. 

24.  E.  C.  Kendall  and  A.  E.  Osterberg.     Some  Reaction  Products  of 

Malonic  Ester  and  Cyclohexane  Derivatives. 

25.  A.  B.  Brown  and  E.  Emmet  Reid.     The  Alkylation  of  Aniline. 

26.  A.  B.  Brown  and  E.  Emmet  Reid.     The  Amination  of  Alcohols. 

27.  T.  M.  Berry  and  E.  Emmet  Reid.     The  Alkylation  of  Benzene. 

28.  Hbnry  Gilman  and  Chester  E.  Adams.     Ditolyl-keteoe. 

29.  F.  B.  Flick,  H.  M.  Crawford,  R.  Hoyle  and  H.  Gilman.     The  Effect 

of  an  iso  Grouping  on  the  Melting  and  Boiling  Points  of  Organic 
Compounds. 

30.  Henry  Gilman  and  Russell  M.  Pickens.     Physiological  Action  and 

Chemical  Constitution:  The  Replacement  of  the  Benzoyl  by  Related 
Acyl  Groups. 

31.  W.   Leb  Lewis  and  H.  C.  Cheetham.    Arsenated  Benzophenone  and 

Its  Derivatives — II. 

32.  W.  Lbb  Lewis  and  C.  S.  Hamilton.      Arsenated  Benzanilide  and  Its 

Derivatives. 

33.  W.  L.  Evans,  C.  A.  Buehler  and  R.  A.  Crawford.     The  Oxidation  of 

d-Glucose,  d-Mannose  and  tf-Galactose  with  Alkaline  Permanganate. 

34.  Arthur  J.  Hill  and  Dewitt  T.  Keach.     Application  of  Chloro  Ethers 

for  the  Preparation  of  Some  New  Derivatives  of  Diethyl  Malonate 
and  Barbituric  Acid. 

PETROLEUM  CHEMISTRY  SECTION 

T.  G.  Delbridge,  Chairman  W.  A.  Gruse,  Secretary 

1.  A.  P.  BjERREGAARD.     Volume  Changes  in  Petroleum  Products. 

2.  C.  K.  Francis  and  H.  T.  Bennett.     The  Surface  Tension  of  Petroleum. 
3-  W.  H.  Herschel.    The  Change  in  Viscosity  of  Oils  with  Temperature. 

(Lantern.) 

4.  W.  H.  FuLWEiLER  AND  C.  W.  JORDAN.     Somc  Notcs  on  the  Determina- 

tion of  the  Absolute  Viscosity  of  Petroleum  Oils. 

5.  Thomas  Midgley,  Jr.,  and  T.  A.  Boyd.     The  Compression  Values  of 

Blended  Motor  Fuels. 

6.  C.  J.  Rodman.     The  Catalytic  Oxidation  of  Insulating  Oils. 

7.  R.  R  Matthews  and  P.  A.  Crosby.     Corrosion  of  Petroleum  Refining 

Equipment. 

8.  F.  E.  Hosmer   and   F.    M.    Setbbrt.     Recent  Developments    in   the 

Methods  for  Extraction  of  Gasoline  from  Natural  Gas. 

9.  Edwin  DeBarr  and  F.  W.  Padgett.     Petroleum  Education. 

10.  Conference  on  the  Promotion  of  Research  on  Petroleum. 

11.  C.  E.  Waters.     Sulfur  Compounds  and  the  Oxidation  of  Petroleum 

Oils.     (By  title.) 

PHYSICAL  AND  INORGANIC  CHEMISTRY 

S.  E.  Sheppard.  Chairman  R.  E.  Wilson,  Secretary 

1.  Robert  B.  Sosman.     Theory  of  the  Structure  and  Polymorphism  of 

Silica.     (Lantern.) 

2.  Hamilton  P.  Cady  and  Howard  M.  Elsey.     A  General  Conception  of 

Acids,  Bases  and  Salts. 

3.  Edgar  T.   Wherry.     Crystallography  and   Atomic  Structure.     (Lan- 

tern.) 

4.  A.  S.  Richardson,  F.  C.  Vibrans  and  W.  P.  Bell.     Equilibrium  in  the 

Reduction  of  Iron  Oxides  and  in  the  Oxidation  of  Iron  by  Steam. 
(Lantern.) 

5.  Stewart  J.  Llovo.     Solubility  Measurements  on  Sulfur  Dioxide. 

6.  Graham  Edgar  and  Whxiam  H.  Schuyler.     Esteriflcation  Equilibria 

in  the  Gaseous  Phase. 

7.  N.  E.  Gordon  and  E.  Emmet  Reid.     Partition  Ratios  and  Solubility 

Numbers. 

William  A.  Noyes  and  Thomas  A.  Wn^soH.  The  Amphoteric  Ioniza- 
tion of  Hypochlorous  Acid. 

W.  V.  Evans  and  Louise  Otis.  The  Ionization  of  Butyl  Mercury 
Hydroxide. 

Edward  C.  Franklin.     Ammono  Nitric  Acid. 

EuGENB  C.  Bingham  and  II.  L.  Young.  The  Drainage  Error  in  Vis- 
cosity Measurements  of  Viscous  Materials  by  the  Capillary  Tube 
Method. 

Robert  H.  Boguk.  Hydrogen-Ion  Concentration  and  the  Properties 
of  the  Emulsoid  Colloids. 


8. 


0. 
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13.  S.  E.  Sheppard  and  S.  S.  Sweet.     The  Elasticity  of  Ash-Free  Gelatin 

Jellies.     (Lantern.) 

14.  Harry    B.    Weiskr.     The    Formation    of    Inorganic    Jellies:  General 

Theory. 

15.  H.  H.  King  and  R.  W.  Wampler.     The  Adsorption  and  Orientation  of 

Molecules  of  Dibasic   Organic  Acids  and   Their  Ethereal  Salts  in 
Liquid-Vapor  Interfaces,     (Lantern.) 

16.  B.  S.  Hopkins  and  F.  H.  Driggs.     Atomic  Weight  of  Lanthanum. 

17.  E.  B.  Starkey  and  Neil  E.  Gordon.     Thermoregulator.      (Lantern.) 
IS.  Jack  P.  Montgomery.     The  Concentrations  of  Alkali  Halide  Solutions, 

of  the  Order  of  0.001    N,  Most  Favorable  to  Adsorption  by  Barium 
Sulfate, 

19.  L.  J.  CuRTMAN  AND  D.  Hart.     The  Transposition  of  Insoluble  Oxalates 

by  Sodium  Carbonate  Solution. 

20.  Louis  J.  Curtman  and  N.  H.  Hecht.     A  New  Method  for  the  Volu- 

metric Determination  of  Iron. 

21.  Louis  J.  Curtman.     Two  New  Pieces  of  Apparatus  for  Use  in  Analyti- 

cal Work. 

22.  Graham    Edgar    and    R.    B.    Purdum.     Rapid    Electrolysis    without 

Mechanical  Stirring, 

23.  Eugene  C.  Bingham  and  Herbert  D.  Bruce.     The  Relation  of  Yield 

Value  and  Mobility  to  the  So-called  Painting  Consistency  of  Paints. 

24.  Harry  B.  Weiser.      Hydrous  Oxide.     IV — Hydrous  Stannic  Oxide. 

25.  S.  E.  Sheppard  and  S.  S    Sweet.      The  Interfacial  Tension  between 

Toluene  and  Ash-Free  Gelatin  Solution.     (Lantern.) 

26.  James  M.  Bell.     The  Nitration  of  Toluene. 

RUBBER  CHEMISTRY  DIVISION 

C.  W.  Bedford,  Chairman  Arnold  H.  Smith,  Secretary 

1.  R.  P.  DiNSMORE.     Internal  Mixers. 

2.  Ira    Williams.     The    Thermal    Properties    of    Rubber    and    Rubber 

Pigments. 

3.  H.  W.   Greider.     Physical  Properties  of  Rubber  Compounded  with 

Light  Magnesium  Carbonate.     (Lantern.) 
4    Norman  A.  Shepard  and  Stanley  Krall.     The  Relation  between 
Chemical  and  Physical  State  of  Cure  of  Rubber  Vulcanized  in  the 
Presence  of  Certain  Organic  Accelerators.     (Lantern.) 

5.  W   B.  WiEGAND,     Physical  Testing  Graphs.     (Lantern.) 

6.  Rubber  Division  Methods  for  Rubber  Analysis  Report  of  Committeei 

and  Discussion. 

7.  Organic  Accelerators.     Symposium.     Specification  Standards  and  Test- 

ing, including  Both  Chemical  and  Physical  Tests  in  Compounds. 

SUGAR  CHEMISTRY  DIVISION 

S.  J.  Osborn,  Chairman  Frbderick  Bates,  Secretary 

1.  C.  A.  Brownb.     The  Moisture  Absorptive  Power  of  Different  Sugars 

and  Carbohydrates. 

2.  W.  D.  HoRNE.     Sugar  Purity  Determinations. 

3.  C.  E.  G.  Porst  and  M.  Moseowitz.     Plastometer  Tests  on  Alkaline 

Thin  Boiling  Cornstarches. 

4.  H.  T.  Ruff  and  J.  R.  Withrow.     The  Determination  of  Gums  in  Raw 

Sugars. 
6.   O.  A.  SjosTROM.     The   Determination  of  the  pH  Value  of  Commercial 
Glucose  as  a  Substitute  for  the  Candy  Test. 

6.  B.  B.  Ross.     Some  Notes  on  the  Determination  of  Reducing  Sugars. 

7.  W.    P.    Valentine.     An   Improved    Precision    Refractometer    for    the 

Sugar  Industry. 

8.  M.  H.  Wiley.     The  Observance  of  Mutarotation  in  the  Polarization 

of  Raw  Cane  Sugar. 

9.  F.  W.  Zerban.     Note  on  the  Color  Range  of  Cane  Sirups  and  Molasses. 

10.  C.  E.  Coates.     Manufacture  of  Plantation  Standard  Granulated  Sugar 

with  and  without  Activated  Char. 

11.  P.  M.  Horton.     The  Decolorizing  Power  of  Bone  Char,     (Preliminary 

Report.) 

12.  W.  D.  Horns.     Color  and  Ash  Absorption  by  Boneblack  and  Decoloriz- 

ing Carbons. 

13.  J.  F.  Brewster  and  W.  G.  Raines,  Jr.     Control  of  Reaction  in  Sugar- 

house  (and  Refinery)  Liquors.     (Lantern.) 

14.  J.  F.  Brewster  and  W.  G.  Raines,  Jr.     The  Precipitate  Formed  in 

Sugarhouse  Sirups.      (Lantern.) 

15.  H.  H.  Peters  and  F.  P.  Phelps.     Modifications  in  the  Use  and  Appli- 

cation of  the  Hess-Ives  Tint  Photometer.     (Lantern.) 

16.  W.  B.  Newkirk  and  H.  H.  Petbrs.        Color  Values  of  High-Grade 

Sugars.     (Lantern.) 

17.  E.P.Clark.     Note  on  a  Laboratory  Vacuum  Still.     (Lantern.) 

18.  R.  S.  Black.     The  Preparation  of  Adonttol. 

WATER,  SEWAGE  AND  SANITATION  DIVISION 

A.  M.  BuawKLL.  Chairman  W.  W   Skinner.  Secretary 

1.  Edward  Bartow,  M.  E.  Flentjk  and  W.  U.  Gallaher.     The  Effect 

of  Temperature  on  the  Rate  of  Reaction  in  Water  Softening  by  the 
Lime-Soda  Ash  Method. 

2.  A.  M.  BuswKLL.     Observations  on  the  Mechanism  of  Iron  Remoral. 
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3.  J.  W.  Sale.     Specific  Gravity  of  Mineral  Waters  by  Calculatioii. 

4.  W.  W.  Skinnbr,  C.  H.  Badger  and  J.  W.  Sale.     Bottled  Mineral 

Waters  of  Unusual  Composition. 

5.  W.   F.    MoNFORT.     Two  Instances   in    Which   Acute  Troubles  Were 

^Explained  by  Means  of  the  pH  Determination. 

6.  W.  D.  Hatfield.     Data  on  the  Application  of  pH  Value  to  the  Operation 

of  Filtration  Plants. 

7.  A.  M.  BoswEii..     Formulation  of  Equilibria  in  the  Coagulating  Basin. 

8.  A.    M.    BnswELL.     Report   of   Committee   on    Standard    Methods   of 

Analysts. 
Topic  for  Discussion:    Specifications  for  Lime  for  Water  Treatment. 


The  Chemical  Exposition 

The  Eighth  National  Exposition  of  Chemical  Industries  will 
be  held  this  year  in  the  Grand  Central  Palace,  New  York,  during 
the  week  of  September  1 1  to  16,  inclusive.  It  will  follow  imme- 
diately upon  the  Fall  Meeting  of  the  American  Chemical 
Society.  The  early  date  will  give  college  and  university  men 
an  opportunity  to  see  the  exhibits  before  the  beginning  of  the 
college  year.  There  is  much  in  this  coming  Exposition  to 
interest  university  men.  Each  floor  in  the  Exposition  has 
exhibits  of  laboratory  apparatus,  and  one  floor  has  a  considerable 
group  of  this  type  of  equipment.  Many  new  pieces  of  apparatus, 
new  chemical  compounds,  and  other  material  and  instruments 
will  be  found  here. 

The  interests  for  industrial  chemistry  in  the  Exposition  are 
wide  and  varied:  from  raw  materials  in  minerals,  ores,  manufac- 
turing crudes  or  by-products,  through  the  range  of  machinery, 
apparatus  and  equipment  and  instruments  for  control,  precision, 
recording,  gaging  and  measuring,  and  a  thousand  other  items 
used  in  converting  the  raw  materials  into  the  finished  products. 
The  finished  products  themselves,  whether  they  be  organic, 
inorganic,  soUd,  Uquid,  gaseous,  or  of  any  other  form,  are  all 
to  be  there.  Many  new  things  upon  which  manufacturers  were 
working  when  the  war  ended  and  which  have  been  more  leisurely 
perfected  since  will  be  shown  for  the  first  time.  Industrial  prog- 
ress continually  calls  for  greater  advancement  and  perfection  in 
manufacture,  and  each  year  sees  many  notable  improvements 
upon  the  exhibits  in  the  Exposition.  Coimting  only  these, 
the  time  of  technical  and  business  men  is  well  spent  in  inquiring 
into  the  exhibits.  One  exhibitor,  who  for  the  past  few  years 
has  been  devoting  time  to  the  perfection  of  a  new  form  of  appara- 
tus, said  the  other  day  that  it  is  now  when  men  have  time  to 
spare  for  consideration  of  these  things  that  he  expects  a  consider- 
ably larger  and  more  interested  attendance  in  his  booth.  "When 
the  plants  are  idle  as  they  are  now,  the  most  progressive  com- 
panies are  examining  into  our  apparatus,  and  a  remarkable  thing 
is  that  we  are  making  some  installations  in  plants  which  are  now 
closed,  so  that  when  they  begin  work  they  will  be  in  better 
position  than  ever  and  have  an  advantage  in  taking  this  oppor- 
tunity to  prepare  to  reduce  their  costs  for  the  future.  I'm 
looking  for  many  more  such  openings  through  our  exhibit  and 
^\-ith  considerable  enthusiasm  for  the  entire  Exposition." 

The  managers  report  that  three  full  floors  of  the  Grand  Cen- 
tral Palace  are  already  taken  for  the  Exposition  and  a  part  of 
a  fourth.  They  expect  all  space  will  be  engaged  before  the 
opening  date.  Already,  303  exhibitors  have  contracted  for 
space. 

The  Exposition  will  contain  two  interesting  special  sections: 
one  upon  the  subject  of  fuel  economy,  where  exhibits  intended  for 
the  more  efficient  use  of  fuel,  its  combustion,  distribution,  or 
control  will  be  made.  The  other  will  deal  with  shipping  con- 
tainers, including  the  container  itself,  whether  of  metal,  wood, 
fiber,  paper,  glass  or  In  cooperage  products  of  slack  and  tight 
barrels,  tanks  and  towers,  and  with  machinery  for  packaging, 
labeling,  handling,  and  conveying  the  packaged  material  and 
marking  it  ready  for  final  shipment. 


Work  upon  the  program  has  not  yet  been  actively  undertaken 
but  it  may  be  expected  to  compare  more  than  favorably  with 
the  high  standards  of  the  preceding  Expositions.  The  manage- 
ment have  returned  to  the  Grand  Central  Palace  with  their 
offices,  and  all  inquiries  should  be  directed  there. 


Plan  Now  for  Pittsburgh  in  September ! 

Convention  dates,  September  5  to  9,  1922 

We  are  actively  preparing  for  the  coming  of  our  guests,  having 
special  regard  to  arrangements  for  comfortable  quarters  at 
minimum  cost,  convenient  and  suitable  meeting  places,  cordial 
welcome  and  interesting  entertainment,  excellent  technical 
program  and  profitable  excursions  to  glass  works,  enameling 
plants,  iron  and  steel  plants  of  all  kinds,  zinc  and  sulfuric  acid 
plants,  coal  mines,  and  by-product  coke  plants. 

Dormitory  accommodation  at  a  maximum  rate  of  $1.50 
per  day  will  be  available  for  350  men  and  50  ladies.  Hotel 
space  will  be  ample  if  arranged  for  well  in  advance. 

The  great  Music  Hall  of  the  Carnegie  Institute  has  been  placed 
at  our  disposal  for  the  opening  meeting  and  for  the  public  meet- 
ing. We  hope  to  combine  registration  and  personal  welcome 
before  the  opening  meeting,  Wednesday  morning. 

The  meetings,  except  that  of  the  Council,  will  be  held  in  the 
neighborhood  of  the  Carnegie  Institute. 

The  ladies  will  be  especially  well  entertained.  Details  will 
be  announced  later. 

We  hope  that  the  attendance  at  the  meeting  will  break  all 


records. 


James  Otis  Handy,  Chairman 


S.  O.  C.  M.  A.  Officers 

The  Synthetic  Organic  Chemical  Manufacturers  Association 
of  tlie  United  States  held  its  first  Annual  Meeting  at  the  Hotel 
Pennsylvania  on  Friday,  March  31,   1922. 

Officers  for  the  ensuing  year  were  elected  as  follows: 

President:    Chas.  H.  Herty 

Vice  Presidents: 

Dyestuff  Section,  C.  N.  Turner.  Newport  Chemical  Works,  Passaic, 

N.  J. 
Intermediate  Section,  Chas,  A,  Meade,  E.  I.  du  Pont  de  Nemours 

&  Co,,  Wilmington.   Del 
Pharmaceuticals    Section,    Herman    Sevdei,.    Seydel    Mfg.    Co,, 

Jersey  City,  N.  J. 
Fine    Organic    Chemicals    Section,    P.    Schleussner,    Roessler    & 
Hasslacher   Co..   New    York    City 

Treasurer:   Donald  McKesson,  McKesson  &  Robbios,  New  York  City 

Board  of  Governors: 

Vice  Presidents,  ex  officio 

August  Merz,  Heller  &  Merz,  Newark,  N.  J. 
F.  P,  Summers,  Noil  Chemical  &  Color  Works,  New  York  City 
S,  ISERMAN,  Chemical  Co,  of  America,  New  York  City 
F.  E,  Signer.  Butterworth-Judson  Corp.,  New  York  City 
W.  T.  Cashman,  Grasselli  Chemical  Co..  Cleveland,  Ohio 
S,  W.  Wilder,  Merrimac  Chemical  Co.,  Boston,  Mass. 
A.  S.  BoRDicE,   Abbott  Laboratories.   Chicago,  111. 
Donald  McKesson,  McKesson  &  Robbins,  New  York  City 
F,  L.  McCartney,  Monsanto  Chemical  Works,  St.  Louis,  Mo, 
James  T.  Pardee,  Dow  Chemical  Co..  Midland,  Mich. 
Chas.  H.  Herty,  ex  officio 


The  Carbon  Electrode 

The  National  Carbon  Company  has  issued  a  little  booklet  of 
79  pages  dealing  with  the  carbon  electrode.  In  addition  to  an 
account  of  the  history  and  a  description  of  the  manufacture  of 
carbon  electrodes,  the  booklet  contains  electric  furnace  diagrams, 
standard  electrode  data,  physical  and  mechanical  properties  of 
carbon,  and  various  formulas  and  tables  which  should  prove  of 
value  to  the  users  of  electric  furnaces. 


May,  1922 
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A.  C.  S.  Division  and  Section  Meetings 

DIVISION  OF  AGRICULTURAL  AND  FOOD  CHEMISRTY 

The  Division  of  Agricultiinil  and  I'ood  Chemistry  held  two 
long  sessions  on  Wednesday  with  T.  J.  Bryan,  Chairman,  pre- 
siding. t)f  the  21  papers  pn  the  program  all  were  read  and 
discussed  except  three  which  were  read  by  title  in  the  absence 
of  the  authors.  The  papens  on  self-rising  and  bleached  flours 
promoted  very  active  and  interesting  discussion.  The  authors 
of  these  papers  showed  that  flours  low  in  gluten  were  being  used 
very  extensively  in  the  South  and  that  in  some  instances  leaven- 
ing agents  were  not  present  in  proper  proportions  to  obtain  the 
best  results.  The  paper  by  B.  B.  Ross  on  "The  Occurrence  and 
Composition  of  Some  Alabama  Phosphates"  was  very  interest- 
ing and  showed  plainly  that  there  were  large  and  rich  depo.sits 
of  this  phosphatic  material  in  Alabama  awaiting  development. 
A  paper  by  Dr.  E.  H.  S.  Bailey  of  Kansas  on  a  dietary  study  of 
some  state  institutions  showed  the  necessity  for  such  investi- 
gations and  that  more  such  investigations  should  be  made  of 
the  various  institutions  of  several  states.  Mr.  F.  W.  Robison 
brought  out  the  fact  that  a  new  electric  method  of  treating 
milk  produces  a  product  which  is  better  than  the  pasteurized 
milk  that  is  ordinarily  produced. 

The  meeting  as  a  whole  was  unusually  well  attended  and  more 
interest  in  discussion  was  shown  than  has  been  seen  for  some 
time.  At  Pittsburgh  next  fall  the  Division  will  devote  one  full 
session  to  a  symposium  on  food  fats,  with  Dr.  David  Wesson  as 
Chairman. 

C.  S.  BrinTon,  Secretary 


DIVISION  OF  BIOLOGICAL  CHEMISTRY 

In  the  absence  of  the  Chairman,  Howard  B.  Lewis,  who  was 
unable  to  attend  the  meeting  on  account  of  sickness.  Secretary 
J.  S.  Hughes  presided  at  the  meetings  of  the  Division.  During 
the  morning  session  eight  very  interesting  papers  covering  a  wide 
range  of  subjects  were  presented.  Of  these  the  one  presented  by 
Atherton  Seidell,  in  which  he  discussed  some  of  his  difficulties 
in  attempting  to  isolate  \^itamin  B,  was  very  interesting  and 
called  forth  some  discussion  very  helpful  to  people  working  in 
this  field.  At  the  afternoon  meeting  five  papers  were  presented. 
Three  of  these  were  on  the  subject  of  vitamins,  two  by  J.  S. 
Hughes  concerning  the  effect  of  feeds  low  in  vitamins  on  domestic 
animals,  the  other  by  C.  H.  Hunt  on  Vitamin  C  contained  in 
goat's  milk.  These  papers  were  received  with  the  interest 
always  accorded  the  papers  on  this  very  interesting  subject. 
One  of  the  most  interesting  and  timely  papers  of  the  entire  meet- 
ing was  that  by  I.  K.  Phelps  on  "The  Decomposition  of  Food  by 
Bacillus  botiilinus."  In  discussion  of  this  subject  Dr.  Phelps 
gave  a  very  full  and  interesting  report  of  a  number  of  cases  of 
Ijotulinus  poisoning  wliich  had  occurred  recently.  At  the 
meeting  in  New  York  last  fall  a  committee,  of  which  Dr.  A.  D. 
Kmmett  was  Chairman,  was  appointed  for  the  purpose  of  de- 
vising some  standard  method  of  feeding  and  caring  for  experi- 
mental animals  to  be  used  in  the  study  of  the  nutritive  properties 
of  foods.  Dr.  Emmett  was  unable  to  attend  the  meeting  but 
submitted  a  report  for  the  committee.  This  report  states  that 
progress  has  been  made  but  as  yet  no  definite  methods  can  be 
suggested  for  this  work.  Reports  at  future  meetings  will  be 
received  on  this  subject. 

J.  S.  Hughes,  Secretary 


Several  men  were  prevented  from  attending  and  their  papers 
were  read  by  title.  Dr.  Max  Phillips  of  the  Color  Laboratory 
in  Washington  read  a  paper  by  himself  on  "The  Preparation  of 
7,  7'-Di(-hydroxy-isopropyl)-indigo,"  and  he  also  presented  a 
paper  by  Mr.  H.  L.  Haller  of  the  same  laboratory  on  "The 
Preparation  of  Phenylglycine-o-carboxylic  Acid.  I — From 
Anthranilic  Acid  and  Monochloroacetic  Acid."  Dr.  E.  Emmet 
Rcid  of  Johns  Hopkins  spoke  about  some  work  which  he  and 
Mr.  Waldron  had  been  doing  on  azo  dyes  containing  siflfur 
Dr.  Reid  exhibited  samples  of  dyeings  showing  that  when  sulfur 
was  in  a  position  directly  bound  to  the  benzene  ring  its  influence 
was  to  deepen  and  redden  the  shade  of  azo  dyes.  Dr.  M. 
T.  Bogert  described  work  which  he  and  Dr.  Meyer  had  done  on 
"Experiments  with  Dehydrothio-/)-toluidine  and  Related  Com- 
pounds." Dr.  Bogert  announced  that  quite  recently  he  had 
prevailed  upon  Columbia  University  to  relieve  him  of  all  his 
work  except  that  pertaining  to  dyes,  intermediates,  and  related 
compounds.  Dr.  Jules  Bebie  described  a  number  of  uses  for 
the  saccharin  by-product,  ^-toluenesulfonyl  chloride.  "The 
-iVnalysis  of  iJ-Naphthylamine"  by  a  number  of  different  methods 
was  described  by  Messrs.  Henry  R.  Lee  and  D.  O.  Jones. 

R.  NoRRis  Shreve,  Secretary 


DIVISION    OF    INDUSTRIAL    AND    ENGINEERING     CHEMISTRY 

The  practice  of  the  Division  of  Industrial  and  Engineering 
Chemistry  of  holding  a  symposium  upon  a  subject  of  vital  im- 
portance to  industrial  chemists  is  proving  extremely  valuable. 
At  Birmingham  the  subject  was  "Distillation."  and  the  interest 
in  it  was  demonstrated  by  the  fact  that  over  one-third  of  the 
chemists  present  at  the  Convention  were  in  attendance  at  the 
meeting.  Papers  giving  the  fundamentals  underlying  the  sub- 
ject were  presented.  The  applied  phases  of  the  topic  were  also 
well  covered.  W.  A.  Peters,  Jr.,  was  chairman  of  the  symposium, 
and  he  is  to  be  highly  commended  for  arranging  such  a  well- 
balanced  set  of  papers.  Many  papers  were  promised  to  him  by 
chemists,  who  later  found  that  their  firms  did  not  wish  them  to 
present  papers  at  this  time.  The  papers  presented  before  the 
symposium  will  be  pifl^lished  in  the  June  issue  of  This  Journ.'VL. 

Many  papers  on  the  general  program  dealt  with  gases  and 
fuels;  those  by  Drs.  Fieldner  and  Parr  provoked  considerable 
discussion.  The  tendency  to  draw  specifications  for  everything 
was  discouraged  in  a  paper  by  Dr.  Collins.  Reliable  brands 
often  mean  more  than  detailed  specifications.  Mr.  Shreve's 
paper  showed  by  statistics  how  an  American  potash  industry, 
if  given  a  brief  pteriod  of  protection,  would  become  a  very  valu- 
able national  asset.  At  last  a  scientific  attack  on  the  subject 
of  whitewashes  has  been  begun,  and  some  valuable  results  and 
conclusions  were  given  by  Mr.  Fink. 

At  the  business  meeting  of  the  Division  it  was  unanimously 
voted  to  recommend  to  the  Society  that  a  Section  on  C^as  and 
Fuel  Chemistry  be  created  at  the  Pittsburgh  Meeting.  Reports 
were  read  from  the  following  committees;  Lime  Committee 
(progress  reported);  Standardizatioti  of  Apparatus  and  Material 
Committee  (progress  reported) ;  Methods  of  Analysis  and  Specifi- 
cations of  Commercial  Soaps  and  Soap  Products  (committee 
presented  final  report  which  was  referred  to  the  Advisory  Com- 
mittee). The  Acting  Secretary  was  unanimously  elected  Secre- 
tary of  the  Division.  Automatic  Process  Control  is  the  subject 
upon  which  the  sympo.sium  will  be  held  at  Pittsburgh. 

E.  M.  Billings,  Secretary 


DIVISION  OF  DYE  CHEMISTRY 

Before  starting  the  papers  the  Secretary  of  the  Division 
enumerated  a  few  of  the  activities  in  which  the  officers  of  the 
Division  had  been  engaged  since  the  last  meeting.  In  accordance 
with  the  resolution  of  the  Division  at  the  Rochester  Meeting 
in  the  spring  of  11121,  the  Secretary  of  Commerce  was  i>etitioned 
to  su])])ly  the  information  on  individual  dye  marks  that  had  been 
elided  from  the  Norton  Census  of  Dyes  because  of  the  protest 
of  the  imjiorters  of  German  dyes.  In  accordance  with  this 
resoluti<ni  the  Bureau  of  Foreign  and  Domestic  Commerce  jire- 
pared  a  supplement  to  the  Norton  Census,  giving  this  desired 
informati(jn.  These  supplements  have  been  tlistributed  to  all 
registered  mcmliers  of  the  Division  and  also  to  other  interested 
])urties. 

The  Secretary  of  the  Division  has  also  been  cooperating  with 
the  Society  of  Dyers  and  Colourists  of  Bradford,  England,  in 
the  preparation  of  the  Color  Index.  The  Cooperation  Committee 
(jf  the  Division  had  one  meeting  in  the  early  winter  with  the 
Color  Laboratory  in  Washington  and  the  report  of  this  visit 
was  made  to  the  Division. 


DIVISION  OF  ORGANIC  CHEMISTRY 

(jf  the  34  papers  on  the  program,  29  were  presented.  Although 
the  attendance  was  small,  averaging  about  30,  the  discu.ssion  of 
the  papers  was  unusually  lively.  This  may  have  been  due  to 
the  fact  that  abstracts  of  all  the  papers  had  been  mailed  to  the 
members  about  ten  days  before  the  meeting.  Among  the 
papers  which  aroused  the  most  discussion,  were  the  following: 
Dr.  Oilman's  paper  on  the  "Preparation  of  the  Grignard  Rea- 
gent;" "Catalytic  Reduction  of  the  C-N  Complex,"  bv  De 
Witt  Neighbors,  S.  M.  Clark,  J.  E.  Miller,  A.  L.  Foster  ami  J. 
K.  Bailey;  and  Dr,  Hil)bert's  paper  on  "Crotonaldehyde."  The 
regular  jiapers  of  the  Division  were  followed  by  a  symiiosium 
with  the  Cellulose  Division  on  the  recent  work  on  the  conslilu 
tion  of  starch  and  cellulose.  Dr.  Hibbert  gave  a  very  lucid 
discussion  on  recent  work  in  this  field,  especially  that  of  Hel- 
frich.  Dr.  Mahood  continued  the  discussion,  giving  the  recent 
work  of  Haworlh  and  Irvine  on  the  disaccharides.  He  also 
gave  at  some  length  the  work  of  Kurt  Hess  on  the  structure  of 
cclhdose.  Dr.  Hibbert  called  attention  to  the  flaws  in  the  work 
of  Hess,  as  shown  by  the  results  of  l-'reudenbcrg,   Karrcr,  and 
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others.  He  also  gave  a  discussion  of  his  own  cyclic  formula  for 
the  nucleus  of  cellulose,  pointing  out  its  strong  points  and  its 
weaknesses.  The  small  number  of  chemists  registered  in  the 
Organic  Division  does  not  adequately  represent  the  organic 
chemists  of  the  country.  The  Secretary  will  be  very  glad  to 
receive  suggestions  for  methods  of  reaching  organic  chemists 
and  for  the  names  and  addresses  of  any  chemists  likely  to  be 
interested  in  the  work  of  the  Division.  Such  suggestions  and 
names  should  be  sent  to  the  Secretary,  Northwestern  University, 
Evanston,  111. 

Frank  C.  WinTMORE,  Secretary 


DIVISION  OF  PHYSICAL  AND  INOBOANIC  CHEMISTRY 

The  Division  held  three  very  interesting  sessions,  at  which 
26  papers  were  presented.  They  joined  with  the  Division  of 
Industrial  and  Engineering  Chemi.stry  for  their  symposium  on 
distillation  Wednesday  morning.  At  the  business  meeting  of 
the  Division,  after  considerable  discussion  of  possible  methods 
of  arranging  the  program,  it  was  voted  that  the  arrangement  be 
left  to  the  discretion  of  the  Secretary,  with  instructions  to  place 
related  papers  together  on  the  program,  regardless  of  their 
priority  of  receipt  or,  within  reason,  of  the  number  of  papers 
offered  by  one  individual. 

Professor  Bingham  gave  the  following  report,  as  Chairman  of 
an  informal  committee  nominated  this  year  to  consider  the 
perpetuation  of  the  Journal  of  Physical  Chemistry: 

Whereas,  arrangements  have  been  made  whereby  the  Journal  of  Physi- 
cal Chemistry  will  be  continued  and  probably  internationalized,  and 

Whereas,  the  continuation  of  the  Journal  of  Physical  Chemistry  is  of 
importance  to  all  chemists,  especially  those  interested  in  special  fields  of 
physical  chemistry,  such  as  colloid  chemistry,  adsorption,  surface  catalysis, 
capillary  chemistry,  etc.,  as  a  medium  of  more  extended  publication  of  re- 
search than  can  be  printed  with  the  present  funds  of  the  SOCIETY  in  the 
Journal  of  the  Atnerican  Chemical  Society,  and 

Whereas,  it  has  been  suggested  that  the  Journal  of  Physical  Chemistry 
be  published  under  the  auspices  and  direction  of  the  American  Chemical 
Society  and  The  Chemical  Society  (London),  and 

Whereas,  it  is  desirable  that  all  scientific  chemical  activity  in  America, 
so  far  as  possible,  shall  be  centered  within  the  .\merican  Chemical  Society. 

Therefore  be  it  Resolved,  that  the  Division  of  Physical  and  Inorganic 
Chemistry  recommend  to  the  Council  that  the  officers  of  the  Society 
be  instructed  to  correspond  with  The  Chemical  Society,  and  to  arrange, 
if  possible,  for  the  appointment  of  an  editor  and  a  board  of  editors  and,  if 
necessary,  a  board  of  control,  by  the  American  Chemical  Society  alone, 
or  in  conjunction  with  The  Chemical  Society,  to  take, over  and  direct  the 
future  of  the  Journal  of  Physical  Chemistry,  if  it  can  be  done  without 
expense  to  The  Chemical  Society. 

Be  it  Further  Resolved,  that  an  arrangement  be  made  witli  the  Board 
of  Control  of  the  Journal  of  Physical  Chemistry  whereby  members  of  the 
American  Chemical  Societv  and  of  The  Chemical  Society,  if  the  latter 
society  jointly  acts  with  the  American  Chemical  Society  in  the  matter, 
may  receive  a  reduced  rate  of  subscription  over  that  extended  to  non- 
members  of  these  societies. 

After  considerable  discussion  it  was  voted  that  (subject  to 
the  written  approval  of  the  report  by  the  majority  of  the  mem- 
bers of  the  special  committee)  the  Division  should  recommend 
to  the  Council  that  the  Society  adopt  the  plan  outlined  in  the 
committee  report. 

Among  the  papers  which  attracted  special  interest  were  those 
of  Sosman  and  of  Wherry  bearing  on  the  structure  of  solid 
crystals;  of  Franklin  on  ammono-nitric  acid.  Edgar  and 
Schuyler  gave  interesting  data  on  the  equilibrium  in  the  vapor 
phase  between  acetic  acid,  alcohol,  and  ethyl  acetate  which 
cleared  up  certain  apparent  contradictions  in  previously  reported 
studies  on  the  catalysis  of  this  reaction  in  the  vapor  phase. 

W.  A.  Noyes  and  J.  T.  Wilson  reported  accurate  data  on  the 
ionization  and  general  behavior  of  hypochlorous  acid,  bearing 
upon  the  possible  existence  of  a  positive  chlorine  ion. 

R.  E.  Wilson,  Secretary 


DIVISION  OF  BUBBEB  CHEMISTBY 

R.  P.  Dinsmore  presented  a  paper  on  "Internal  Mixers" 
which  summed  up  his  experience.  He  left  the  audience  much 
undecided  as  to  the  advisability  of  the  general  application  of 
this  type  of  mi.xer.  Ira  Williams,  in  his  paper  on  "The  Thermal 
Properties  of  Rubber  and  Rubber  Pigments,"  showed  very- 
careful  work  on  diffusivities  and  conductivities  of  rubber,  fabric, 
and  pigments. 

H.  W.  Greider  showed  that  magnesium  carbonate  ranks  near 
zinc  oxide  and  carbon  black  as  a  filler,  nine  volumes  to  one 
hundred  volumes  of  rubber  being  the  optimum  amount  and  also 


the  maximum  advisable  in  most  cases.  High  set  restricts  its 
use.  The  paper  of  Norman  A.  Shepard  and  Stanley  Krall 
covered  experiments  with  common  organic  accelerators.  With 
a  compound  consisting  of  48  parts  of  rubber,  48  of  zinc  oxide, 
and  .3  of  sulfur  they  secured  equivalent  cures  at  60  min.  at  141° 
C.  as  determined  by  coinciding  stress-strain  curves  with  the  fol- 
lowing parts  of  accelerator:  0.5  of  hexamethylenetetramine ; 
0.25  of  ^-nitrosodimethylaniline ;  0.75  of  aldehyde  ammonia; 
and  1.5  of  thiocarbanilide.  True  coefficients  of  vulcanization 
were  determined.  Wide  variations  were  found.  The  authors 
reached  the  conclusion  that  there  is  no  relation  between  the 
coefficient  of  vulcanization  and  physical  properties. 

W.  B.  Wiegand  presented  standard  forms  and  methods  of 
plotting  data.  W.  W.  Evans  announced  that  the  rubber  di- 
vision methods  of  analysis  are  ready  for  publication  and  will 
come  up  for  adoption  at  the  September  meeting.  The  Geer 
age  test  was  adopted  as  standard. 

The  incorporation  of  chemical  tests  in  specifications  for  hose, 
insulated  wire,  etc.,  was  opposed  by  several  members.  It  was 
the  feeling  of  those  present  that  specifications  should  be  limited 
to  physical  and  life  tests.  The  present  specifications  are  re- 
stricting development.     About  35  were  in  attendance. 

C.  C.  North,  Acting  Secretary 


DIVISION    OF  SUGAB  CHEMISTBY 

The  Division  of  Sugar  Chemistry  held  its  ses.sions  on  Wed- 
nesday and  Thursday,  S.  J.  Osborn,  Chairman,  presiding.  The 
attendance  showed  a  good  representation  of  all  important 
branches  of  the  industry  and  even  included  one  visitor  from  the 
Island  of  Mauritius,  who  presented  a  paper.  Great  interest  was 
shown  in  the  work  of  the  Division  and  progress  was  reported  on 
many  of  the  problems  which  had  been  recently  receiving  atten- 
tion at  the  hands  of  the  sugar  chemists  and  technologists.  "The 
Manufacture  of  Plantation  Standard  Granulated  Sugar  with 
and  without  Activated  Char"  was  ably  summarized  by  Pro- 
fessor Coates,  and  other  papers  on  the  properties  of  boneblack 
and  decolorizing  carbons  showed  that  the  interest  in  this  subject 
still  continues  and  that  there  is  much  further  work  yet  to  be 
done.  The  measurement  of  color  was  covered  by  papers  read 
by  H.  H.  Peters,  reporting  investigations  of  himself  and  others 
at  the  Bureau  of  Standards  on  the  fundamentals  of  the  problem, 
and  Dr.  F.  W.  Zerban  gave  some  data  regarding  the  color  range 
of  cane  sirups.  Dr.  C.  A.  Browne  presented  some  interesting 
figures  on  the  "Moisture  Absorptive  Power  of  Different  Sugars 
and  Carbohydrates,"  showing  that  some  commonly  held  ideas 
needed  revision.  Dr.  J.  F.  Brewster  had  some  interesting  data 
on  "The  Control  of  Reaction  in  Sugarhouse  (and  Refinery) 
Liquors"  and  the  composition  of  the  precipitate  formed  in  sugar- 
house  sirups.  Mr.  W.  P.  Valentine  described  and  exhibited 
an  improved  precision  refractometer  for  the  sugar  industry 
which  was  favorably  commented  upon  by  those  interested 
in  refractometric  determinations.  The  rare  sugars  were  repre- 
sented in  a  paper  by  Mr.  R.  S.  Black  on  "The  Preparation  of 
Adonitol."  Analytical  methods  were  discussed  in  several  papers, 
of  particular  interest  being  the  case  reported  by  M.  H.  Wiley 
on  "The  Observance  of  Mutarotation  in  the  Polarization  of  Raw 
Cane  Sugar." 

S.  J.  Osborn,  Chairman 


DIVISION  OF  WATEB,  SEWAGE,  AND  SANITATION 

While  the  attendance  at  the  meeting  of  the  Division  of  Water, 
Sewage,  and  Sanitation  was  smaller  than  at  any  meeting  during 
recent  years,  there  being  only  26  in  attendance,  the  interest 
and  enthusiasm  were  greater  than  usual.  The  program  was 
most  interesting  and  the  papers  were  fully  discussed.  This  was 
especially  true  of  the  paper  by  Bartow,  Flentje  and  Gallaher 
on  "The  Effect  of  Temperature  on  the  Rate  of  Reaction  in 
Water  Softening  by  the  Lime-Soda-Ash  Method,"  a  topic  of 
peculiar  interest  to  the  chemist  at  present  interested  in  water 
supplies  and  water  treatment  plants. 

The  paper  by  Hatfield  on  the  "Application  of  pH  Value  to 
the  Operation  of  Filtration  Plants"  was  also  well  received  and 
thoroughly  discussed. 

The  Chairman,  Dr.  A.  M.  Buswell,  made  a  full  report  on  the 
activities  of  the  committee  from  the  American  Chemical 
Society  appointed  to  cooperate  with  a  similar  committee  from 
the  American  Public  Health  Association  to  revise  the  standard 
methods  of  analysis  issued  by  the  latter  association. 

Owing  to  the  extended  discussion  of  the  formal  papers  time 
was  not  available  for  consideration  of  the  special  topic  for  dis- 
cussion, namely.  Specifications  for  Lime  for  Water  Treatment. 
Accordingly,  the  Division  voted  to  defer  this  topic  imtil  the  fall 
meeting. 
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In  the  afternoon  the  Division  was  entertained  by  an  auto- 
mobile trip  to  the  Birmingham  Pumping  and  Filtration  Plant, 
located  about  ten  miles  northeast  of  the  city.  Visitors  to  the 
plant  freely  expressed  the  opinion  that  it  was  one  of  the  best 
arranged  and  best  equipped  plants  that  they  had  ever  inspected. 

W.  W.  Skinner,  Secretary 


SECTION  OF  CELLULOSE  CHEMISTBY 

The  attendance  at  the  meetings  of  the  Section  was  very  good, 
and  the  full  discussion  of  the  papers  presented  indicated  unusual 
interest  in  the  subject  of  cellulose  chemistry.  After  some  re- 
vision, the  report  of  the  Standard  Cellulose  Committee  outlining 
a  method  for  the  preparation  of  a  standard  cotton  cellulose  for 
research  purposes  was  adopted.  The  Committee  on  Analytical 
Methods  reported  progress  and  announced  that  its  final  report 
would  be  ready  for  the  next  meeting.  The  Viscosity  Measure- 
ment Committee  reported  that  further  study  of  the  falling  ball 
method  in  comparison  with  other  methods  was  being  made  and 
that  a  report  would  be  submitted  at  Pittsburgh.  The  report  of 
the  Treasurer,  showing  a  substantial  cash  balance  on  hand,  was 
adopted.  The  papers  covering  the  report  of  work  done  at  the 
Forest  Products  Laboratory  showed  that  nine  additional  species 
of  American  woods  had  been  analyzed.  The  results  of  this 
series  of  investigations  as  a  whole  show  that  the  woods  fall  into 
two  classes  on  a  basis  of  their  constituent  groups,  which  corre- 
spond to  the  botanical  divisions,  broadleafed  trees  and  conifers. 

A  study  of  the  products  obtained  by  the  hydrolysis  of  spruce 
cellulose  with  dilute  sulfuric  acid  established  the  very  important 
fact  that  this  cellulose  does  not  yield  glucose  exclusively  on 
hydrolysis,  but  a  mixture  of  glucose  and  mannose. 

The  investigation  of  sugar  formation  in  a  sulfite  digester 
shows  that  sugar  production  is  most  rapid  between  the  seventh 
and  ninth  hours  of  the  cook,  during  which  time  the  chips  are 
disintegrated.  The  sugar  formation  increases  with  increase  of 
the  free  sulfur  dioxide  content  of  the  cooking  liquor.  The 
maximum  formation  of  sugar  with  minimum  loss  of  pulp  occurs 
at  about  the  twelfth  hour.  Studies  on  the  formation  of  galac- 
tose obtained  by  the  acid  hydrolysis  of  western  larch  wood  have 
demonstrated  that  this  sugar,  which,  under  the  conditions 
hitherto  employed,  had  not  been  fermented,  can  be  converted 
into  alcohol  by  adding  an  autolyzed  yeast  nutrient  to  the  fer- 
mentation liquor  and  maintaining  a  low  acidity  during  fermen- 
tation. This  procedure  increases  the  yield  of  ethyl  alcohol  from 
western  larch  by  approximately  100  per  cent. 

Further  comparative  tests  on  the  procedures  of  Schorger  and 
of  Sieber  and  Walter  for  the  determination  of  cellulose  by  chlorin- 
ation  show  that  the  lower  yields  obtained  by  the  latter  are  due 
to  too  concentrated  a  stream  of  chlorine  and  that  comparable 
values  may  be  obtained  by  diluting  the  chlorine  with  an  equal 
volume  of  air  in  the  latter  procedure. 

Progress  has  been  made,  as  indicated  by  the  papers  on  the 
subject,  in  the  synthesis  of  acetal  derivatives  and  of  simple 
bodies  of  the  polysaccharide  type  which  promise  to  throw  much 
light  on  the  chemistry  of  cellulose. 

The  symposium  on  the  production  of  cheap  cattle  foods  by 
acid  or  alkaline  treatment  of  waste  cellulosic  materials  showed 
considerable  advance  in  this  field.  Sawdust,  hydrolyzed  with 
1.8  per  cent  sulfuric  acid,  yields  a  product  which  feeding  experi- 
ments show  is  a  good  substitute  for  barley  or  com  in  a  grain 
ration.  Straw  with  an  edible  content  of  8  to  10  per  cent  can  be 
made  to  yield  a  feed  with  an  edible  content  of  56  per  cent  by  the 
simple  treatment  of  heating  it  in  chopped  form  with  8  per  cent 
of  its  weight  of  a  1  per  cent  soda  ash  solution. 

S.  A.  Mahood,  Secretary  pro  tern 


SECTION  OF  CHEMICAL  EDUCATION 

The  Section  on  Chemical  Education  opened  .sharply  at  9:30 
on  Wednesday  morning  with  Dr.  Edgar  F.  Smith  as  Chair- 
man. After  a  few  remarks  by  Dr.  Bingham  on  the  important 
role  which  a  teacher  may  play  in  the  extension  of  the  metric 
system,  the  morning  was  given  over  to  "An  Ideal  First  Year 
Course  in  Chemistry."  A  paper  by  Wilhelm  Segerblom  on 
high  school  chemistry  and  a  discussion  of  college  chemistry 
by  William  McPherson  started  a  very  interesting  meeting. 
Many  participated  in  the  discussion,  with  the  result  that  the 
Section  purposed  to  do  something  if  possible  to  bring  about  a 
better  correlation  of  high  .school  and  college  chemistry. 

The  Wednesday  afternoon  meeting  was  oi)cncd  by  an  inter- 
esting talk  by  W.  K.  Lewis  on  "vStudying  Chemical  Engineering 
by  the  Unit-Operation  A-Iethod."  The  advantages  and  dis- 
advantages were  clearly  shown,  with  the  result  that  the  former 


far  outweighed  the  latter.  The  paper  by  Dr.  Daniel  and  the 
interesting  remarks  by  Drs.  Desha  and  Williamson.  Jr.,  raised 
some  very  healthy  discussion  in  regard  to  chemical  engineering 
education.  Two  outstanding  conclusions  were:  (I)  the  courses 
offered  by  ditTerent  universities  in  chemical  engineering  are  far 
from  uniform,  and  (2)  the  chemical  engineer  needs  a  broader 
education  before  he  begins  to  specialize. 

On  Thursday  morning  the  meeting  was  opened  by  Dr.  Bogert. 
He  described  some  of  the  new  organic  courses  which  are  now 
available  at  Columbia  University.  Dr.  Swan  spoke  next  on 
"A  Book  and  a  Battery."  His  remarks  were  extremely  inter- 
esting from  a  historical  standpoint.  Dr.  Cuno  showed  how  the 
teaching  of  organic  chemistry  might  be  simplified  and  forcefully 
taught  by  means  of  charts.  Dr.  Webb  gave  some  of  his  findings 
on  standard  tests  with  the  purpose  of  sounding  out  the  chemists 
as  to  their  desires  in  the  extension  of  standardization  work  in 
chemistry.  From  encouragement  received  at  the  meeting,  he 
will  continue  his  work  and  report  again  at  some  future  meeting 
of  the  Section.  Dr.  Montgomery  gave  his  experience  in  teach- 
ing unified  courses  in  chemistry.  Dr.  Mahin's  paper  on  "Science 
or  Athletics?"  brought  forth  a  flood  of  discussion,  and  as  a  result 
a  motion  was  passed  to  ask  for  the  paper's  release  from  the 
Society,  in  order  that  it  might  be  published  in  some  paper 
where  it  would  reach  the  hands  of  the  most  teachers. 

Neil  E.  Gordon,  Secretary 


SECTION  OF  HISTORY  OF  CHEMISTRY 

The  meeting  of  the  Section  on  the  History  of  Chemistry  was 
attended  by  over  one  hundred  chemists.  A  large  amount  of 
interest  was  manifested  in  the  program,  which  was  devoted 
principally  to  a  discussion  of  the  early  chemists  and  chemical 
industries  of  America,  more  particularly  of  those  in  the  South. 
President  Edgar  F.  Smith  opened  the  program  with  an  enter- 
taining address  upon  the  life  and  work  of  Dr.  Thomas  Cooper 
who  for  many  years  was  professor  of  chemistry  at  the  South 
Carolina  College  at  Columbia. 

Rev.  George  L.  Coyle  read  a  paper  upon  the  work  of  Father 
Athanasius  Kircher,  a  seventeenth  century  scientist  distinguished 
for  his  opposition  to  alchemy  and  the  many-sidedness  of  his 
attainments.  The  paper  of  Ralph  H.  McKee  upon  "Some 
Photographic  Reminiscences  of  the  Priestley  Centennial  of  1874" 
was  presented  with  photographs  by  the  Chairman.  A  letter 
from  S.  P.  Sharpies  was  read  describing  the  Centennial  Meeting 
which  resulted  afterwards  in  the  formation  of  the  American 
Chemical  Society.  John  N.  Swan  exhibited  one  of  the  early 
electric  batteries  used  by  Sir  Humphrey  Davy  and  spoke  of 
Davy's  work  upon  the  electrolysis  of  the  metals  of  the  alkalies 
and  alkaline  earths.  J.  A.  Gunton  showed  an  early  chemical 
slide  rule  and  gave  an  account  of  its  origin  and  use.  William 
McPherson  spoke  entertainingly  upon  reminiscences  of  cele- 
brated Italian  chemists.  C.  A.  Browne  read  a  paper  on  sources 
of  information  upon  early  chemistry  and  chemical  industries  in 
America.  He  mentioned  as  among  the  earliest  pieces  of  chemical 
work  performed  in  America  the  assay  of  silver  ores  by  Spanish 
explorers  in  Arizona  in  1598.  B.  B.  Ross  spoke  upon  the  early 
indigo,  sugar,  naval  stores,  and  other  chemical  industries  of  the 
South.  The  first  plant  for  artificial  refrigeration  in  the  United 
States  was  established  by  Dr.  John  Gorrie  of  Apalachicola, 
Florida  (patented  1850).  Dr.  Ross  spoke  also  of  the  early  work 
of  Prof.  John  Darby  at  the  East  Alabama  College,  now  the 
Alabama  Polytechnic  Institute,  and  exhibited  a  Berzelius  alcohol 
lamp  used  by  him.  A  paper  by  Elton  R.  Darling  described 
the  early  salt  industry  of  the  Ohio  River  and  Kanawha  Valley. 
In  the  absence  of  Dr.  Eugene  A.  Smith  his  paper  upon  early 
southern  chemists  was  presented  by  Prof.  S.  J.  Lloyd  of  the 
University  of  Alabama.  The  various  papers  and  addresses 
were  supplemented  by  exhibits  of  raie  books,  letters,  photographs, 
and  apparatus.  President  Smith  in  summing  up  the  work  of 
the  Section  made  a  strong  plea  for  historical  chemical  research 
in  America  in  the  different  sections  of  the  United  .States. 

C.  A.  Browne,  Chairman 


SECTION  OF  PETROLEUM  CHEMISTRY 

The  sessions  of  the  Section  were  well  attended  in  proportinn 
to  the  size  of  the  meeting  and  were  marked  by  interested  and 
pointed  discussion  of  the  papers  presented,  as  well  as  of  the 
question  of  policy  and  business,  which  came  up  for  attention. 
Theoretical  aspects  of  petroleum  science  were  considered  in 
papers  on  the  viscosity  of  fluids,  presented,  respectively,  by  W. 
H.  Herschel  and  W.  H.  Fulweiler,  and  in  one  paper  on  surface 
tension  of  oils  by  C.  K.  Francis.  The  practical  sides  of  oil 
technology  were  considered  in  R.  R.  Matthews'  paper  on  the 
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corrosion  of  refiuing  equipment,  in  the  discussion  of  volume 
changes  in  petroleum  products  by  A.  P.  Bjerregaard,  and  in  a 
paper  on  natural  gasoline  recovery  by  F.  M.  Seibert  and  F.  E. 
Hosmer.  Petroleum  education  was  discussed  by  Edwin  DeBarr 
and  F.  W.  Padgett. 

The  discussion  of  policy  of  the  Section  in  formulating  divi- 
sional by-laws  brought  out  a  resolution  that,  while  every  phase 
of  petroleum  chemistrj'  should  be  open  to  the  Section,  it  would 
be  advisable  to  avoid  the  writing  of  specifications  and  the  for- 
mulation of  standard  methods  of  testing.  In  the  Conference 
on  the  Promotion  of  Research  on  Petroleum,  in  which  the  Ameri- 
can Petroleum  Institute  was  represented  by  Dr.  Van  H.  Manning, 
an  endorsement  was  made  of  the  research  objects  of  the  Petro- 
leum Institute,  as  described  by  Dr.  Manning,  and  it  was  de- 
cided to  appoint  a  committee,  which  should  include  representa- 
tives of  the  National  Bureaus  of  Standards  and  Mines,  to  co- 
operate vigorously  with  Dr.  Manning  in  promoting  a  joint 
research  program  on  the  "Chemistr>'  and  Chemical  Technology 
of  Petroleum."  ■ 

W.  A.  Gruse,  Secretary 


A.  C.  S.  Committee  Reports 

REPORT  OF   COMMITTEE   ON  EMPLOYMENT  BUREAU 

Your  Committee  appointed  to  consider  the  taking  over  of 
the  Employment  Bureau  of  the  Chemists'  Club  by  the  Ameri- 
can Chemical  Society  or  to  establish  a  bureau  of  its  own  to 
replace  this  organization,  begs  leave  to  submit  the  following 
report. 

Your  Committee  appreciates  the  importance  of  the  whole 
subject  of  employment.  There  can  be  no  question  as  to  the 
desirability  of  the  establishment  of  some  adequate  provision 
whereby  the  chemist  and  the  individual  desiring  the  ser\'ices 
of  the  chemist  may  be  brought  together  to  their  mutual  advan- 
tage. The  vital  question,  therefore,  is  what  is  the  best  arrange- 
ment for  securing  the  desired  ends.  A  number  of  plans  have 
been  proposed. 

Plan  A — The  present  Employment  Bureau  of  the  Chemists'  Club 
may  be  taken  over  by  the  American  Chemical  Society  and  expanded 
so  that  it  will  serve  the  Society  as  a  whole.  Such  a  bureau,  if  established, 
would  have  to  be  either  (1)  a  free  employment  agency,  or  (2)  a  paid  employ- 
ment agency. 

The  vital  question  in  connection  with  the  free  employment  agency  plan 
is  the  financial  one.  What  will  the  plan  cost  the  Society?  Some  idea 
can  be  obtained  from  the  experiences  of  the  Bureau  of  the  Chemists'  Club. 
This  Bureau  was  incorporated  in  1913  and  has  registered  since  that  time 
7356  different  individuals  and  has  filled  1955  positions.  Its  expenditures 
in  its  early  years  were  about  S7000,  increasing  with  the  larger  patronage 
to  approximately  S10,.500  for  the  year  ending  May  1921.  It  is  probable 
that  if  the  Bureau  were  increased  to  serve  the  whole  Society  these  expendi- 
tures would  at  least  be  doubled.  The  Federated  American  Enfiineering 
Societies  have  a  budget  of  SI". 900  for  the  present  year  for  their  Employment 
Agency.  The  American  Association  of  Engineers,  with  a  highly  organized 
agency  and  a  number  of  branches,  spends  about  $30,000  for  a  similar  pur- 
pose. The  adoption  of  this  plan  would  therefore  necessitate  an  expendi- 
ture on  the  part  of  the  .Society  of  at  least  from  515,000  to  520,000  per 
annum. 

The  Society,  on  the  other  hand,  may  adopt  the  paid  agency  plan. 
If  this  is  done,  however,  it  will  be  practically  necessary  to  form  a  separate 
corporation.  Otherwise,  the  Society  will  become  subject  to  a  number  of 
taxes,  including  both  national  and  state  income  taxes. 

Plan  B — The  Society  may  establish  a  separate  corporation  and  run 
a  paid  agency.  Judging  from  the  experience  of  the  Chemists'  Club  and 
teachers'  agencies,  it  would  seem  a  probable  assumption  that  such  an 
agency  could  be  made  self-supporting  unless  in  times  of  great  depression  like 
the  present.  The  Bureau  of  the  Chemists'  Club  has  been  self-supporting 
until  the  present  business  depression. 

Plan  C — The  various  Local  Sections  may  finance  and  operate  employ- 
ment bureaus  for  their  own  members  as  is  done  in  a  few  cases  at  present. 

In  this  plan  the  .Society  would  have  no  financial  interest  whatever. 
Each  Local  Section  would  finance  its  own  agency  in  whatever  way  it  de- 
sired. One  advantage  of  this  plan  would  be  that  each  agency  would  serve 
a  more  or  less  restricted  community  and  hence  could  know  its  patrons 
better  and  be  in  a  better  position  to  recommend  the  right  man  for  the  right 
place.  On  the  other  hand,  it  has  a  disadvantage  in  that  there  are  a  number 
of  members  of  the  Society  who  belong  to  no  Local  Section  and  hence  would 
be  left  out  in  such  a  plan. 

Plan  D — The  various  Local  Sections  may  operate  their  own  bureaus 
as  proposed  in  Plan  C,  but  in  addition  there  may  be  operated  a  central 
office,  limited  in  its  scope  but  able  to  serve  the  members  of  the  Society 
who  do  not  belong  to  any  Local  Section,  and  in  a  general  way  to  cooperate 


with  the  bureaus  of  the  Local  Sections.  Such  a  central  office  could  be  lo- 
cated preferably  at  Washington,  under  the  supervision  of  the  Secretary 
of  the  Society  or  the  Editor  of  the  Journal  of  Industrial  and  Engineering 
Chemistry.  The  expense  of  such  a  plan  would  be  a  nominal  one,  certainly 
not    to   exceed   84000   or   S5000. 

Plan  E — The  Society  may  unite  with  the  Federated  American  Engi- 
neering  Societies   in   the   establishment   of   a   general   employment    bureau. 

Believing  it  to  be  outside  its  jurisdiction,  the  Committee  has  made 
no  effort  to  ascertain  whether  or  not  the  Society  would  be  welcomed  as 
a  member  of  the  Employment  Bureau  of  the  Federated  Societies. 

PL.'iN  F — The  Society  might  interest  appropriate  individuals  in  the 
plan  of  starting  a  paid  employment  bureau  for  chemists  to  be  operated  for 
profit  on  the  same  general  plan  as  a  teachers'  agency.  In  operation  of  this 
plan  the  Society  would  have  no  part  except  a  sympathetic  interest. 

This  plan  would  probably  be  acceptable  to  the  members  of  the  Society 
(and  the  number  seems  to  be  large)  who  believe  that  the  Society  ought  to 
have  nothing  whatever  to  do  with  the  employment  bureaus,  that  the  average 
individual  who  secures  employment  through  an  agency  is  apt  to  be  disap- 
pointed, and  that  on  the  whole  the  Society  would  make  more  enemies  than 
friends  by  maintaining  an  employment  bureau. 

The  question  submitted  to  the  Committee  is  one  that  is 
of  such  vital  interest  and  also  one  concerning  which  there  are 
such  strong  and  divergent  opinions  that  the  Committee  has 
thought  it  unwise  at  this  time  to  make  any  final  definite  recom- 
mendations but  submits  the  following  for  general  consideration: 

1 — That  the  Council  be  asked  to  consider  the  various  plans  proposed 
or  any  additional  plans  not  listed  above  with  a  view  to  finding  out  which 
one   of   these   plans,   if  any.   is  desirable. 

2 — That,  after  a  full  consideration  by  the  Council,  this  report,  together 
with  such  instructions  as  the  Council  may  care  to  give,  be  referred  back 
to  the  Committee  or  to  a  new  committee  for  further  consideration  and  report 
at  the  next  meeting  of  the  Society. 

Wm.  McPherson,  Chairman 


REPORT    OF    COMMITTEE   ON    OCCUPATIONAL    DISEASES     IN 
THE   CHEMICAL   TRADES 

This  year  the  Committee  has  been  unfortunate  in  the  loss 
of  its  Chairman,  and  in  consequence  thereof  has  found  itself, 
when  confronted  with  the  problem  of  preparing  the  report,  in 
a  chaotic  frame  of  mind. 

The  past  year  has  brought  us  face  to  face  again  with  certain 
occurrences  and  facts  in  the  field  of  occupational  diseases  and 
industries,  and  especially  with  reference  to  their  causation 
and  prevention. 

The  letter  files  of  the  Committee  have  grown  considerably, 
and  this  can  be  taken  as  an  indication  that  the  chemical  and 
allied  industries  consider  more  seriously  occupational  hazards 
and  diseases  as  truly  economic  items. 

The  enlightened  viewpoint  is  the  result  of  many  factors  work- 
ing in  the  same  direction,  sorhe  for  the  protection  of  the  employees 
and  others  for  the  protection  of  employers. 

In  this  spirit  of  better  progress  a  greater  tendency  prevails, 
on  the  part  of  the  industries,  to  employ  more  physicians  and 
hygienists,  and  many  concerns  who  heretofore  regarded  sani- 
tarians as  a  luxury  not  to  l)e  indulged  in  now  find  it  a  valuable 

arrangement 

***** 

The  time  has  come  when  we  are  realizing  that  something  more 
is  necessar>'  in  this  work  than  the  sole  qualification  of  lieing  a 
doctor  of  medicine.  We  are  now  in  the  age  of  prevention  and 
not  in  one  of  an  expectant  industrial  pathology.  Consequently 
we  must  expect  our  physicians  and  others  trained  in  industrial 
hygiene  to  be  basically  trained  for  this  kind  of  work.  We  are 
also  conscious  of  the  fact  that  each  industry  presents  its  individ- 
ual hygienic  problems  which  can  be  worked  out  only  when  the 
physician  is  actually  a  memlier  of  the  force  in  the  particular 

chemical  factor\'. 

»  »  +   *  * 

Our  hygienists  must  further  be  able  to  think  of  how  the  par- 
ticular chemical  will  affect  the  human  body,  of  the  means  at 
hand  for  rendering  first  aid,  and,  in  the  case  of  the  physician, 
of  after-treatment  for  casualty  cases. 

A  spirit  of  cooperation  must  always  obtain  between  the  super- 
intending chemist  and  engineer  and  the  industrial  hygienist 
and  physician  in  order  to  get  the  best  results.  Each  posse.sses 
special  knowledge  which,  when  properly  associated,  will  tend 
to  keep  industrial  hazards  down  to  a  minimum. 

To-dav,  various  universities  and  colleges  offer  courses  in 
public  health  and  industrial  hygiene.  *****  Some  of  the 
courses  are  intended  for  persons  who  do  not  aspire  to  the  degree 
of  doctor  of  medicine,  and  lead  to  the  bachelor's  degree  or  a 
higher  collegiate  degree,  or  to  the  doctorate  in  public  health 
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or  a  similar  qualification.  Other  courses  are  open  only  to  med- 
ical undergraduates  and  are  counted  toward  the  partial  fulfil- 
ment of  the  requirements  of  the  doctorate  in  medicine,  or  may 
be  taken  by  graduates  in  medicine,  with  other  work,  as  a  course 
leading  to  a  certificate  or  to  a  degree  in  public  health.  The 
chemical  manufacturer  can  select  a  person  skilled  in  preventive 
medicine  or  one  who  has  the  added  qualification  of  treating 
injuries  and  diseases  as  they  arise. 

Many  concerns  do  not  employ  a  full-time  hygienist  or  physi- 
cian, believing  it  an  economic  waste.  An  arrangement  of  this 
kind,  while  often  remunerative  for  the  physician,  is  very  un- 
satisfactory from  the  standpoint  of  industrial  hygiene.  ***** 
The  part-time  physician  has  no  time  for  constructive  thinking, 
particularly  when  he  is  chiefly  engaged  in  an  extensive  outside 
practice. 

Another  step  in  the  right  direction  would  be  to  include  a 
set  of  lectures  on  industrial  hygiene  in  every  course  in  chem- 
ical engineering.  This,  we  believe,  would  go  far  toward  removing 
some  of  the  more  flagrant,  and  sometimes  easily  removable, 
conditions  in  existence.  By  this  we  do  not  mean  that  the  chemist 
or  chemical  engineer  should  function  as  a  hygienist,  but  the 
knowledge  gained  would  certainly  increase  his  scope  of  view  and 
avoid  many  errors  and  misunderstandings  which  now  occur. 

***** 

Making  careful  functional  examinations  of  the  hearts  of  employees  is 
emphasized  by  C.  Phipps  [J.  Am.  Med.  Assoc,  78  (1922).  5621  on  the  basis 
of  his  findings  of  650  persons  for  the  Massachusetts  Industrial  Accident 
Board  in  the  Workmen's  Compensation  Act.  Out  of  this  number  231 
showed    abnormal    heart    conditions. 

***** 

Defective  vision  among  industrial  workers,  from  the  viewpoint  of  economic 
loss  to  the  respective  industries,  is  discussed  by  McCord  and  Lyle  [J.  Am. 
Med.  Assoc.,  78  (1922),  606]  on  the  basis  of  observations  made  in  a  plant 
engaged  in  the  manufacture  of  cotton  braids. 

We  often  meet  with  men  in  chemical  plants  who  foster  the  belief  that 
wearing  glasses  for  correcting  errors  of  vision  constitutes  an  admission  of 
incapacity  to  conduct  the  tasks  assigned.  "The  industrial  physician  in 
his  dual  function  of  serving  employee  and  employer  advances  the  mterests 
of  each  through  the  careful  supervision  of  the  eyesight  of  all  workers." 

Gassing  of  the  eyes,  frequently  observed  among  still  cleaners  in  oil  re- 
fineries, causes  a  blinding,  painful  inflammation  of  the  conjunctiva  and  is 
said  to  be  due  to  sulfur  compounds  in  the  oils.  The  practice  of  workmen 
in  applying  raw  potato  juice  or  any  other  poultice  to  the  eyes  in  such  cases 
is  deplored  by  the  Journal  of  the  American  Medical  Association  [76  (1921), 
10311.  G,  M.  S,,  in  the  same  Journal,  finds  the  instillation  of  a  1  per  cent 
solution  of  holocaine  and  the  greasing  of  the  lids  of  value.      ***** 

Carbon  monoxide,  according  to  Wilmer  [Am.  J.  Opthalmology,  4,  73], 
causes  ocular  paralysis,  heminaopsia  (blindness  of  one-half  of  the  visual 
field,  aflfecting  one  or  both  eyes),  and  inflammation  and  degeneration  of 
the  optic  nerve.  The  treatment  resolves  itself  into  remedies  suggested 
by   the   various  symptoms,   and  especial'.y  prophylaxis   and   hygiene, 

***** 

Detailed  directions  are  given  for  the  treatment  of  acid  and  alkali  burns 
by  Smith  [Modern  Medicine,  3  (1921),  232].  The  strong  caustics,  as  "sul- 
furic acid,  nitric  acid,  potash,  chloride  of  antimony,  chloride  of  zinc,  acid 
nitrate  of  mercury,  bromine,  chromic  acid,  lime  and  (hot  iron),"  are  dis- 
cussed. 

A  report  on  an  outbreak  of  zinc  chloride  poisoning  among  the  workers 
in  a  wood  preservmg  industry,  made  by  McCord  and  Kilker  [J.  Am.  Med. 
Assoc,  76  (1921),  422|,  again  emphasizes  the  need  of  a  little  foresight  in 
preventing  local  lesions  due  to  handling  chemicals,  etc.      ***** 

Three  other  types  of  lesions  were  observed:  a  tar  dermatitis  (2  cases), 
attributable  in  part  to  preparations  used  in  cleaning  up,  benzene,  light  and 
heavy  oils  from  coal-tar  distillation;  tar  acne,  present  in  varying  degrees 
in  all  the  employees  examined,  and  probably  due  to  a  collection  of  tarry 
matter  in  the  hair  follicles  and  occurring  especially  on  the  forearms;  tar 
cancer,  or  a  condition  suggesting  it,  which  was  found  in  two  cases.  The 
quick  disappearance  of  the  lesions  suggests  caution  in  the  pronouncement  of 
cases  as  tar  cancer.  Deelmann  [Nederlandsch  Tijdschrlft  Geneeskunde,  2, 
No.  20,  2395;  abst.  /.  Am.  Med.  Assoc.  78  (1922).  696]  believes  tar  coming 
from  horizontal  retorts  more  active  than  tar  from  vertical  retorts,  since 
malignant  degeneration  occurs  sooner.  Hloch  and  Dreifuss  [Schweiz.  juediz. 
Wochenschr.,  61,  No.  45,  1033]  conclude  the  c',a/,.'r-producing  substance 
to  be  in  a  fraction  which  boils  at  over  300"  C-. 

Under  the  caption  "So-called  Aniline  Tumors  of  the  Bladder,"  Alice 
Hamilton  [J.  Ind.  Hyg.,  3  (1922).  16]  calls  attention  to  hydrogen  arsenide 
as  a  possible  etiologic  factor,  since  hydrogen  arsenide  poisoning  is  admittedly 
present  in  all  conditions  with  which  the  bladder  tumors  of  aniline  workers 
have  been  associated.     ***** 

An  epidemic  lung  disease,  "Sclinceburg  lung  cancer,"  which  is  found  among 
many  workers  in  the  cobalt  niiiu's  of  Saxony,  is  again  up  for  discussion. 
I'hlig   [Arch.  Path.  Anal.  Virclirnv's,  230  nnSD,  76]  mentions  Iiow  common 


it  is  to  find  men  in  the  prime  of  life  so  affected  and  relegated  to  very  light 
work.     Arsenic  is  believed  to  be  responsible  for  the  condition.  ***** 

A  dermatosis,  called  "ink  poisoning"  by  printers,  which  affects  those 
parts  of  the  arms  and  hands  subject  to  constant  contact  with  colored  inks, 
is  known  to  have  prevailed  for  many  years  among  printers  in  the  large 
printing  and  engraving  plants.  The  workers  believed  green  ink  to  be  more 
irritant  than  the  other  colors.  McConnel  of  the  U.  S.  Public  Health  Ser- 
vice [Pub.  Health  Reports,  SB^  979]  stresses  the  fact  that  all  inks,  irrespective 
of  color,  when  removed  by  the  brutal  methods  m  vogue  in  the  establish- 
ment at  the  time,  are  liable  to  cause  an  irritation  which  may  lead  to  a 
dermatosis.      ***** 

An  acute  dermatitis  of  the  face,  hands,  and  forearms  was  noted  among 
the  women  workers  on  phenol  resins  by  Sachs  [Weiner  klin.  Wochschr.,  34 
(1921),  356],  and  many  of  the  patients  also  presented  symptoms  of  conjunc- 
tivitis and  some  bronchitis.  Vapors  of  ammonia,  phenol,  and  formaldehyde 
were  noted  in  the  room.     The  treatment  given  is  described. 

The  part  played  by  the  skin  in  lead  poisoning  was  investigated  by  Suss- 
raann  [Arch.  Hyg.,  90,  175J,  who  found  the  main  channels  for  absorption 
of  lead  to  be  the  lungs  and  alimentary  canal  rather  than  the  skin.  Shie 
[J.  Am  Med.  Assoc,  76  (1921),  835]  makes  the  statement,  "By  far  the  great- 
est amount  of  lead  poisoning  occurs  among  the  industrial  workers,"  and 
gives  the  result  of  his  investigations  on  more  than  900  workers  exposed  to 
the  lead  hazard.  *  *  *  A  refinement  of  the  system  of  prophylaxis  is 
necessary  before  the  morbidity  rate  can  be  lowered. 

Alice  Hamilton  [J.  Am.  Med.  Assoc.  78  (1922),  627]  calls  attention  to  the 
growing  menace  of  benzene  poisoning  in  American  industries.  Since 
benzene  is  a  more  powerful  solvent  than  petroleum  benzine  or  naphtha, 
for  fats,  gums,  and  resins,  and  is  now  below  the  latter  in  price,  there  is 
double  temptation  to  use  it.  Perhaps  the  petroleum  distillates  will  be 
supplanted  by  the  coal -tar  in  the  making  of  varnish,  quick-drying  paints, 
and  shellacs,  and  in  dry  cleaning,  if  not  in  the  making  of  spread  rubber 
goods,  as  is  done  in  Europe.  Unless  precautions  are  taken,  severe  and 
fatal  cases  of  poisoning  are  bound  to  occur  during  the  distillation  of  ben- 
zene and  the  cleaning  of  apparatus  employed  in  the  process.  ***** 
Preventive  measures  are  suggested,  but  in  many  cases  it  is  a  very  difficult 
matter  to  instal  certain  necessary  systems  of  prevention. 

According  to  Minto  and  Smith  [Arch.  Internal  Med.,  28,  687],  tetrachloro- 
methane  poisoning  may  be  predicted  from  an  examination  of  the  blood. 
***** 

Only  a  passing  reference  can  be  made  to  the  very  important  work  on 
carbon  monoxide  poisoning  reported  during  the  past  year.  The  literature 
has  assumed  large  proportions,  as  can  be  judged  from  the  article  by  Hend 
erson  [J.  Ind.  Eng.  Chem.,  14  (1922),  229];  Bulletin  291  recently  issued 
by  the  U.  S.  Bureau  of  Labor,  with  A.  Hamilton  as  the  author,  and  the 
survey  of  carbon  monoxide  poisoning  in  American  steel  works,  metal  mines 
and  coal  mines  by  H.  S.  Forbes  [/.  Ind.  Hyg..  3  (1922),  2]. 


Progress  has  been  made  in  the  adoption  of  the  term  "methanol" 
for  methvl  or  wood  alcohol.  Ziegler  [/.  Am.  Med.  Assoc,  77 
(1921),  1160;  Penn.  Med.  J.,  25,  177],  among  others,  advo- 
cates the  use  of  the  term,  and  furthermore  states  that  three 
factors  should  induce  manufacturers  to  abolish  the  use  of  wood 
alcohol  and  substitute  denatiu"ed  alcohol:  humanitarianism,  self- 
interest,  and  practical  economy. 

Satisfactory  casualty  and  morbidity  statistics  of  the  chem- 
ical and  allied  industries  are  not  now  available.  It  is  obvious 
that  a  true  picture  of  our  economic  losses  from  this  source  will 
never  be  obtained  until  a  better  spirit  of  cooperation  exists  be- 
tween the  manufacturer,  the  Committee,  and  public  and  private 
officials  charged  with  this  work. 

It  is  a  pleasure  to  know  that  the  National  Safety  Council 
is  taking  a  census  of  safety  men  in  the  chemical  industry,  as 
well  as  in  other  industries  and  in  public  safety  work. 

Owing  to  the  usual  lack  of  finances,  the  Committee  was  un- 
able to  cooperate  properly  with  similar  committees  of  other 
])rivate  technical  and  scientific  organizations  and  in  a  previous 
report  attention  was  directed  to  the  imperative  need  to-day 
of  an  "Institute  on  Occupational  Diseases  and  Hazards"  to 
serve  as  a  clearinghouse  for  information  and  direction  in  this 
field  of  endeavor.  Such  an  institution  would  be  of  inestimable 
value  for  all  cotmected  with  the  chemical  and  associated  indus- 
tries. Much  information  could  be  collected  from  private, 
governmental,  and  educational  sources,  and  through  the  in- 
stitute made  readily  available  to  all. 

It  is  recommended  that  the  incoming  committee  direct  some 
of  its  efforts  to  settling  upon  a  tangible  basis  for  obtaining  funds 
for  creating  the  institute. 

The  Committee  also  feels  that  much  time  could  be  saved  by 
collecting  all  excerpts  of  articles  on  vocational  hygiene,  etc., 
in  a  special  colunm  of  Chemical  Abstracts,  and  by  inserting  cross 
references  in  otiier  appropriate  columns.  We  feel  sure  that 
with  such  an  arrangement  information  on  the  subject  would 
receive  better  attention. 

Lewis  William  Fktzer, 


Chainnau  pro  tern 
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REPORT  OF   COMMITTEE  ON  INDUSTRIAL  ALCOHOL 

Your  Committee  on  Industrial  Alcohol  was  appointed  by 
President  Smith  soon  after  the  Rochester  Meeting  last  April 
as  the  result  of  a  resolution  adopted  at  that  meeting. 

On  April  25,  1921,  Mr.  Volstead  introduced  a  bill,  H.  R.  5033, 
in  the  House  of  Representatives  which  if  passed  would  have 
seriously  crippled  the  industries  of  the  country  depending  upon 
legitimate  uses  of  alcohol. 

A  telegraphic  summons  brought  the  Committee  together  in 
New  York,  where  general  resolutions  in  the  name  of  the  Amer- 
ican Chemical  Society  were  drawn  up  to  be  submitted  to  the 
Committee  on  Public  Policy  for  their  approval,  which  was 
granted  unanimously.  The  Committee  sought  and  finally  ob- 
tained a  hearing  before  the  Committee  on  the  Judiciary  of  the 
House  of  Representatives,  to  whom  bill  H.  R.  5033  had  been 
referred.  [The  resolutions  of  the  Society  which  were  presented 
to  the  Committee  on  the  Judiciary  at  a  special  hearing  were 
printed  in  This  Journal,  13    (1921),  570.] 

Strong  representations  were  made  by  us  to  the  Committee  on 
the  Judiciary  that  nothing  should  be  done  to  hamper  or  restrict 
the  nonbeverage  use  of  alcohol  in  the  industries.  Our  Committee 
received  able  assistance  at  this  hearing  from  Secretary  Parsons 
and  other  members  of  the  Society  and  took  advantage  of  the 
services  of  representatives  of  industries  having  allied  interests. 
Because  of  the  strong  and  valid  objections  raised  against 
bill  H.  R.  5033  it  was  withdrawn  by  the  Committee  on  the 
Judiciary,  it  having  become  apparent  that  it  would  not  be  easy 
to  pass  it.  On  June  1  they  substituted  in  its  place  a  new  bill, 
H.  R.  6752,  which  though  less  objectionable  than  the  first 
would  nevertheless  have  put  unnecessary  burdens  and  restric- 
tions on  industries  depending  on  alcohol.  An  attempt  was  made 
to  pass  this  bill  without  hearings  or  chance  of  offering  valid  ob- 
jections. The  request  for  summary  action  on  this  bill  caused 
it  to  be  referred  to  the  House  Committee  on  Rules.  This  com- 
mittee granted  us  a  hearing,  and  after  considering  our  objections 
and  those  of  other  opponents  of  the  bill,  agreed  with  our  conten- 
tion that  the  bill  if  passed  would  have  been  unconstitutional 
and  they  refused  to  grant  the  special  rule  in  its  favor.  A  new 
bill,  H.  R.  7294,  was  then  introduced,  practically  free  from  fea- 
tures objectionable  to  the  industries,  but  the  author  of  the 
former  bills  succeeded  on  the  floor  of  the  House  in  amending  it 
in  a  manner  that  made  it  objectionable. 

During  all  this  time  strong  influences  that  were  unmindful 
and  inconsiderate  of  the  rights  and  needs  of  industries  were 
seeking  through  quick  moves  and  irregular  procedure  to  ad- 
vance their  special  interests  and  where  possible  they  sought  to 
avoid  public  hearings  that  would  give  an  opportunity  for  voicing 
valid  objections.  This  made  it  necessary  for  our  Committee 
to  be  ever  on  the  alert.  We  were  frequently  put  in  the  position 
where  it  was  necessary  to  decide  quickly  and  act  without  delay. 
Our  position  might  have  been  likened  to  the  man  who,  seeing  the 
start  of  a  fire,  grabbed  a  pail  of  water  and  put  it  out,  instead  of 
letting  the  building  bum  down  while  seeking  to  learn  if  he  was 
authorized  to  take  the  steps  he  did. 

Bill  H.  R.  7294  which  was  originally  introduced  to  prevent  the 
prescription  of  beer  for  medicinal  purposes  was  at  first  amended 
in  a  manner  that  was  somewhat  inimical  to  the  industrial  users 
of  alcohol.  It  was  later  amended  in  the  Senate  so  that  when  it 
finally  became  a  law  in  November  1921  it  was  not  hostile  to 
industrial  alcohol. 

We  have  not  considered  the  merits  of  prohibition  as  a  com- 
mittee, either  for  or  against.  The  eighteenth  amendment  is 
very  specific  in  its  purpose  and  in  the  authority  which  it  grants, 
and  the  National  Prohibition  Act  expressly  states  that  it  is 
"an  Act  to  prohibit  intoxicating  beverages,  and  to  regulate  the 
manufacture,  production,  use,  and  sale  of  high-proof  spirits  for 
other  than  beverage  purposes,  and  to  insure  an  ample  supply 
of  alcohol  and  promote  its  use  in  scientific  research  and  in  the 
development  of  fuel,  dye,  and  other  lawful  industries." 

This  being  the  intent  of  the  Constitution  and  of  existing  law, 
the  Committee  on  Industrial  Alcohol  has  felt  that  its  duties  were 
clearly  defined.  If  we  were  to  be  of  any  use  as  a  committee  we 
could  not  sit  idly  by  and  see  unnecessary  and  burdensome 
restrictions  put  upon  the  industries.  This  is  a  matter  that  we 
refused  to  compromise  on.  We  were  either  right  or  wrong  and 
we  have  used  every  effort  to  be  on  the  side  of  right,  and  not  to 
take  sides  in  any  doubtful  matter. 

Some  of  the  legislation  which  was  strongly  urged  would 
have  put  industries  at  the  mercy  of  one  man  who  would  have 
been  clothed  at  the  same  time  with  powers  legislative,  execu- 
tive, and  judicial.  The  manufacturer  was  put  in  the  position 
that  his  business  depending  on  the  legitimate  use  of  alcohol 
might  be  absolutely  destroyed.     A  mere  refusal  to  act,  or  neglect 


on  the  part  of  the  Commissioner,  would  have  sufficed  to  ac- 
complish this  result. 

Industry  is  not  responsible  for  the  diversion  of  alcohol  to 
illegitimate  purposes  and  it  has  been  repeatedly  brought  out 
that  most  violations  have  been  due  to  the  promiscuous  granting 
of  permits,  and  in  many  cases  to  corruption  in  the  ranks  of 
prohibition  enforcement  officers  and  to  a  neglect  to  carry  out 
existing  law. 

We  are  credibly  informed  that  a  very  general  sentiment  has 
been  established  in  the  minds  of  congressmen,  largely  due  to 
our  efforts,  that  nothing  shall  be  done  to  injure  industry  in 
advancing  prohibition  enforcement. 

Failing  at  gaining  absolute  power  over  industries  through 
legislation,  certain  over-zealous  persons  are  suggesting  and 
seeking  at  this  very  time  to  accomplish  their  aim  through  arbi- 
trary regulations. 

Our  attitude  has  at  all  times  been  helpful  to  those  who  respect 
the  law,  and  we  realize  that  every  violation  of  the  National 
Prohibition  Act  makes  it  harder  for  those  who  are  respecting 
the  law. 

Only  recently  we  received  a  request  from  one  of  the  leading 
officers  of  the  Treasury  Department  interested  in  the  control 
of  alcohol  and  liquors  to  cooperate  with  them  and  to  give  sug- 
gestions that  would  lead  to  a  better  enforcement  of  the  law, 
including  that  portion  which  provides  for  the  use  of  alcohol 
in  the  industries.  Our  Committee  has  expressed  a  willingness 
so  to  cooperate. 

In  conclusion  we  wish  to  state  that  we  believe  there  is  good 
ground  for  the  continuance  of  a  Committee  on  Industrial  Al- 
cohol, we  recommend  that  such  a  committee  should  be  appointed 
for  the  coming  year,  and  we  believe  that  its  members  will  have 
ample  opportunity  to  be  of  service  to  the  Society  and  to  the 
country. 

Martin  H.  Ittner,   Chairman 

COMMITTEE  ON  PRIESTLEY  MEMORIAL  FUND 

The  Committee  now  offers  its  final  report.  It  wishes  to  extend 
sincere  thanks  to  the  very  generous  contributors  who  made  pos- 
sible the  fund  with  which  to  procure  a  suitable  portrait  of  Joseph 
Priestley  and  to  guarantee  the  cost  of  the  die  to  be  used  in  cast- 
ing the  Priestley  Medal. 

The  portrait,  as  is  probably  known  to  everyone,  is  placed  in 
the  National  Museum  at  Washington. 

The  die  for  the  Medal  is  in  the  hands  of  Dr.  John  E.  Teeple, 
Treasurer  of  the  Society,  to  whom  all  residual  monies  have  been 
paid. 

****** 

To  the  Committee  it  seems  important  that  a  record  should  be 
had  of  all  who  participated  in  making  these  undertakings  possi- 
ble. The  names  of  the  donors  are,  therefore,  submitted,  the 
amounts  of  their  several  contributions  being  withheld. 


Charles  F.  Chandler 

Charles  BaskervUIe 

George  F.  Kunz 

George  J.  Pickel 

Charles  H.  LaWaU 

H.  H.  BarUett 

Dean  Marion  Talbot 

Alexander  Smith 

J.  V.  V.  Boraem 

Andrew  Neff 

Guy  S.  Milberry 

Nathaniel  D.  Bacon 

F.  W.  Sanders 

Edward  D.  Campbell 

Miss  J.  B.  Priestley 

Francis  C.  Phillips 

Fellows  of  the  Mellon  Institute 

Alvin  J.  Cox 

D.  Walters  Butler 
Mrs.  Mary  D.  Orme 
R.  W.  NeS 

Milwaukee  Section,  A.  C.  S. 
Richard  D.  BeU 
Stanley  D.  Wilson 
Mrs.  J.  Priestley  Orme 
Minnesota  Section,  A.  C.  S. 

E.  W.  Morley 

Miss  Annie  S.  Priestley 
Edward  C.  Franklin 
George  D.  Rosengarten 
A.  V.  H.  Mory 


S.  S.  White  Dental  Mfg.  Co. 

James  Gillinder 

Caspar  Drueding 

A.  H.  Thomas  Co. 

Don  Young 

Clarence  Hall 

Woburn  Degreasing  Co. 

Ohio  Salt  Co. 

H.  B.  Felton 

Charles  S.  Boyer 

Ben  Glascock 

Fred  W.  Eckfeldt 

A.  E.  Gibbs 

Charles  F.  Guhlman 

Clarence  N.  Rodman 

J.  Bird  Moyer 

Eimer  &  Amend 

Allen  Baldwin 

Joseph  L.  Hecht 

W.  Asef 

Arctic  Ice  Mfg.  Co. 

Foote  Mineral  Co. 

American  Welding  Co. 

Gellert  Alleman 

Christian  Becker 

Central  Scientific  Co. 

F.  A.  WiUson  &  Co. 

Roger  Adams 

Josiah  H.  Penniman 

E.  G.  Acheson 

Charles  H.  Spayd 
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Arlhur  D.  Little 

Edward  Mallinckrodt,  Jr. 

Ira  Remsen 

William  Brady 

Alan  W.  C.  Menzies 

George  Shannon  Forbes 

Dr.  Edwartow 

G.  G.  Pond 

S.  Lawrence  Bigelow 

J.  E.  Biggins 

Harold  Hibbert 

Arthur- B.  Lamb 

Henry  Bower 

Joseph  G.  Rosengarten 

Kali  Mfg.  Co. 

Pels  &  Co. 

Joseph  Bancroft  &  Sous 

GenCial  Chemical  Co. 

Ajax  Metal  Co. 

Electric  Storage  Battery  Co. 

Baldwin  Locomotive  Works 

Whitall  Tatum  Co. 

Du  Pont  Co. 

J.  Bishop  Platinum  Works 

Fanny  R.  M.  Hitchcock 

A.  G.  Rosengarten 

W.  K.  Mulford  Co. 

MitchiU  &  Pierson 

Edward  Hart 

George  H.  Beaumont 


Benjamin  Anderson 

Wilder  D.  Bancroft 

Lewis  Emery,  Jr. 

Brown  Co. 

Edward  Weston 

C.  R.  Peregrine 

Duiiron  Castings  Co. 

L.  H.  Baekeland 

National  Aniline  &  Chemical  Co. 

Oakland  Chemical  Co. 

Charles  H.  McDowell 

American  Optical  Co. 

W.  E.  Barlow 

Lindsay  Light  Co. 

Baker  &  Co.,  Inc. 

Charles  Engelhard 

Metal  Disintegrating  Co. 

Dearborn  Chemical  Co. 

Edgar  F.  Smith 

Walter  T.  Taggart 

Acheson  Graphite  Co. 

P.  H.  Bates 

Penobscot  Chemical  Fibre  Co. 

Sowers  Mfg.  Co. 

Herold  China  &  Pottery  Co. 

Ralph  E.  Meyers 

Otto  Behrend 

Gregory  P.  Baxter 

C.  A.  Browne 

Fred  Rosengarten 


Thermal  Syndicate,  Ltd. 

The  Committee  would  recommend  to  the  Council  the  follow- 
ing rules  to  be  observed  in  the  award  of  the  Priestley  Medal: 

1 — The  Medal  shall  be  known  as  the  Priestley  Medal,  and  shall  be 
awarded  every  three  years  for  distinguished  services  to  chemistry. 

2 — The  Committee  of  Award  shall  consist  of  the  President  of  the 
American  Chemical  Society,  his  immediate  predecessor  in  office,  the 
Secretary  and  Treasurer  of  the  Society,  and  the  Editors-in-Chief  of  the 
Journals  of  the  Society. 

3 — The  Medal  may  be  awarded  not  only  to  members  of  the  Society, 
but  to  nonmembers,  and  to  representatives  of  any  nation,  without  regard  to 
sex. 

4 — The  Medal  shall  not  be  awarded  more  than  once  to  the  same  iudi-. 
vidual. 

5 — The  recipient  of  the  Priestley  Medal  may  be  invited  to  deliver  an 
address  at  one  of  the  general  meetings  of  the  American  Chemicai,  Society, 
as  may  be  determined  by  the  Committee  of  Award. 

The  Committee  further  recommends  that  the  first  award  shall 
be  made  at  the  General  Meeting  of  the  American  Chemical 
Society  in  September  1922. 

Edgar  F.  Smith,  Chairman 


BEPORT  OF  COMMITTEE  ON  SUPERVISION  OF  CHEMICAL 
ENGINEERING  CATALOG 

The  sixth  edition  of  the  Chemical  Engineering  Catalog  was  ready 
for  distribution  during  the  week  of  the  Chemical  Exposition 
in  New  York  in  September  1921.  The  book  went  forward 
systematically  thereafter,  the  entire  distribution  being  effected 
by  January  1,  1922. 

The  introduction  of  a  fee  of  $2.00  a  year  for  the  use  of  the  Cat- 
alog, which  was  introduced  in  1920,  proved  to  be  a  very  effec- 
tive means  of  distributing  the  catalog,  as  it  eliminated  waste  of 
copies  and  improved  the  character  of  the  mailing  list;  it  did 
not  in  any  way  diminish  the  demand  for  the  Catalog. 

Eleven  thousand  five  hundred  copies  of  the  Catalog  were  sent 
out  and  a  list  has  been  printed,  giving  the  name,  address,  and 
business  connections  of  each  recipient.  This  list  is  fiu'nished 
to  all  the  firms  represented  in  the  Catalog  and  its  use  is  confined 
strictly  to  them. 

In  the  1921  edition  there  were  667  firms  using  space,  and 
statistics  show  that  there  is  an  increasing  tendency  on  the  part 
of  the  space-users  to  contract  for  more  space,  in  order  to  cata- 
log their  products  properly.  The  total  number  of  catalog  pages 
in  the  1921  edition  is  971. 

In  order  to  lessen  the  weight  of  the  book,  which  is  becoming 
unwieldy,  the  publishers  have  produced  it  with  a  flexible  leather 
cover  and  a  much  higher  grade  of  thin  paper,  which  makes  a 
much  improved  edition. 

We  believe  that  there  is  a  growth  in  the  scientific  value  of  the 
information  given.  The  officers  of  the  Catalog  constantly  refer 
copy  of  the  proposed  data  and  general  information  to  the  Com- 
mittee for  suggestions  and  criticism,  and  in  many  cases  the  pub- 


lishers have  refused  profit  by  rejecting  mere  advertising  and 
choosing,  rather,  more  scientific  copy. 

The  duty  of  the  chemical  engineer  is  to  observe  this  partic- 
ular feature  and  to  do  his  share  toward  obtaining  the  desired 
results  by  encouraging  space-users  to.  present  more  detailed 
facts  concerning  their  products. 


***** 


Your  representative  attended  several  informal  meetings  of  the 
Committee  and  has  had  a  large  number  of  informal  conferences 
with  the  officers  and  editor  of  the  Catalog  and  has  endeavored  in 
every  possible  manner  to  be  of  assistance  to  these  gentlemen  in 
their  activities.  The  informal  meetings  are  usually  called  to 
discuss  principally  matters  of  policy,  as  we  are  often  called 
upon  to  assist  the  officers  in  obtaining  from  the  manufacturers 
the  proper  data  and  information. 

The  prospects  for  the  1922  edition  of  the  Catalog  are  much 
better  than  they  were  for  1921,  when  the  business  depression 
was  felt.  A  number  of  firms  that  withdrew  their  space  in 
1921  have  again  applied  for  space  in  the  1922  edition,  and,  as 
stated  previously,  the  data  submitted  are  constantly  being 
improved.  g.  r.  Weidlein,  Chairman 


REPORT  OF  COMMITTEE  ON  GUARANTEED  REAGENTS  AND 
STANDARD  APPARATUS 

The  Committee  has  continued  the  work  on  elimination  of  sizes 
and  shapes  of  apparatus  that  was  described  last  year.  A  second 
detailed  report  has  been  prepared  for  publication.  In  this  report 
520  items  are  retained  out  of  a  total  of  1246  considered  by  the 
Committee. 

Elimination  has  been  attempted  without  going  into  the  ques- 
tion of  exact  dimensions.  It  is  hoped  that  further  recommenda- 
tions may  be  made  as  to  dimensions  of  the  items  retained. 

W.  D.  Collins,  Chairman 


REPORT  OF  COMMITTEE  ON  STANDARD  METHODS  FOR  THE 
EXAMINATION  OF  WATER  AND  SEWAGE 

In  cooperation  with  the  Committee  of  the  American  PubUc 
Health  Association,  our  Committee  has  completed  a  revision  of 
the  Standard  Methods  of  Water  Analysis,  the  final  manuscript 
of  which  was  forwarded  last  week  to  the  proper  authorities  of 
the  American  Public  Health  Association  for  publication.  When 
printed,  it  is  our  intention  to  submit  a  copy  to  the  Secretary's 
office  as  a  permanent  record  of  oiu"  work. 

The  portions  of  the  work  assigned  to  members  of  the  American 
Chemical  Society  Committee  were  as  follows:  definition  of 
alkalinity  and  temporary  hardness;  methods  for  hydrogen-ion 
determination;  methods  for  sewage  testing;  mineral  analysis; 
standard  specifications  for  Nessler  tubes;  turbidity. 

It  is  my  understanding  that  the  title  page  of  this  revision  will 
bear  the  usual  inscription  including  the  names  of  the  cooperat- 
ing societies. 

The  duties  of  the  Committee  for  the  next  few  months  will  be 
simply  to  read  proof.  It  is  therefore  desirable  that  the  present 
personnel  be  continued  until  the  present  edition  is  published. 

A.  M.  BuswELL,  Chairman 


REPORT  OF  METRIC  SYSTEM  COMMITTEE 

I  have  the  honor  to  submit  the  following  report  for  the  Com- 
mittee on  Metric  System  to  cooperate  with  the  American  Metric 
Association,  the  World  Trade  Club,  and  the  London  and  Man- 
chester Metric  Associations.  We  have  during  the  year  pub- 
lished three  papers  on  the  use  of  the  metric  system  in  the  Journal 
of  Industrial  and  Engineering  Chemistry  and  also  one  article  in 
Science.  As  recommeiKicd  by  the  Council,  we  have  also  written 
to  the  colleges  and  universities  as  well  as  many  technical  firms 
using  chemicals,  urging  them  to  purchase  their  chemicals  in 
metric  imits;  some  325  colleges  have  responded  definitely  in  the 
affirmative,  one  only  being  opposed.  Some  250  technical  firms 
have  also  signified  their  intention  of  purchasing  chemicals  and 
supplies  as  far  as  practical  in  metric  units.  This  work  has  en- 
tailed a  jjreat  deal  of  correspondence  and  we  have  written  be- 
tween 5()()0  .ind  lO.OOO  letters  during  the  year.  In  this  work 
we  have  had  financial  assistance  from  our  Society  and  from  the 
American  Metric  Association. 

Tlic  work  which  we  had  planned  for  the  year  entailed  a  much 
larger  expenditure  than  the  money  at  hand  and  rather  than  hold 
the  work  back  the  Committee  has  met  the  expense.     We  have 
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worked  out  a  program  for  making  this  work  self-supporting.  We 
have  attempted  to  enrol  those  who  were  cooperating  with  us 
as  members  of  the  American  Metric  Association,  and  in  return 
the  A.  M.  A.  has  agreed  to  give  us  90  per  cent  of  the  dues  re- 
ceived. If  our  policy  is  followed  there  should  in  time  be  a  con- 
siderable revenue  from  this  resource. 

We  have  distributed  some  20,000  stickers  [to  be  affixed  to 
letters  sent  to  manufacturers  and  dealers  ]  and  have  had  requests 
for  more  from  several  sources.  Their  use  should  bring  about 
a  considerable  pressure  upon  those  firms,  such  as  the  Grasselli 
Chemical  Company,  which  refuse  to  supply  goods  in  metric  units. 

We  have  presented  the  metric  cause  before  several  bodies, 
such  as  the  American  Physical  Society  and  the  American  Natu- 
ralists, and  we  have  plans  for  a  large  amount  of  work  of  this  sort 
before  scientific  educational  bodies.  The  meeting  on  world 
standardization  in  New  York  was  well  attended  and  produced 
good  results.  We  desire  to  have  another  meeting  in  Pittsburgh 
of  considerably  larger  scope.  We  would  like  to  have  the  Coun- 
cil give  us  permission  to  invite  representatives  of  all  the  principal 
scientific,  medical,  engineering,  and  educational  societies  to  meet 
with  us  at  Pittsburgh  to  consider  what  steps  can  be  taken  ad- 
vantageously to  further  the  gradual  adoption  of  the  metric 
system  in  America  and  to  investigate  what  the  cost  of  the  transi- 
tion to  the  metric  system  may  be  and  how  the  transition  may  be 
effected  with  the  least  inconvenience  to  the  community.  The 
question  of  cost  is  the  one  which  is  always  mentioned  by  the  op- 
ponents of  the  metric  system.  It  appears  probable  from  our 
experience  in  regard  to  chemicals  that  the  argument  is  largely 
without  foundation.  If  we  could  speak  on  this  matter  authori- 
tatively after  investigation,  it  would  do  much  to  promote  the 
object  which  we  have  in  view.  Doctors  and  pharmacists  are 
using  metric  units  to  a  slight  extent.  This  can  be  greatly  in- 
creased. Some  of  our  correspondents  have  begun  giving  talks 
to  different  bodies  on  the  subject.  We  should  have  committees 
in  every  state  to  appear  before  our  educational,  scientific,  and 
civic  associations  to  present  the  metric  cause.  It  seems  to  me 
that  here  is  an  important  opportunity  for  leadership  for  our 
great  organization. 

Eugene  C.  Bingham,  Chairman 


Meeting  of  Local  Section  Officials 

A  meeting  of  Local  Section  officials  took  place  at  4  p.m.  at  the 
Tutwiler,  with  W.  h.  Lewis  presiding.  Mr.  E.  M.  Billings  of 
the  Rochester  Section  acted  as  Secretary.  The  following  sub- 
jects were  discussed ; 

(1)  Standardization  of  Section  By-laws.  A  committee 
consisting  of  the  chairman  and  secretary  was  appointed  to  study 
the  present  Section  By-laws  and  recommend  a  uniform  code 
embodying  the  best  features  in  the  experience  of  the  several 
sections. 

(2)  Relations  to  the  National  Society.  The  desira- 
bility of  discussing  National  Association  issues  in  the  Local 
Sections,  instructing  and  informing  council-men,  educating  the 
members  as  to  the  national  organization,  candidates  for  national 
offices,  etc.,  were  freely  discussed. 

(3)  Section  Progr.^ms.  Under  this  caption  such  matters 
as  securing  national  speakers,  routing  prominent  chemists, 
keeping  in  each  section  a  lot  of  available  local  speakers,  etc., 
were  discussed. 

Other  matters  considered  were  permanent  employment  bureau 
management  work  in  the  Sections,  financing  the  Sections,  in- 
teresting the  young  members,  what  to  do  with  the  ladies,  and 
the  desirability  of  educating  chemists  and  employers  to  clear 
for  positions  through  the  college  professors. 

About  30  representatives  of  the  several  Local  Sections  were- 
present  at  the  two-hour  session  of  the  Section.  The  interest 
manifested  demonstrated  the  need  of  and  possible  service  through 
open  discussions  of  this  character. 

The  Chairman  reported  at  some  length  on  the  Chicago  plan 
of  group  meetings  held  simultaneously  following  the  general 
talk  of  the  monthly  program,  recommending  it  for  consideration 
by  the  other  larger  sections  which  had  not  already  developed 
something  of  the  kind.  It  was  generally  agreed  after  this, 
informal  discussion,  which  demonstrated  the  proper  subjects 
for  consideration,  that  at  the  next  meeting  more  definite  progress, 
would  be  made  by  calling  in  advance  for  the  preparation  of 
papers  along  some  of  these  specific  lines  above  suggested. 

W.  L.  Lewis,  Chairman 


NOTES  AND  CORRESPONDENCE 


Utrecht  Meeting 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  following  formal  invitation  has  been  issued  to  a  chemical 
meeting  at  Utrecht  in  June: 

Utkecht,  March  1922 

Dear  Colleague: 

In  June  of  last  year  Professors  Biilmann,  Bruni,  Ernst  Cohen, 
Donnan,  Victor  Henri,  Kruyt,  van  Romburgh,  Schenk,  Walden 
and  Wegscheider  met  in  conference  at  Utrecht,  and  agreed  to 
hold  there  in  1922  a  scientific  chemical  meeting,  the  date  of 
which  is  now  fixed  for  June  21,  22,  and  23  of  this  year.  The 
program  will  consist  of  several  general  papers,  together  with  a 
number  of  shorter  scientific  communications. 

It  would  give  us  very  great  pleasure,  dear  Colleague,  if  you 
would  take  part  in  this  meeting. 

Awaiting  a  reply  at  your  earliest  convenience,  and  with  best 
wishes. 

Yours  very  truly, 

Ernst  Cohen 
H.  R.  Krityt 
P.  VAN  Romburgh 

The  following  American  chemists  are  already  planning  to  at- 
tend the  conference:  Drs.  Edward  Bartow,  W.  R.  V/hitney,  L. 
W.  Dennis,  and  W.  A.  Noyes.  Other  names  will  probably  be 
added  to  the  list  later. 

W.  A.  Noyes 

University  of   InrNOis 
Urbana,  Ilu 
March  25, 1922 


Determination  of  Arsenic  by  the  Distillation 
Method 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Messrs.  J.  J.  T.  Graham  and  C.  M.  Smith  [This  Journal,  14 
(1922),  207]  recommend  hydrazine  sulfate  and  sodium  bromide 
in  the  determination  of  arsenic  by  the  distillation  method. 
Hydrazine  sulfate  and  hydrobromic  acid  have  been  used  by  the 
writer  in  the  laboratory  of  the  Coniagas  Reduction  Co.,  since 
1911,  and  about  10,000  determinations  of  arsenic  in  cobalt  ores 
and  metallm-gical  products  have  been  made  in  the  above  labora- 
tory by  means  of  these  reagents.  The  writer  made  2  kilos  of 
hydrazine  sulfate  by  the  elegant  method  of  Raschig  [Ber.,  40 
(1907),  45871  during  the  latter  part  of  the  war,  when  this  material 
could  not  be  piu-chased  on  the  open  market.  Among  the  many 
advantages  of  hydrazine  sulfate  over  other  reducing  agents  the 
writer  would  like  to  draw  attention  to  the  following  points: 

The  introduction  of  large  amounts  of  fixed  salts  which  are  hable 
to  cause  bumping  during  the  latter  stages  of  the  distillation  is 
avoided . 

The  residue  from  the  distillation  is  readily  available  for  the 
determination  of  other  constituents  after  destroying  the  excess  of 
the  reagent  with  bromine  water  or  hydrogen  peroxide. 

C.  A.  Knittei. 
45  Chaplin  Avb. 
St.  Cathbrinks,  Ont.,  Canada 
March  9,  1922 
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Some  Difficulties  of  the  Manufacturer  in  the 
United  States 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  writer  is  technical  director  of  the  Chemisch-Pharmazeu- 
tische  Fabrik  ByCo.,  S.  A.,  which  was  first  organized  in  Los 
Angeles  and  later  reorganized  with  increased  capital  in  Mexico. 
Its  products  are  at  present  standard  pharmaceuticals,  such  as 
tablets,  ointments,  fluid  extracts,  etc.  The  manufacture  of 
chemicals  is  to  be  taken  up  in  the  future. 

I  believe  that  there  is  something  of  general  professional  in- 
terest in  a  rather  detailed  account  of  the  experience  of  this  or- 
ganization, when  we  struggled  in  vain  against  an  ever-increasing, 
excessive,  and  extreme  legislation,  perhaps  more  pronounced  in 
California  than  in  any  other  state,  which  finally  forced  us  to 
throw  up  our  hands  in  despair  and  to  transfer  our  plant  to  Mexico 
City. 

In  Los  Angeles  we  conducted  an  analytical  laboratory  doing 
principally  clinical  work.  Connected  with  the  analytical  labora- 
tory was  a  manufacturing  laboratory  equipped  with  power 
machines  for  the  manufacture  of  medicinal  tablets,  etc  Other 
products  were  cosmetics  and  pharmaceutical  and  chemical 
specialties.  It  was  also  planned  to  make  flavoring  extracts  in 
collapsible  tubes. 

We  were  subjected  to  the  following  laws  and  permits  required : 

Prohibition  laws,  in  the  use  of  alcohol  for  industrial  purposes, 
in  the  analytical  laboratory,  for  cosmetic  preparations,  in  the 
recovery  of  alcohol. 

The  details  connected  with  the  many  intricacies  of  these  laws, 
expenses,  etc.,  referring  to  our  plant  I  need  not  rehearse  here. 
Suffice  it  to  mention  that  the  Federal  office  in  Los  Angeles  re- 
fused to  accept  our  application  for  the  use  of  alcohol  for  certain 
medicinal  tablets  where  it  was  essential  to  make  the  necessary 
granulation,  without  our  submitting  formulas  and  labels  for  such 
tablets,  a  procedure  which  was  of  course  impossible  because  we 
could  not  foresee  what  formulas  would  be  submitted  to  us  to  be 
made  into  tablets.  That  the  alcohol  was  used  solely  as  a  binder 
and  was  entirely  driven  ofT  on  subsequent  drying  of  the  product 
did  not  change  the  solomonic  dictum  of  the  Federal  office. 

Narcotic  laws,  involving  a  permit  to  use  narcotics  for  medic- 
inal tablets,  and  another  permit  to  analyze  for  customers 
preparations  containing  alkaloids  (narcotics). 

The  study  of  the  California  state  food  and  drug  laws,  those 
of  the  State  Board  of  Pharmacy,  Federal  legislations,  the  filling 
out  of  the  many  application  blanks,  the  monthly  accounts  re- 
quired, the  study  of  new  amendments  (added  frequently)  would 
almost  require  one  man's  time,  a  cost  too  great  for  a  small  plant. 

At  the  time  we  left  California,  three  bills  were  pending  before 
the  Legislature  which  would  have  added  to  our  burden. 

The  first  of  these  bills  was  the  Economic  Poison  Law  (disin- 
fectants), which  if  passed  would  require  a  special  permit  to 
manufacture  disinfectants  and  a  yearly  tax  of  $50  for  the  same, 
doubtless  with  another  series  of  application  blanks,  etc. 

The  second  referred  to  the  labeling  of  flavoring  extracts. 
According  to  what  I  have  been  told  by  a  well-known  color  manu- 
facturing house,  the  bill  was  intended  to  prohibit  the  use  of 
pictorial  reproductions  of  any  fruit,  as  well  as  the  names  of 
fruits,  on  the  label,  provided  the  flavors  were  manufactured 
from  synthetics. 

The  last  of  these  bills  would  have  been  disastrous  to  our 
analytical  laboratory  because  it  would  i)rohibit  anyone  but  a 
registered  physician  from  performing  analyses  of  a  clinical 
nature.  An  abstract  of  this  bill  was  published  about  half  a 
year  ago  in  the  Journal  of  the  American  Pharmaceutical  As- 
sociation. 

The  following  species  of  the  family  of  inspectors  did  honor  us 
with  their  visits,  or  would  have  done  .so  had  we  been  able  to 
obtain  all  the  necessary  permits  for  the  manufacture  of  our 
goods  (a  special  reception  room  would  have  been  quite  ap- 
propriate) :  boiler  inspector,  Hoard  of  Health  inspector,  safety 
inspector  (machinery),  prohibilion  inspector,  corporation  in- 
spector, county  tax  assessor,  scale  inspector.  Board  of  Pharmacy 
Inspector,  narcotic  inspector,  fire  inspector,  city  license  inspector, 


and  vivant  sequcntes.  The  possible  passing  of  the  Kconomic 
Poison  Law  would  probably  have  acquainted  us  with  still  an- 
other member  of  the  family. 

We  do  not  care  to  express  the  feelings  which  we  experienced 
when  one  of  the  boiler  inspectors  (we  had  a  large  upright  gas 
boiler  for  the  generation  of  live  steam)  inquired,  "Which  ma- 
chine is  the  boiler,"  and  "Is  this  a  copper  or  iron  boiler,"  and 
when  patiently  given  the  desired  information  proudly  handed 
us  his  official  notice,  "Boiler  inspected  and  found  to  be  in  good 
order." 

There  is  a  very  marked  contrast  in  the  situation  with  which 
we  were  confronted  when  hopelessly  striving  against  official 
meddling,  and  the  freedom  which  we  can  enjoy  in  our  business 
enterprise  here  in  Mexico.  Undoubtedly,  a  highly  organized 
industrial  nation  will  require  a  more  complex  system  of  legisla- 
tion than  a  nation  of  less  industrial  development,  but  the  grind- 
ing out  of  national  and  state  legislation,  passed  and  contemplated, 
should  not  come  to  a  point  where  it  becomes  an  oppression  and 
an  interference  in  rightful  business,  much  intensified  in  times  of 
already  existing  industrial  depression. 

The  purpo.se  of  this  letter  is  to  enumerate  the  particular 
difficulties  which  we  encountered  in  Los  Angeles,  which  have 
forced  us,  in  order  to  save  our  investments,  to  look  for  freedom 
in  doing  business  for  a  place  where  we  can  recover  our  losses 
sustained  through  excessive  legislation,  and  where  we  shall  be 
able  to  do  better  than  merely  fill  out  numberless  application 
blanks,  pay  taxes  for  permits,  and  obey  the  frequently  arbi- 
trary orders  of  frequently  autocratic  and  ignorant  inspectors. 

C.  Br.mibach 

ByCo. 

Chemisch-Pharmazeutische  Fabrik,  S.  A. 

Cai.1,8  db  R0SAI.BS  1 

Mexico,  D.  F. 

January  25,  1922 


The  Lime  Fellowship  of  the  Eastern  Potash 

Corporation  at  New  Jersey  Agricultural 

Experimental  Station 

Occasionally  in  the  solving  of  a  research  problem  pertaining 
to  the  manufacture  of  chemicals,  one  must  go  to  a  field  other 
than  that  embraced  by  the  chemical  laboratory  or  the  semi-works 
plant.  For  example,  in  the  manufacture  of  caustic  potash  and 
potassium  nitrate  from  greensand,  the  Eastern  Potash  Corpora- 
tion will  obtain  a  large  tonnage  of  a  liming  material  containing 
approximately  the  same  amount  of  CaO  as  is  in  ordinary  lime- 
stone. 

It  was  thought  that  this  lime  residue  from  potash  extraction, 
which  has  been  named  limosil,  would  be  applicable  for  the  liming 
of  soils.  In  order  to  test  this  possibility,  research  was  transferred 
from  the  chemical  laboratory  to  Nature's  laboratory,  and  during 
the  past  year  the  New  Jersey  Agricultural  Experiment  Station 
at  New  Brunswick,  under  the  direction  of  Dr.  J.  G.  Lipman. 
has  been  investigating  this  problem  in  the  greenhouses  and  also 
in  the  fields.  The  results  to  date  indicate  that  this  iiotash  by- 
product is  as  efficient  as  limestone  or  slaked  lime  in  the  liming  of 
acid  soils,  the  comparison  of  course  being  made  on  the  Iiasis  of  an 
equal  CaO  content. 

As  a  great  area  of  the  soils,  especially  of  the  eastern  United 
States,  are  in  need  of  lime,  this  new  by-product  should  not  only 
cheapen  the  manufacture  of  domestic  potash  but  also  increase 
the  yield  from  our  farms.  In  carrying  out  such  lick!  and  green- 
house experiments,  the  aim  has  been  to  parallel  the  actual 
practical  tests  on  growing  plants  with  laboratory  studies  of  the 
effect  of  the  lime  on  the  various  constituents  of  the  soils,  with 
the  object  of  some  day  knowing  just  how  the  lime  functions. 

R.  NoRKis  Shreve 
New  York   N.  V 
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Determination  of  Salt  in  Peti-oleum 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  tlie  January  number  of  This  Journal,  14  (1922),  80, 
Mr.  George  T.  Dougherty  calls  attention  to  a  method  which 
was  published  under  my  name  in  an  earher  number  [13  (1921), 
325],  for  the  determination  of  salt  present  in  oil.  He  outlines 
a  method  used  by  the  American  Steel  Foundries  in  Chicago 
for  the  same  purpose,  and,  in  going  over  it,  I  find  we  used  about 
the  same  method  when  we  first  started  our  efforts  toward 
determination  of  the  amount  of  salt  in  oil. 

It  did  not  seem  that  we  found  all  the  salt  present,  however, 
owing  to  the  difficulty  of  getting  a  proper  extraction  of  the  salt 
from  the  charred  material  left  after  burning  the  oil.  Also, 
if  the  oil  contained  much  salt  water  there  was  some  loss  due  to 
spattering,  which  could  not  be  prevented. 

This  led  to  the  development  of  the  method  using  acetone  for 
extraction,  which  has  the  advantage  of  working  on  a  larger 
quantity  of  oil;  while  it  takes  a  little  longer,  it  apparently 
extracts  the  salt  water  more  thoroughly,  as  indicated  by  the 
following  results,  which  are  expressed  in  grams  of  salt  per  liter 
of  oil: 

Determination  of  Salt  in  Crude  Oil  Sample 

Method Acetone       Burning 

Test  1 0.70  0.51 

Test  2 0.73  0.57 

Determination  of  Salt  in  Fuel  Oil  Sample 

Test  1 0.95  0.81 

Test  2 0.93  0.75 

R.\i,PH  R.  Matthews 

RoxANA  Petroleum  Corporation 

Wood  River,  III. 

March  24,  1922 


Chilean  Nitrate 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  savants  and  pseudo-savants  who  attended  the  meeting  of 
the  British  Association  at  Bristol  in  1898  were  hoodwinked  by 
Louis  de  Rougemont's  story  of  fictitious  adventure  in  north- 
western Australia  and  startled  by  the  Crookes'  warning,  equally 
absurd,  as  to  the  early  exhaustion  of  the  nitrate  beds  in  Chile. 
The  repetition  of  the  Crookes'  prophecy,  omitting  dates  of  course, 
will  serve  doubtless  as  an  inspiration  to  authors  of  chemical 
treatises  for  many  years  to  come ;  during  the  intervening  time  the 
public  will  stUl  be  told  that  our  supply  of  iodine  comes  from 
seaweed. 

Recently,  however,  another  phase  of  the  subject  has  developed, 
and  technical  journals  and  the  daily  press  have  been  making 
direct  reference  to  the  nitrate  deposits  in  the  extreme  north  of 
Chile,  thus  complicating  the  Tacna-Arica  controversy  between 
Chile  and  Peru.  On  page  218  of  your  March  issue  you  refer 
to  the  "potentially  valuable  nitrate  beds"  there;  and,  later,  to  the 
fact  that  "government  experts"  maintain  that  the  district  con- 
tains "valuable  nitrate  beds."  Statements  such  as  these  smack 
so  strongly  of  propaganda  against  Chile  that  they  should  be 
examined  carefully  before  publication.  The  commercial  nitrate 
deposits  are  far  to  the  south.  There  is  no  more  reason  to  assimie 
that  "valuable  nitrate  beds"  occur  in  Tacna  and  Arica  than  that 
similar  resources  will  be  developed  in  every  other  arid  region  in  the 
world. 

A.  W.  Allen 

Berkeley,  Cal. 
March  15,  1922 

In  spite  of  a  convincing  demonstration  last  year  that  the 
by-product  coking  of  bituminous  coal  could  maintain  itself 
better  than  could  the  beehive  method  in  a  period  of  industrial 
depression,  and  that  by-product  coking  is  continuing  to  super- 
sede the  older  method,  production  of  coke  by-products  during 
1921  averaged  in  the  neighborhood  of  one-third  less  than  the 
1920  output. 


The  Flow  of  Fluids  through  Commercial  Pipe 
Lines — Correction 

In   the   article   under   the   above    title    [This  Journal,    14 
(1922),  105]  the  following  errors  should  be  noted: 

Page  112,  1st  col.,  3rd  line  in  next  to  last  paragraph,  correct  "Fig.  9" 
to  read  "Fig.  10." 

Page  115,  2nd  col..  Section  4,  the  second  equation  should  be 


P  = 


0.0538  fls  Q\ 


Page  119,   1st  col.,  1st  line,  the  sentence  should  read  "From  Fig.  17, 
J  =  0.00I1S,  etc."  instead  of  "z  =  0.00118.  etc." 

Massachusetts  Institute  of  Technology 

Cambridge,  Mass.  W.  H.  McAdamS 

March  20,  1922  M.  SELTZER 


Solid  Sodium  Hydroxide  as  an  Absorbent  for 
Carbon  Dioxide  in  Steel  Analysis 

Editor  of  the  Journal  of  Industrial  and  Engineering  Cliemistry: 

The  paper  of  the  above  title  by  Messrs.  G.  L.  Kelly  and  E. 
W.  Evers  in  the  November  issue  of  This  Journal  treats  a 
subject  which  is  of  supreme  importance  to  the  steel  works  chem- 
ist. 

We  feel  it  would  interest  other  workers  to  know  that  inde- 
pendent investigators  in  Britain  and  America  have  estabUshed 
by  their  separate  experience  the  practical  advantages  to  be 
gained  by  the  use  of  solid  sodium  hydroxide  as  an  absorbent 
for  carbon  dioxide  in  the  estimation  of  carbon. 

It  has  been  the  standard  practice  since  1906  in  the  laboratories 
of  Messrs.  William  Beardmore  &  Co.,  Ltd.,  Glasgow,  to  use 
solid  sodiiun  hydroxide  as  an  absorbent  in  all  carbon  estimations. 
In  this  period  a  total  approaching  half  a  million  estimations 
has  been  made  and  on  this  experience  we  can  corroborate  all 
the  claims  the  authors  put  forward  for  the  solid  absorbent. 

We  have  examined  experimentally  from  time  to  time  the 
proposals  and  claims  made  on  behalf  of  apparatus  and  reagents 
both  for  liquid  absorption  and  gaseous  measurement  and  have 
foimd  no  sufficient  reason  to  depart  from  oirr  standard  practice. 
This  consists  of  the  absorption  of  the  carbon  dioxide  by  the 
solid  sodium  hydro.xide  which  is  loosely  packed  in  U-tubes 
with  stoppers  and  side  limbs. 

The  application  of  the  use  of  soda  asbestos  noted  in  the  authors' 
earlier  paper  [This  Journal,  8  (1916),  1038]  was  most  opportime 
for  us  as  it  aided  us  in  overcoming  a  war-time  difficulty,  and 
at  the  time  the  very  real  difficulty,  of  replacing  impure  and  me- 
chanically imperfect  soda  lye.  Unfortimately  we  had  the 
moisture  difficulties  noted  by  Messrs.  Kelly  and  Evers.  We 
have  tried  the  absorption  apparatus  sketched  therein  and  have 
found  it  admirably  suited  for  the  work. 

JAS.  MacWhirtbr,  F.I.C. 
Chief  Chemist 

Laboratories  of 

Messrs.  William  Beardmorb  &  Co.  Ltd. 

Ordnance  &  Steel  Works 

Glasgow,  Scotland 

January  26,  1922 


Platinum  Theft 

On  April  1  the  laboratory  of  the  Agricultural  Experiment 
Station  of  the  University  of  Florida  lost  by  theft  seven  plati- 
num evaporating  dishes,"  average  weight  18  to  21  grams,  num- 
bered as  follows;  1,  2,  3,  11,  6,  7,  9. 

R.  M.  RUPRECHT 


May,  192 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


463 


WASHINGTON  NOTES 


Dye  Investigation 

The  dye  investigation  is  practically  over,  and  as  each  witness 
has  completed  his  testimony  the  fact  is  more  forcibly  and  in- 
creasingly impressed  upon  us  that  the  domestic  dye  industry 
will  be  completely  vindicated.  Seven  weeks  have  been  consumed 
in  the  hearings,  and  thus  far  not  one  person  who  has  testified 
before  the  committee  has  shown  that  any  monopolistic  tendency 
exists.  Importers,  manufacturers,  and  users  of  dyes  have  all 
appeared  and  each,  in  turn,  has  testified  that  there  is  no  mo- 
nopoly of  any  kind.  Even  the  small  producer  has  failed  to 
appear  and  testify  to  the  existence  of  a  monopoly. 

The  second  point  that  the  committee  was  charged  to  investi- 
gate was  the  question  of  lobbying.  There  has  been  no'  testi- 
mony that  there  has  been  lobbying,  nobody  has  defined  lobby- 
ing, and  apparently  there  has  been  no  attempt  to  prove  that 
there  has  been  lobbying.  Senator  Shortridge  has  repeatedly 
announced  that  if  anyone  had  any  evidence  or  wished  to  ask 
any  questions  relative  to  lobbying  or  monopoly  they  were  free 
to  appear  and  question  the  witnesses  or  the  committee.  Yet 
no  one  has  appeared  to  propound  such  questions. 

The  Inevitable 

The  friends  of  the  American  potash  industry  have  always 
taken  the  attitude  that  all  that  was  necessary  was  to  give  any 
unbiased  judge  the  facts  about  this  infant  American  industry 
and  he  could  not  do  otherwise  than  decide  that  the  enactment 
of  a  protective  tariff  was  the  only  hope  for  the  industry.  In 
this  they  were  not  mistaken,  as  is  evidenced  by  the  provisions 
contained  in  the  Tariff  Bill,  which  has  been  passed  by  the  House, 
approved  by  the  Senate  Finance  Committee,  and  favorably 
reported  to  the  Senate,  and  which  briefly  is  as  follows: 

That  for  a  period  of  5  years  beginning  on  the  day  following  the  passage 
of  the  Tariff  Act,  there  shall  be  levied,  collected,  and  paid,  on  the  actual 
potash  (potassium  oxide)  content  of  potassium,  chloride  or  muriate  of  pot- 
ash, potassium,  kainite,  wood  ashes  and  beet-root  ashes,  and  all  crude 
potash  salts  not  specially  provided  for,  a  duty  of  2.5  cents  per  pound  for  the 
first  two  years;  2  cents  per  pound  for  the  third  year;  1.5  cents  per  pound 
for  the  fourth  year;  and  1  cent  per  pound  for  the  fifth  year:  thereafter  the 
said  potash  content  .shall  be  free  of  duty. 

Potassium  nitrate,  or  crude  saltpeter,  is  admitted  tree  of  duty. 

Muscle  Shoals 

The  House  Committee  on  Military  Affairs  has  completed  its 
hearings  and  has  printed  eleven  volimies  containing  the  testi- 
mony that  was  given  before  the  committee.  On  March  25, 
1922,  members  of  the  Senate  Committee  on  Agricultiu-e  and 
members  of  the  House  Committee  on  Military  Affairs  left  Wash- 
ington on  an  inspection  trip  of  the  Muscle  Shoals  project. 
About  ten  members  from  each  branch  of  Congress  made  the  trip, 
a  number  of  members  being  detained  in  Washington  because 
of  other  activities.  The  party  was  gone  a  little  over  five  days 
and  in  that  time  made  a  complete  inspection  of  everything  in 
the  vicinity  that  was  in  any  way  connected  with  the  Muscle 
Shoals  Project. 

The  members  returned  to  Washington  fully  realizing  that  the 
Muscle  Shoals  undertaking  is  one  of  the  most  important  that 
has  ever  been  undertaken  in  this  country  for  the  development 
of  our  natiu-al  power.  The  consensus  of  opinion,  however, 
seems  to  be  that  Congress  cannot  accept  or  reject  any  proposi- 
tion relative  to  the  purchase  of  this  project  but  the  importance 
of  completing  the  Wilson  Dam  is  thoroughly  imderstood  and 
indications  are  that  an  appropriation  will  be  made  available 
for  the  completion  of  the  dam  by  the  Government  pending  a 
decision  relative  to  the  various  proposals  which  have  been  made 
for  Muscle  Shoals.  Meantime  the  Senate  Committee  on  Agri- 
culture started  its  hearings  on  Monday,  April  10. 

Metric  System 

Hearings  on  the  metric  sy.stem  bill  have  been  completed. 
There  is  a  strong  sentiment  even  among  some  manufacturers 
of  the  country  for  the  enactment  of  this  bill  into  law,  but 
this  is  offset  by  strong  opposition  on  the  part  of  certain  manu- 
facturers and  interests  that  have  organized  to  prevent  the 
measure  being  adopted.  Neither  has  the  cooperation  of  the 
government  departments  been   secured,   some  of  the  cabinet 


officers  having  declined  to  endorse  the  bill  because  they  thought 
its  enactment  would  cause  confusion  and  expense  to  the  Govern- 
ment. In  the  face  of  so  much  opposition  it  is  very  doubtful  if 
any  favorable  action  will  be  taken  in  the  near  future. 

Board  to  Administer  Medical  Fellowships 

The  National  Research  Coimcil  has  appointed  a  special 
Board  of  eminent  medical  men  to  administer  the  National 
Fellowships  in  Medicine  which  the  Research  Council  is  able  to 
offer  through  special  gifts  to  it  by  the  Rockefeller  Foimdation 
and  General  Education  Board  amounting  to  $100,000  a  year 
for  five  years. 

The  members  of  the  Board  are :  Victor  C.  Vaughan,  Chairman, 
David  L.  Edsall,  Joseph  Erlanger,  G.  Carl  Huber,  E.  O.  Jordan, 
Dean  D.  Lewis,  W.  G.  MacCallum,  Lafayette  Mendel,  and  W. 
W.  Palmer. 

The  fellowships  are  open  only  to  students  who  have  already 
obtained  the  degree  of  M.D.  or  Ph.D.  or  have  equivalent  quali- 
fications. Fellows  will  be  appointed  for  one  year  with  the 
privilege  of  applying  for  reappointment.  Applications  or  re- 
quests for  special  information  should  be  made  to  the  Division 
of  Medical  Sciences,  National  Research  Council,  1701  Massa- 
chusetts Ave.,  Washington,  D.  C. 

Kelp  Potash  Plant  Sold 

The  Kelp  Potash  Plant  of  the  Bureau  of  Soils,  U.  S.  Depart- 
ment of  AgriciUtiu-e,  at  Summerland,  Cal.,  was  sold  and  trans- 
ferred on  April  1  to  Mr.  Rodney  Benson  of  Santa  Barbara. 
The  plant  will  be  enlarged  and  put  back  into  operation  at 
once  for  the  manufacture  of  "kelpchar"  (a  decolorizing  carbon 
of  very  high  activity),  potash  salts,  and  iodine. 

Lime  Specifications  and  Methods  of  Sampling  and  Analysis 

A  meeting  of  Committee  C-7  of  the  American  Society  for 
Testing  Materials  was  held  at  the  offices  of  the  National 
Lime  Association  in  Washington,  D.  C,  on  March  28  and  29. 
Specifications  for  sampling  lime  products,  for  determining  the 
amoimt  of  available  lime  in  quicklime  and  hydrated  lime,  to- 
gether with  specifications  covering  the  use  of  lime  in  varnish 
manufacture,  rag  cooking,  silica  brick,  sulfite  pulp,  and  in  the 
textile  industry  were  presented  to  the  whole  committee  for 
approval.  These  specifications  will  probably  be  presented  to 
the  Society  at  the  annual  convention  for  adoption  as  tentative 
standards.  Considerable  progress  was  reported  by  the  sub- 
committees dealing  with  the  use  of  lime  in  construction.  The 
agricultiu-al  interests  are  working  in  conjunction  with  the 
American  Association  of  Official  Agricultiu'al  Chemists  in  an 
effort  to  develop  standard  methods  of  sampling  and  analysis. 

New  definitions  of  the  terms  quicklime  and  hydrated  lime 
which  are  clear,  concise,  and  complete,  were  adopted  by  the 
Committee,  and  careful  study  is  being  given  to  about  one  hun- 
dred other  terms  which  are  of  special  interest  to  this  committee. 


There  will  be  a  meeting  of  the  Station  Superintendents  of  the 
U.  S.  Biu'eau  of  Mines  in  Washington  and  Pittsburgh,  the  week 
of  May  17.  The  meeting  will  be  in  Washington  on  Monday, 
Tuesday,  and  Wednesday,  and  in  Pittsburgh  on  Thursday, 
Friday,  and  Saturday  of  that  week.  All  of  the  Station  Super- 
intendents will  be  in  attendance  and  the  various  problems  with 
which  they  are  confronted  will  be  discussed  at  length. 


Dr.  R.  B.  Moore  will  leave  on  May  6  for  a  2  months'  trip 
abroad  to  carry  out  certain  investigations  for  the  Bureau  of 
Mines. 


The  Bureau  of  Mines  is  arranging  with  a  number  of  oil-pro- 
ducing companies  in  California  to  make  motion  picture  films 
that  will  be  useful  in  teaching  the  gospel  of  safety  in  the  petro- 
leum industry. 
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Dr.  William  A.  Perlzweig,  formerly  research  biochemist 
in  the  N.  Y.  branch  of  the  Hygienic  Laboratory,  has  accepted 
the  position  of  chemist  to  the  Medical  Clinic  in  the  Johns  Hop- 
kins   University. 

Dr.  Lester  A.  Pratt,  who  has  been  in  charge  of  the  Research 
Laboratory  of  the  Merrimac  Chemical  Co.  for  the  past  six 
years,  has  been  made  director  of  research  for  the  same  company. 

Mr.  E.  M.  Partridge,  formerly  chief  chemist  of  the  Refinite 
Co.,  Omaha,  Neb.,  is  now  chemist  for  the  Paige  &  Jones 
Chemical  Co.,  Hammond,  Ind 

Mr.  Henry  G.  Knight,  formerly  dean  of  agriculture  of  the 
Oklahoma  Agricultural  and  Mechanical  College  and  director 
of  the  Experiment  Station,  has  been  elected  director  and  re- 
search chemist  of  the  W.  Va.  Agricultural  Experiment  Station 
of  the  University  of  West  Virginia.  In  November  Mr.  Knight 
was  elected  Honorary  Fellow  of  Cornell  University. 

Mr.  Frank  E.  Swindells  left  the  employ  of  the  Standard  Chemi- 
cal Co.  on  November  1,  1921,  and  joined  the  staff  of  the  Bureau 
of  Standards. 

Mr.  W.  F.  Washburn  has  resigned  his  position  as  assistant 
general  manager  of  the  Titan  Co.  A-S  of  Fredriksstad,  Norway, 
and  is  now  consulting  engineer  to  the  Titanium  Pigment  Co., 
Inc.,  Niagara  Falls,  N.  Y. 

Mr.  John  M.  Grove,  formerly  connected  with  the  Lee  Tire 
&  Rubber  Co.,  of  Conshohocken,  Pa.,  and  later  with  the  N. 
J.  Carspring  &  Rubber  Co.,  Inc.,  of  Jersey  City,  is  now  in  charge 
of  the  laboratory  of  the  New  England  Tire  &  Rubber  Co.,  Holy- 
oke,  Mass. 

Mr.  Wm.  C.  Mclntire  has  left  the  employ  of  the  Cincinnati 
Chemical  Works,  Inc.,  and  is  now  with  the  Sherwin-Williams 
Co.,  Chicago.  111. 

Mr.  Wm.  J.  Burgess  has  resigned  his  position  with  the  Elec- 
tric Storage  Battery  Co.,  Philadelphia,  to  accept  the  position 
of  chemical  director  of  the  Pennsylvania  Coal  Products  Com- 
pany's plant  at  Petrolia.  Pa. 

Mr.  I.  J.  Jenks  has  accepted  a  position  as  professor  of  chemistry 
at  the  Northern  Illinois  State  Teachers  College,  Dekalb,  111. 
He  previously  occupied  the  position  of  chemist  for  the  Bruns- 
wick Balke  CoUender  Co.,  Muskegon,  Mich. 

Mr.  Sam  Tour,  for  a  number  of  years  metallurgist  with  the 
Technical  Staff  Office  of  the  Chief  of  Ordnance,  War  Dept., 
Washington,  D.  C,  is  now  with  the  Doehler  Die  Casting  Co., 
Brooklyn,  N.  Y.,  in  the  same  capacity. 

Mr.  Carl  E.  Hartwig,  until  recently  associate  chemist  at 
Edgewood  Arsenal,  has  accepted  the  position  of  research  and 
development  chemist  with  the  Garfield  Worsted  Mills,  at  Gar- 
field, N.  J. 

Mr.  Walter  S.  Long  has  left  the  University  of  Kansas,  where 
he  was  an  assistant  professor  of  chemistry,  having  in  charge  the 
work  of  the  State  Food  Laboratory,  to  accept  the  position  of 
City  Chemist  at  Kansas  City. 

Mr.  Chas.  Braubach  is  technical  director  of  the  laboratories 
of  the  recentlj'  formed  Chemisch-Pharmazeutische  Fabrik 
ByCo.  S.  A.,  Calle  de  Rosales  1,  Mexico  D.  F.,  of  which  com- 
pany he  is  one  of  the  founders. 

Mr.  H.  G.  Tamier  has  resigned  his  position  as  chief  chemist 
of  the  U.  S.  Experimental  Kelp-Potash  Plant,  Summerland, 
Cal.,  to  assume  the  position  of  assistant  professor  in  the  depart- 
ment  of   chemistry.   University   of   Oregon. 

Mr.  William  C.  Camell  died  in  Philadelphia  on  March  12, 
1922,  at  the  age  of  fifty-three.  Mr.  Camell  had  been  a  member 
of  the  American  Chemical  Society  since  1895,  and  had  served 
on  the  Council  and  on  various  committees.  He  was  very  active 
in  the  Philadelphia  Section,  where  his  loss  will  be  greatly  felt. 
Mr.  Camell  was  a  graduate  of  Lehigh  University.  Most  of  his 
professional  career  was  spent  in  Philadelphia,  in  the  field  of 
acids  and  heavy  chemicals.  He  became  associated  with  Charles 
Lennig  &  Company  in  1901,  went  to  the  Harrison  Works,  manu 
facturing  heavy  chemicals,  pigments  and  paints,  in  1913,  re- 
turning to  the  Lennig  Company  in  1917.  From  May  1917  to 
August  1920  he  was  connected  with  the  Rohm  &  Haas  Co.,  after 
which  time  he  again  returned  to  Charles  Lennig  &  Co. 


Mr.  Robert  C.  Stanley,  formerly  First  Vice  President,  was 
recently  elected  President  of  The  International  Nickel  Company. 
Mr.  Stanley  has  ordered  a  reorganization  of  personnel,  involving 
as  its  chief  feature  a  new  department  of  Development  and 
Research  with  headquarters  at  67  Wall  St.,  New  York  City. 

The  new  department  of  the  company  is  the  outgrowth  of  a 
gradually  maturing  conviction  that  a  study  of  its  products  and 
their  successful  use  in  the  hands  of  the  consumer  is  the  key 
to  the  extension  of  tonnage  distribution.  Research  depart- 
ments at  the  mines,  smelters,  and  refineries  of  the  company, 
established  during  the  last  few  years,  ha\e  now  been  crystallized 
into  a  headquarters  organization  in  intimate  touch  both  with 
its  own  plant  developments  and  with  outside  engineering  develop- 
ments, touching  on  the  use  of  nickel  and  monel  metal  in  all 
fields.  This  department  will  be  under  the  direction  of  Mr. 
A.  J.  Wadhams,  as  Manager.  Associated  with  him  will  be  Dr. 
Paul  D.  Merica,  Director  of  Research. 

Mr..  Wadhams  has  hitherto  been  manager  of  the  large  Bayonne 
refinery  of  this  company  and  has  for  years  been  in  direct  charge 
of  the  manufacture  of  all  of  the  company's  products,  and  through 
this  experience  is  fitted  to  an  unusual  degree  for  the  new  work 
which  he  is  to  undertake. 

The  Celite  Products  Company  has  recently  established  branch 
offices  in  Boston,  Buffalo,  Cincinnati,  and  Alinneapolis,  with  the 
idea  of  securing  increased  business  through  direct  concentrated 
effort. 

The  Combustion  Engineering  Corporation  has  recently 
opened  a  new  branch  office  in  Cleveland,  Ohio,  in  charge  of 
Mr.  Frank  Henderson. 

The  Freeport  Sulphur  Co.,  New  York  and  Freeport,  Texas, 
awarded  contract  on  March  24  to  Dwight  P.  Robinson  &  Co. 
for  the  design  and  construction  of  a  complete  sulfur  mining 
plant  at  Hoskins  Mound,  Texas.  The  company  now  operates 
a  large  sulfur  mining  plant  at  Freeport,  which  contains  one  of  the 
largest  installations  of  oil-burning  boilers  in  the  world. 

The  Sarco  Co.,  Inc.,  of  New  York  has  recently  issued  a  bulle- 
tin— Sarco  Temperature  Control — illustrating  various  types 
of  temperature  regulators  and  their  application. 

The  Centur>'  Wood  Preserving  Company  has  recently  issued 
Bulletin  20,  "Storing  and  Seasoning  Cross  Ties,"  which  gives 
an  interesting  discussion  of  the  methods  used  by  the  company, 
factors  influencing  seasoning,  possible  deterioration  during 
seasoning,  and  methods  of  handling  and  storing. 

Twenty-five  companies  were  organized  during  the  month  of 
March  to  engage  in  the  manufacture  and  distribution  of  chemi- 
cals, drugs,  and  dyes.  The  aggregate  indicated  investment  was 
312,625,000,  as  compared  with  an  aggregate  of  $5,200,000  in 
February  The  average  investment  per  company  organized  was 
5505,000  in  March,  and  $236,363  in  Febraarj'.  Three  corapa- 
ies  were  organized  with  an  indicated  investment  of  ?1, 000,000  or 
more  during  the  month. 

At  the  annual  meeting  of  the  Refractories  Manufacturers' 
Association  recently  held  in  Chicago,  the  jsresident  urged  the 
formation  of  a  committee  of  thirteen  to  make  a  thorough  in- 
dustrial survey  of  operations  in  which  refractories  are  utilized, 
to  ascertain  actual  service  conditions  in  the  following  fields: 
blast  furnaces,  not  blast  stoves;  open  hearth  furnaces,  soaking 
pits ;  heating,  puddling  and  forging  furnaces ;  all  types  of  boilers ; 
cement,  lime  and  plaster  kilns;  window,  plate,  bottle  and  opti- 
cal glass;  annealing,  malleableizing  and  air  furnaces;  water 
and  coal-gas  generators,  gas  producers;  cupolas  and  gray  iron 
furnaces;  oil  refineries;  zinc,  lead,  and  copper  smelters;  all 
types  of  by-product  coke  ovens;    and  all  types  of  ceramic  kilns. 

Printed  copies  of  patents  may  be  obtained  as  follows;  Ameri- 
can, from  the  Commissioner  of  Patents,  Washington,  D.  C, 
10  cents  each;  Austrian,  from  Lehmann  &  Wentzel,  Kaemth- 
nerstrasse,  30,  Vienna,  1,  20  cents  each;  British,  from  the 
Comptroller  General,  Patent  Office,  25  Southampton  Buildings, 
London,  W.  C.  2,  1  shilling  each  (plus  Id.  postage);  Canadian, 
manuscript  copies  only  are  available,  estimates  furnished  in 
advance  by  Fetherstonhaugh  &  Smart,  50  Queen  St.,  Ottawa; 
French,  from  I'lmprimerie  Nationale,  87  Rue  de  Vielle  de  Temple, 
Paris,  1  franc  each;  German,  from  Reichspattentamt,  Berlin, 
5  marks  each  (lots  of  20  or  more,  23^  marks  each). 
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BOOK  REVIEWS 


Benzine  and  Mineral  Lubricants.  By  J.  Formanek  (translated 
from  the  German  by  Charles  Salter).  Cloth,  S'A  X  S'A- 
xii  +  256  pp.,  20  illustrations.  Scott,  Greenwood  &  Son, 
London;  D.  Van  Nostrand  Co.,  New  York,  1921.     Price,  $5.00. 

In  this  book.  Formanek,  who  is  a  professor  at  the  Bohemian 
Technical  High  School  at  Prague,  considers  the  production, 
testing,  and  uses  of  gasoline,  benzene,  and  petroleum  lubricating 
oils.  It  embodies  his  experience  as  a  motorist  and  a  petroleum- 
products  analyst,  and  it  is  intended  for  the  guidance  of  users  and 
testers  of  motor  fuels. 

There  are  14  chapters,  as  follows: 

Introductory 

Petroleum;    Its  Composition  and  Treatment 

Coal  Tar  Products 

Brown-Coal,  Shale  and  Peat-Tar  Products 

Products  from  Petroleum  and  Tar  Residues 

Testing  Benzine  and  Benzene 

Judging  the  Quality  of  Benzine  and  Benzene 

Testing  Mineral  Lubricating  Oils 

Judging  Mineral  Lubricating  Oils 

Properties  and  Uses  of  Fuels 

The  Consumption  and  Efficiency  of  Various  Fuels  in  Internal  Combustion 

Engines  " 
Suggested  Improvements  in  Motor-Car  Et|uipment 
Safe  Storage  of  Benzine  and  Benzene 
First  Aid  in  Cases  of  Gassing  with  Benzine 

In  discussing  these  various  subjects,  the  author  presents  brief 
but  informative  descriptions  of  Eiu'opean  and  especially  conti- 
nental practice,  but  he  has  not  accorded  attention  to  American 
procedures.  While  the  work  will  be  of  little  value  to  the  Ameri- 
can petroleum  chemist,  the  automotive  engineer  may  wish  to 
have  it  for  reference,  in  order  to  have  available  the  methods  used 
in  continental  Europe  for  ascertaining  the  practical  suitability  of 
the  materials  currently  employed  for  operating  gasoline  engines. 

W.  A.  Hamor 


Some  Phases  of  Cost  Accounting  in  the  Chemical  Industry. 
By  C.  B.  E.  Rosen,  M.  B.  A.,  C.  P.  A.  18  pp.  National 
Association  of  Cost  Accountants,  Bush  Terminal  Bldg.,  New 
York,  1921.     Price,  $0.75. 

Mr.  Rosen  is  evidently  familiar  with  his  subject  and  has 
brought  his  knowledge  of  accounting  to  bear  on  one  of  the  most 
difficult  problems  in  a  field  which  has  not  been  covered  and  in 
which  no  standard  practice  has  been  established. 

More  stress  could  be  laid  on  Mr.  Rosen's  suggestion  that  a 
monthly  determination  of  costs  is  apt  to  be  misleading.  If 
the  costs  for  a  three  months'  period  are  determined  the  con- 
clusions reached  are  certain  to  be  more  accurate.  This,  of  course, 
does  not  mean  that  detailed  monthly  costs  should  not  be  kept, 
but  the  conclusions  drawn  should  be  in  the  light  of  the  three 
months'  average. 

The  proper  place  for  the  deduction  of  by-products  from  the 
cost  is  a  much  mooted  question,  and  the  reviewer  is  rather  in- 
clined to  differ  with  the  author  in  this  matter.  Although  it 
does  not  affect  the  costs  whether  deducted  from  raw  materials  or 
total  manufacturing  costs,  it  appears  to  the  writer  more  logical 
that  it  should  be  deducted  from  the  latter. 

Mr.  Rosen  has  laid  stress  on  the  item  of  repairs  in  chemical 
plants  but  he  does  not  draw  the  line  where  repairs  end  and  de- 
preciation begins.  It  would  seem  that  this  is  rather  essential 
in  setting  up  a  reserve  for  both  items  so  as  not  to  confuse  the 
repairs  which  are  charged  to  conversion  costs  and  depreciation 
which  is  charged  to  overhead.     If  the  apjiaratus  is  to  be  kept  in 


good  condition  by  the  repairs  reserve,  should  there  be  so  large  an 
item  set  up  as  "10  to  20  per  cent  or  more"  for  depreciation? 
Again,  abnormally  large  discrepancies  in  "production  reports" 
may  eventually  be  charged  off  to  profit  and  loss  as  suggested  by 
the  author  but  imder  no  consideration  should  this  be  done  imtil 
brought  to  the  attention  of  the  proper  executive,  for  besides 
determining  the  costs  one  of  the  most  essential  reasons  for  the 
establishment  of  a  cost  accounting  system  is  for  the  purpose  of 
calling  attention  to  just  such  discrepancies. 

The  items  of  cost  are  well  considered  but  the  detail  of  applying 
a  cost  accounting  system  to  a  chemical  industry  must  be  carefully 
studied;  otherwise  it  will  tend  toward  an  elaborate  and  extensive 
collection  of  data  which  may  be  of  little  practical  use  when  com- 
piled. 

Mr.  Rosen's  article  is  not  a  primer  by  any  means,  but  pre- 
supposes a  knowledge  of  cost  accounting  and  might  frighten  the 
ordinary  manufacturer.  The  latter  should  bear  in  mind  that  a 
knowledge  of  costs  is  the  sme  qua  non  of  every  successful  business 
and  that  a  vast  majority  of  the  failures  of  the  coimtry  are  brought 
about  through  the  lack  of  knowledge  of  this  essential  requirement. 
Cost  accounting  is  just  as  necessary  to  the  chemical  industry  as 
to  the  shoe  trade.  A  proper  cost  system  is  the  guide  to  the  con- 
duct of  a  business  and  the  details  obtained  in  the  collection  of 
cost  data  are  invaluable  indications  as  to  the  trend  of  the  business. 
They  point  out  the  cause  of  direct  losses  and  draw  attention  to  the 
efficiency  or  lack  of  efficiency  in  the  various  departments. 

Mr.  Rosen's  pamphlet  is  a  valuable  contribution  not  only 
to  the  cost  accountant  but  also  to  the  chemical  manufacturer. 

William  W.  Caswell 

Technical  Records  of  Explosives  Supply.  1915-1918.  V — 
Manufacture  of  Sulfuric  Acid  by  Contact  Process.  128  pp., 
43  figs.  Ministry  of  Munitions  and  Department  of  Scientific 
and  Industrial  Research,  London.  H.  M.  Stationery  Office, 
1921.     19  X  28  cm.     £1  5s.  net. 

Only  the  Mannheim  and  Grillo  processes  are  treated  of,  45 
pages  and  10  figures  being  devoted  to  the  first,  while  83  pages 
and  33  figures  are  assigned  to  the  last-mentioned  process.  In 
the  Mannheim  plants  iron  pyrites  was  used  as  the  source  of 
sulfur.  In  the  Grillo  plants  sulfur  itself  was  burned  to  SO2  on 
the  ground  that  it  required  less  skill  to  burn  sulfur  per  se  than 
to  burn  the  sulfur  out  of  pyrites  and  that,  too,  there  was  a  saving 
in  freight.  The  "limip"  burners  were  of  the  usual  type  employed 
in  England  enclosed  in  sets  of  three  with  a  flue  in  common  and 
operated  with  dried  air  under  slight  pressure,  but  for  "fines"  Her- 
reschoff  burners  were  used.  A  small  "lump"  burner  was  erected 
beside  each  Herreschoff,  the  hot  gas  from  which  commingled 
in  a  common  flue  with  the  colder  gas  from  the  Herreschoff 
and  brought  the  temperature  of  the  mixture  up  to  the  optimum 
condition  for  oxide  conversion.  Careful  precautions  were  used 
to  prevent  poisoning  of  the  contact  mass;  yet  when  sulfur  only, 
of  high  purity,  was  used  it  was  found  that  the  mass  might  suffer 
poisoning  from  arsenic  picked  up  from  the  iron  used  in  the  con- 
■struction  of  the  plant.  .\s  in  the  previous  works  in  this  series' 
the  apparatus  and  operations  are  described  in  minutest  detail 
while  quantities  and  yields  are  given.  Of  special  interest  is  the 
preparation  of  the  contact  masses,  both  on  the  asbestos  mat  and 
the  magnesium  sulfate  granule,  as  well  as  the  recovery  of  the 
magnesium  sulfate  and  platinum,  together  with  the  separation 
of  platinum  and  iridium,  from  spent  contact  mass.  No  mention 
is  made  of  the  production  of  indurated  refractory  masses  such  as 
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were  produced  in  this  country  in  the  use  of  a  magnesium  sulfate 
foimdation.  This  volume  maintains  the  high  standard  of  its 
predecessors  in  the  series. 

Charles  E.  Munroe 

Technical  Records  of  Explosives  Supply.  1915-1918.  VI— Syn- 
thetic Phenol  and  Picric  Acid.  97  pp.,  50  figs.  19  X  28  cm. 
Ministry  of  Munitions  and  Department  of  Scientific  and  In- 
dustrial Research,  London.  H.  M.  Stationery  Office,  1921. 
Price,  15s.  net. 

Some  38  pages  with  26  figures  are  devoted  to  phenol,  while 
59  pages  with  24  figures  are  assigned  to  picric  acid,  the  figures 
including  photographs,  graphs,  and  folded  plates.  The  topics, 
as  presented,  afford  excellent  examples  of  the  versatility  of  chem- 
istry, both  as  to  the  variety  of  the  raw  materials  that  may  be 
used  and  the  many  different  processes  that  may  be  followed. 
Thus  four  methods  of  producing  phenol  from  benzene  and  three 
from  cresols  are  given,  as  well  as  eight  different  methods  for  mak- 
ing phenolsulfonic  acid.  The  records  show  careful  study  of 
operating  conditions,  though,  as  these  manufactures  were  carried 
out  chiefly  by  private  firms,  they  were  much  less  under  direct 
control  of  the  Department  than  those  which  have  been  dealt  with 
in  previous  records  of  this  series.'  Hence  American  practice  is 
drawn  upon  in  this  report  and  commended.  Recalling  that 
before  the  War  the  Ordnance  Department,  U.  S.  A.,  required 
picric  acid  to  be  made  from  synthetic  phenol,  we  read  here, 
"For  the  production  of  picric  acid  no  material  difference  between 
coal-tar  phenol  and  synthetic  phenol  has  shown  itself  either  in  the 
laboratory  or  on  the  large  scale"  but  some  impurities,  such  as 
paraffin,  appeared  to  act  favorably,  as  a  catalyst.  An  example 
of  the  difference  in  products  following  the  attempt  to  convert 
laboratory  experiments  into  large-scale  operations  is  given  on 
page  47  in  the  recovery  of  the  nitrogen  products  of  nitration. 
The  average  yield  of  picric  acid  for  these  factories  was  70.6  per 
cent  of  the  theory.  The  most  efficient  working  results  were 
76.6  per  cent.  Embarrassment  resulted  from  the  fact  that 
rejected  picric  acid  could  be  sold  to  manufacturers  of  sulfur  dyes 
at  a  higher  price  than  the  Government  paid  for  that  meeting  its 
specifications.  This  publication  seems  not  to  have  had  the  care- 
ful supervision  which  characterized  the  previous  "Records." 
Instances  of  dropped  letters  and  numbers  and  of  misspelled 
words  occur,  while  in  cases  such  as  "explosions,"  on  page  56, 
"nitration  process,"  on  page  64,  and  "sifting,"  on  page  64,  one 
is  left  in  doubt  as  to  what  the  author  sought  to  say.  Neverthe- 
less the  book  is  a  valuable  one  and  will  hold  its  place  as  an 
authority. 

Charles  E.  Munroe 


Harze,  Ktmstharze,  Fimisse,  und  Lacke.  By  Hans  Wolff, 
Ph.D.  115  pp.  Verein  WissenschaftUcher  Verleger,  Berhn, 
1921.     Price  25  cents. 

This  little  volume  represents  a  successful  attempt  at  printing, 
in  pocket  size,  the  essential  facts  concerning  resins,  artificial 
resins,  varnishes,  and  lacquers.  At  a  time  when  many  authors 
are  trying  to  dilute  the  known  facts  into  many  paged  volumes, 
•concise  publications  such  as  this  are  quite  welcome.  In  any  case 
the  specialist  will  still  consult  the  source  books,  such  as  those  by 
Tschirch,  Dietrich,  and  Seeligmann. 

Dr.  Wolff  discusses  the  occurrence  of  the  balsams  and  resins 
in  certain  organs  of  plants;  Tschirch's  chemical  classification 
of  resins;  chemical  and  physical  methods  of  testing  resins. 
In  Chapter  2,  the  author  discusses  the  composition,  chemical 
tests  for,  and  uses  of:  seven  balsams;  three  resinotannol-resins 
(acaroid,  benzoin,  dragonsblood) ;  three  resene-resins  (elerai, 
mastic,  dammar);  four  resinol-acid  resins;  a  resinol  resin  (guai- 
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acum);  the  ahphato-resins;  the  gluco-resins;  eight  different  gum 
resins;  the  lacto-resins;  and  the  enzymo-resins.  Five  pages  are 
devoted  to  the  artificial  resins — cumarone  and  "formolite" 
(phenol-formaldehyde  condensation  products). 

Part  II  covers  33  pages  devoted  to  varnishes  and  lacquers, 
driers,  solvents,  linseed-oil-vamishes,  stand  oil  (or  lithographic 
oil),  oil  lacquers,  volatile  lacquers,  water  lacquers,  sealing  wax, 
and  the  testing  of  varnishes  and  lacquers.  Twelve  pages  are 
devoted  to  tables  showing  properties  of  the  acids  of  the  prin- 
cipal resins,  the  resinic  acids  of  various  turpentines,  the  ester 
resins,  the  gum  resins,  solubihty,  acid  and  saponification 
numbers  of  the  balsams  and  resins,  and  the  properties  of  twenty 
common  solvents.  The  articles  on  cellulose  acetate  lacquers 
and  cumarone  resins  will  be  of  interest  to  many  who  are  interested 
in  protective  coatings  and  waterproofing  agents.  The  booklet 
is  printed  in  clean-cut  Roman  type  and  is  supplied  with  a  good 
index.  The  work  of  the  author  as  court  expert  for  the  Chamber 
of  Commerce  in  Berlin  is  a  guarantee  of  the  authoritative  charac- 
ter of  the  text.  Chemists  desiring  a  concise  review  of  the  resin 
and  varnish  industry  will  do  well  to  procure  the  booklet  for 
perusal. 

Frederic  Dannerth 

Patents  and  Chemical  Research.     By  H.  E.  Potts.    198  pp. 
University  Press  of  Liverpool,  1921.    Price,  8s.  6d. 

This  is  an  able  presentation  in  condensed  form  of 'the  elemen- 
tary principles  of  English  patent  law  in  the  language  of  the  chem- 
ist-layman. 

The  author  is  an  experienced  English  patent  agent  and  he 
addresses  himself  primarily  to  the  director  of  industrial  chemical 
research  and  to  the  manager  of  the  chemical  manufacturing  plant. 
The  impelling  purpose  of  the  book  is  stated  in  the  preface  as 
follows: 

Therefore  it  is  most  desirable  that  chemists  should  familiarize  themselves 
with  the  leading  principles  of  patent  law;  first,  to  enable  them  to  cooperate 
with  the  patent  agent  and  thus  contribute  to  the  object  of  obtaining  secure 
protection  for  their  inventions,  and,  second,  so  that  their  criticism  will 
stimulate  patent  agents  to  maintain  the  highest  level  of  professional  skill. 
In  this  way,  better  work  will  be  done,  and  the  greatest  benefits  will  be 
derived  from  the  patent  system. 

Throughout  the  text,  hypothetical  as  well  as  actual  chemical 
cases  are  freely  used  with  remarkable  success  for  purposes  of 
illustration.  The  first  chapter  is  entitled  "Patents  as  an  Element 
of  Business  Policy,"  and  deals  especially  with  the  relative  ad- 
vantages of  patenting  as  against  secret  working  as  a  means  of 
protecting  valuable  chemical  processes  under  the  EngUsh  law. 
The  remaining  chapters,  except  the  last,  deal  with  the  cardinal 
principles  of  the  English  patent  system.  The  last  chapter  treats 
briefly  of  the  patent  systems  of  other  coimtries. 

The  book  is  well  indexed  but  one  might  wish  for  more  clearly 
marked  subdivisions  of  the  subject  matter  of  the  different  chap- 
ters. There  is  a  special  index  of  cases,  and  subject  titles  of  many 
of  these  cases  are  given  in  chemical  terms — a  distinct  help  to  the 
chemist-reader. 

The  exposition  primarily  concerns  the  EngUsh  patent  system 
rather  than  that  of  the  United  States,  and  although  many  fimda- 
mental  concepts  are  common  to  both  systems  it  may  not  be  amiss 
to  caution  the  American  chemist-reader  against  applying  too 
directly  in  this  coimtry  conclusions  derived  from  a  study  of  this 
book  alone.  The  chapter  entitled  "Patents  in  Other  Coimtries" 
will  be  helpful  in  indicating  the  numerous  possible  pitfalls  in  this 
direction. 

In  the  opinion  of  the  reviewer  no  single  publication  in  recent 
years  has  greater  potentialities  for  increasing  the  real  effectiveness 
of  systematic  industrial  research  than  the  appearance  of  this  book. 
A  corresponding  book  dealing  primarily  with  the  United  States 
patent  system  is  greatly  to  be  desired. 

A.  S.  McDaniel 
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Chile  still  awaits  a  betterment  in  the  nitrate  trade  of  Europe 
and  the  United  States.  The  prices  on  nitrate  which  were 
fixed  on  October  27,  1921,  terminate  on  Jime  30,  1922,  and 
lower  prices  are  anticipated  thereafter.     (P.  546) 

The  year  1921  was  marked  by  an  exceedingly  acute  depression 
in  the  iron  ore  mining  industry  of  Vizcaya,  Spain,  the  chief 
source  of  wealth  of  that  district.     (Pp.  569-70) 

In  order  to  direct  intelligently  the  work  of  searching  for 
petroleum  in  Australia  and  New  Guinea,  the  State  Minister  of 
Mines  for  New  South  Wales  has  announced  that  the  State 
Government  of  that  territory  will  assist  the  prospectors  by 
advice  and  by  subsidizing  operations  conducted  at  approved 
sites.     (P.  573) 

The  quantity  of  shale  oil  produced  in  Australia  during  the  year 
ending  June  30,  1920,  was  1,539,438  gal.,  and  for  the  succeeding 
fiscal  year,  2,612,976  gal.  Shale  deposits  are  found  in  numerous 
places  in  New  South  Wales,  and  it  is  asserted  by  the  minister  of 
mines  for  that  territory  that  these  deposits  are  the  richest  in  the 
world.  It  is  further  stated  that  there  is  enough  petrol  in  two  of 
the  sections  alone  to  keep  Australia  for  years  absolutely  inde- 
pendent of  the  outside  world  market  if  the  present  methods  of 
extracting  oil  from  the  shale  prove  successful.     (P.  573) 

The  oil  industry  in  Poland  has  recently  undergone  a  beneficial 
change  because  government  restrictions  have  been  very  largely 
abandoned  in  favor  of  free' trade,  both  for  domestic  and  export 
business.  The  Bureau  of  Foreign  and  Domestic  Commerce  has 
on  file  statistics  showing  domestic  and  foreign  deliveries  of 
Polish  oil  in  1920.     (P.  573) 

The  petroleum  fields  of  Mendoza-Neuquen  are  described.  (Pp. 
573-4) 

The  Bureau  of  Foreign  and  Domestic  Commerce  has  on  file 
a  report  from  Consul  Henry  D.  Baker  relative  to  the  occurrence 
of  oil  in  Trinidad.     (P.  574) 

Beginning  with  January  1,  1922,  the  use  of  the  metric  system 
of  weights  and  measures  is  required  in  Lithuanian  conmiercial 
and  industrial  establishments.     (P.  590) 

An  account  of  the  working  of  the  phosphate  deposits  of  Nauru 
and  Ocean  Islands  has  just  been  published  in  a  report  by  the 
British  senior  trade  commissioner  of  Australia.     (P.  594) 

A  possible  market  for  chemical  fertilizers  is  reported  in  Indo- 
China.     (P.  594) 

Details  in  regard  to  the  effect  on  the  Scotch  textile  industries 
of  the  British  embargo  now  placed  on  foreign  dyestuffs  may  be 
had  upon  application  to  the  Textile  Division  of  the  Bureau  of 
Foreign  and  Domestic  Commerce.     (P.  616) 

During  the  first  months  of  1921  about  half  of  the  automobiles 
in  Pernambuco  were  using  alcohol  fuel,  but  to-day  90  per  cent 
of  these  vehicles  have  resumed  the  use  of  gasoline.  The  reasons 
for  this  decline  in  the  use  of  alcohol  fuel  are  given  and  it  is  claimed 
that  in  spite  of  this  abandonment  of  alcohol  as  a  motor  fuel 
everyone  in  Pernambuco  still  believes  that  alcohol  is  the  future 
automobile  fuel  and,  furthermore,  considers  it  a  patriotic  duty 
as  well  as  an  economy  to  use  alcohol.     (Pp.  621-2) 

The  United  States  petroleum  export  trade  in  1921  is  reviewed. 
The  report  includes  charts  giving  graphic  presentation  of  exports 
by  months  for  the  years  1920  and  1921,  as  well  as  tables  giving 
statistics  of  exports  for  the  same  period.     (Pp.  638-40) 

A  record  shallow  well  has  been  drilled  in  the  Tampico  oil 
fields,  the  daily  production  of  which  is  estimated  at  60,000  bbls. 
<P  640) 


The  exploration  of  Bolivian  oil  fields  by  Swedish  and  German 
geologists  is  announced,  but  it  is  probable  that  the  extraction 
will  not  begin  for  several  years  owing  to  the  difficult  nature  of 
the  country.     (P.  640) 

The  period  for  the  sale  of  saccharin  as  a  substitute  for  sugar  in 
Italy  has  been  extended  to  June  30,  1922.  Saccharin  imported 
under  this  provision  is  admitted  free  of  duty.     (P.  650) 

The  operation  of  the  copper  mines  in  Mexico  will  soon  be 
resumed.     (P.  654) 

A  mining  company  in  China  is  prepared  to  supply  metallur- 
gical manganese  to  the  extent  of  40,000  tons  per  annum  and 
chemical  manganese  in  small  tonnage,  the  composition  of  the 
various  grades  being  guaranteed.  Fiulher  information  may  be 
secured  from  the  Far  Eastern  Division,  Bureau  of  Foreign  and 
Domestic  Commerce.     (P.  656) 

The  production  of  Alsatian  potash  during  1921  shows  a  con- 
siderable decrease  as  compared  to  1920.     (P.  660) 

Statistics  are  given  showing  the  production  of  crude  oil  in 
Rumania  during  1920  and  1921.     (Pp.  700-1) 

Petroleiun  possibilities  in  the  Cadiz,  Spain,  Consular  District 
are  announced.  The  ofiicials  are  very  hopeful  of  important 
developments,  provided  foreign  companies  can  be  sufficiently 
interested  to  explore  the  fields  thoroughly.     (P.  701) 

The  revised  Spanish  tariff,  which  went  into  effect  February 
16,  1922,  contains  important  changes  in  duties  on  the  following 
American  products:  scientific  apparatus;  chemicals,  including 
aniline  oils,  caustic  soda  and  caustic  potash,  slag,  superphos- 
phate of  lime;  dyes  and  dyestuffs,  coal  tar;  and  petroleum  prod- 
ucts.    (Pp.  712-3) 

Certain  Italian  export  restrictions  have  been  removed  on 
ingots  of  gold  and  silver  containing  platinum,  mineral  oils  in- 
cluding petroleum,  benzine,  and  charcoal.     (P.  714) 

Preparations  are  under  way  for  the  exploitation  on  a  large 
scale  of  the  potash  deposits  near  Suria,  Spain.  It  is  believed 
that  agriculture  will  be  given  a  great  impetus  by  the  develop- 
ment of  these  potash  deposits.     (P.  723) 

The  value  of  mineral  production  in  Canada  in  1921  was  $170- 
000,000  as  compared  with  $227,859,665  in  1920.     (P.  724) 

Bleached  pulp  for  the  manufacture  of  newsprint  which  is 
being  made  in  New  South  Wales  has  been  officially  inspected 
and  approved.  The  pulp  is  made  from  the  mountain  gum  tree, 
of  which  immense  tracts  are  available.     (P.  762) 

Regulations  relative  to  carrying  out  provisions  of  the  Ecuado- 
rean  law  relative  to  petroleum  concessions  may  be  consulted  in 
the  Bureau  of  Foreign  and  Domestic  Commerce.     (P.  762) 

The  Fuel  Division  of  the  Bureau  of  Foreign  and  Domestic 
Commerce  has  on  file  a  statement  that  an  electrochemical  proc- 
ess has  been  perfected  for  the  manufacture  of  metallic  calcitun 
and  of  97.5  per  cent  caustic  soda,  free  from  chloride  of  soda.  It 
is  claimed  for  the  process  that  it  is  much  cheaper  than  others 
now  in  use.     (P.  763) 

Important  changes  in  import  duties  affecting  the  following 
American  products  are  imposed  by  the  revised  New  Zealand 
tariff:  calcium  carbide;  cottonseed  oil;  linseed  (bulk);  benzene; 
gasoline;   kerosene;  crude  petroleum;  paints,  and  colors.    (Pp. 

778-81) 

Statistics  are  given  relative  to  the  gum  arable  trade  of  the 
Sudan.     (P.  786) 

Spucial  Suppi.bments  Issugd 

Trade  of  Fkhncii  Wbst       Tr.ide  of  Straits  Skt- 

Afkica  for  1920  tlkmunts  for  1920 

Senkgai,  Trade   of   TuRKBV   for 

Daiiomuy  1920 

Frbnch  Guinba  Trinidad  and  Tobago 


Brazii, 

British  Wbst  Indies 

PORTUOAl. 

Spain 

United  Kingdom 
Bradford 


Statistics  of  Exports  to  Tim  Unitbd  States 
Brazil  and  Peru —  Tunis — (P.  S91)  Cairo — (P  786) 

(P.  571)  Marjornm 

Rubber  Olive  oil 

Cbylon— (P.  591)  Argentine— (P.  052) 

Rubber  I.tnsced 


Gum  limbic 
Oil,  crude,  fuscL 
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NEW  BOOKS 

Clinical  Diagnosis:  A  Textbook  of  Clinical  Chemistry  for  Medical  Students. 
Laboratory  Workers,  and  Practitioners  of  Medicine.  Charles  Phillips 
Emerson.  5th  edition,  rewritten.  726  pp.  Price,  $7  50.  J.  B.  Lippin- 
cott  Co.,   Philadelphia. 

Coal:  Its  Properties,  Analysis,  Classification,  Geology,  Extraction,  Uses 
and  Distribution.  Euwood  S.  Moore.  462  pp.  142  figures.  Price. 
$5.00.     John   Wiley   &  Sons,   Inc.,   New   York. 

Colloid  Chemistry  of  the  Proteins.  Part  I.  Wolfgang  Pauli.  Trans- 
lated by  P.  C.  L.  Thorne.  140  pp.  Price,  8s.  6d.  J  &  A.  Churchill, 
London. 

Combustion:  The  Chemistry  of  Combustion.  J  Newton  Friend.  110 
pp.     Price,  4s.  net.     Gurney  &  Jackson,  Loudon, 

Dictionary:  Dictionnaire  Anglais-Frangais-Allemand  de  Mots  et  Locutions 
Interessant  la  Physique  et  la  Chimie.  T.  Cornubert.  300  pp.  Price, 
47fr.     Dunod,    Paris. 

Electrodynamics:  An  Introduction  to  Electrodynamics  from  the  Standpoint 
of  the  Electron  Theory.  Leigh  Page.  134  pp  Illustrated.  Price, 
S2.00.      Ginn     &    Co.,     Boston. 

Engineering  Drawing:  An  Introduction  to  Engineering  Drawing.  J. 
DtlNCAN.  158  pp.  Illustrated.  Price,  $1.40.  The  Macmillan  Co. 
New    York 

Explosives:  Technical  Records  of  Explosives  Supply,  1915-1918.  No.  5. 
Manufacture  of  Sulfuric  Acid  by  Contact  Process.  128  pp.  Illustrated. 
Price,  26s.  No.  8.  Solvent  Recovery.  22  pp.  Price,  3s.  3d.  Minis- 
try OF  Munitions  and  Department  of  Scientific  and  Industrial 
Research      H.  M.  Stationery  Office,  London 

Fire  Assaying:  A  Textbook  of  Fire  Assaying.  Edward  E.  Bugbee.  254 
pp.     51  figures.     Price,  $3  00  net.     John  Wiley  &  Sons.  Inc.,  New  York. 

Fuel  and  lubricating  Oils  for  Diesel  Engines.  W.  Schenker  126  pp. 
Price,  $3.00.     D.  Van  Nostrand  Co.,  New  York. 

Fuel  and  Refractory  Materials.  A.  H.  Sexton  and  W  B.  Davidson. 
New  edition,  revised  and  enlarged.  Illustrated.  382  pp.  Price.  $4  00. 
D.  Van  Nostrand  Co  ,  New  York. 

Gas:  The  Distribution  of  Gas.  Walter  Hole.  4th  edition,  rewritten 
and  enlarged.  699  pp.  Illustrated.  Price.  50s.  net  Benn  Bros., 
Ltd.,   London. 

Gas:  Messung  Grosser  Gasmengen.  L.  Litinsky.  Chemical  Technology 
Series,  edited  by  A.  BiNZ  274  pp.  Price,  paper,  525  M,  bound,  5S5  M. 
Otto  Spamer,  Leipzig. 

Gas  Chemists'  Handbook.  Compiled  by  Chemical  Committee,  Tech- 
nical Section  of  American  Gas  Association.  2nd  edition.  60S 
pp      Price,  $6.00.     American  Gas  Association,  New  York. 

Geologie  et  Mineralogie  Appliquees  a  I'Art  de  I'lngenieur.  L.  de  Launay. 
418  pp.      Price,    50   fr.      J.-B.    Bailliere   et   Fils,    Paris. 

Heat  Conduction:  Introduction  to  the  Mathematical  Theory  of  the  Conduc- 
tion of  Heat  in  SoUds.  H.  S.  Carslaw.  2nd  edition,  revised.  2C8 
pp.     Illustrated.     Price,  $9.00.     The   Macmillan   Co.,   New   York. 

Heating  and  Ventilation.  John  R  Allen  and  J  H  Walker.  2nd 
edition.  330  pp  Illustrated.  Price.  $3  50.  McGraw-Hill  Book  Co., 
Inc.,  New  York. 

History  of  Chemistry:  A  Concise  History  of  Chemistry.  T.  P  Hilditch. 
2nd  edition,  revised.     276  pp.     Price,  6s.     Methuen  &  Co.,  Ltd.,  London. 

Industry  and  Human  Welfare.  William  L.  Chenery.  Price.  $i.75. 
The   Macmillan   Co.,   New   York. 

Isotopes.  F.  W.  Aston.  152  pp.  Price,  9s.  Edward  Arnold  &  Co., 
London. 

Liquid  Fuel:  Burning  Liquid  Fuel;     A  Practical  Treatise  on  the  Perfect 
Combustion  of  Oils  and  Tars,  Giving  Analysis,  Calorific  Values  and  Heat- 
ing Temperatures  of  Various  Gravities;    with  Information  on  the  De- 
sign and  Proper  Installation  of  Equipment  for  All  Classes  of  Service. 
William    Newton    Best.     Revised    and    enlarged    edition.     341    pp. 
Price,  $5.00.     U.  P.  C.  Book  Co.,  New  York. 
Medical  Research  Report:    Report  of  the  Medical  Research  Council  for 
the    Year    1920-21.     114    pp.     Price,    3s.    6d.    net.     H.    M.    Stationery 
Office,   London. 
Metallography:    An  Introduction  to  the  Study  of  Metallography  and  Ma- 
crography.     LfiON  Guillet  and  A.  Portevin.     Translated  by  L.  Tavbr- 
NER.     289  pp.     Price,  30s.     G.  Bell  &  Sons.  Ltd.,  London. 
Oil  Encyclopedia.     Marcel   Mitzakis.     551   pp.     Price,   21s.     Chapman 
&  Hall,  Ltd.,  London. 


Oils:  Chemical  Technology  and  Analysis  of  Oils,  Fats  and  Waxes.  Julius 
IsiDOR  Lewkowitsch.  Edited  by  George  H.  Warburton.  6th 
edition,  rewritten  and  enlarged.  Price,  $12.00.  The  Macmillan  Co., 
New  York. 

Papier.  G.  Dal6n  Einzelschriften  zur  Chemischen  Technologie.  Edited 
by  Th.  Weyl.  Vol.  I  Pt.  1.  2nd  edition.  122  pp.  Price,  25  M. 
J     B.    Barth,   Leipzig. 

Petroleum.  A  Treatise  on  the  Geographical  Distribution  and  Geological 
Occurrence  of  Petroleum  and  Natural  Gas;  the  Physical  and  Chemical 
Properties,  Production,  and  Refining  of  Petroleum  and  Ozokerite;  the 
Characters  and  Uses,  Testing,  Transport  and  Storage  of  Petroleum 
Products,  and  the  Legislative  Enactments  Relating  Thereto,  Together 
with  a  Description  of  the  Shale-Oil  and  Allied  Industries.  Sir  B.  Red- 
wood. 4th  edition,  revised  and  rewritten.  3  vols.  1383  pp.  Illus- 
trated.    Price,    set,    $39.00.     D.    Van    Nostrand    Co.,    New    York. 

Physico-chemical  Problems  Relating  to  the  Soil.  Report  of  General 
Discussion  Held  by  the  Faraday  Society.  368  pp.  Price.  10s.  6d 
net.      The    Faraday    Society,    London. 

Potash,  Sydney  J.  Johnstone.  New  edition,  revised  and  enlarged. 
122    pp.     Price,    6s     net      John    Murray,    London. 

Practical  Physiological  Chemisay:  A  Book  Designed  for  Use  in  Courses 
in  Practical  Physiological  Chemistry  in  Schools  of  Medicine  and  of  Science. 
Philip  Bovter  Hawk.  7th  edition,  revised.  675  pp.  Illustrated. 
Price,  $5.00.     P.   Blakiston's  Son  &  Co.,   Philadelphia. 

Qualitative  Analysis:  An  Outline  of  Qualitative  Analysis  of  Inorganic 
Substances.  Horace  G.  Byers.  227  pp.  Price,  $2.00.  D.  Van 
Nostrand  Co.,  New  York. 

Rubber.  Edith  A.  Brown.  88  pp.  Illustrated.  2nd  edition.  Price, 
$1.50.     The    Macmillan    Co.,    New    York 

Soap-Making  Manual.  A  Practical  Handbook  on  the  Raw  Materials, 
Their  Manipulation,  Analysis  and  Control  in  the  Modern  Soap  Plant. 
E.  G,  Thomssen,  251  pp.  Illustrated.  Price,  $4.00,  D.  Van  Nostrand 
Co.,    New    York. 

Turbines  i  Vapeur.  M.  Poincet.  336  pp.  Illustrated.  Price.  35  fr. 
J.-B.  Bailliere  et  Fils,  Paris. 

Universities  and  Scientific  Life  in  the  United  States.  Maurice  Caullery. 
286  pp.      Price,  $2,50.      Harvard   University  Press.   Cambridge. 

Zirconium  and  Its  Compounds.  Francis  P.  Venable.  A.  C.  S.  Mono- 
graph Series.  173  pp.  Price,  $2  50.  Chemical  Catalog  Co.,  Inc..  New 
York 

RECENT  JOURNAL  ARTICLES 

Ammonia:    The  Oxidation  pf  Ammonia.     C.  S.  Imison  and  W.  Russell. 
Journal  of  the  Society  of  Chemical  Industry,  Vol.  41   (1922),  No.  4,  pp. 
37(-45/. 
Atoms  and  Isotopes.     Ellwood  Hendrick.     Chemical  and  Metallurgical 
Engineering,  Vol.  26  (1922),  No.  13,  pp   583-87. 

Cellulose:  Problems  of  Cellulose  Chemistry.  Emil  Hbuser  Paper, 
Vol.  29  (1922),  No.  23,  pp.  7-10. 

Clay:  Suggested  New  Methods  in  the  Preparation  of  Dust-Pressed  Bodies. 
H.  Spurrier.  Journal  of  the  American  Ceramic  Society,  Vol.  5  (1922), 
No.    3,    pp.    151-56 

Coal:  Bituminous  Coal  as  Generator  FueL  W.  A.  Dunkley.  American 
Gas  Journal,  Vol.  116  (1922),  No,  11  (whole  No.  3341),  pp.  249-52, 
260-01. 

Coal:  Neue  Beitrage  zur  Enstehung  und  Chemischen  Struktur  det  Eohle. 
Franz  Fischer  and  Hans  Schrader  Brennstoff-Chemie,  Vol.  3 
(1922),  No     5,    pp.    65-72 

Flue-Gases:  Practical  Interpretation  of  Automatically  Recorded  Volu- 
metric Percentages  of  CO;  in  Flue-Gases.  W  E.  Appleby.  Chemi- 
cal Engineering  and  Mining  Review,  Vol.  14  (1922),  No.  161.  pp.  156-60. 

Fluorspar  in  Open-Hearth  Practice.  S.  Schleicher.  The  Iron  Age, 
Vol.  109  (1922).  No.  11,  pp.  783-S4.     Translated  from  Stahl  und  Eisen. 

Fuel:  Causes  and  Prevention  of  Power  and  Fuel  Wastes.  H.  D.  Martin. 
Color   Trade  Journal,  Vol,   10  (1922),  No.  3,  pp.  9S-103. 

Glass:  Some  Aspects  of  Science  Applied  to  the  Glass  Industry.  C.  H. 
Kerr.      The  Class  Industry.  Vol,  3  (1922),  No.  4,  pp.  69-71 

G'ass:  An  Autoclave  Test  for  the  G.ading  of  Chemical  Glassware.  W. 
L.  Baillie  and  F.  E,  Wilson.  Journal  of  the  Society  of  Chemical  In- 
dustry,   Vol.   41    (1922),    No,    4,   pp.   4.5(-5.)/. 

Iron  and  Steel  Classified  for  Designers.  William  J.  Mertsn.  Forging 
and  Heat  Treating,  Vol.  8  (1922),  No.  3,  pp.  155-60. 

Iron:  Researches  on  the  Electrodeposition  of  Iron.  W.  E.  Hoghbs. 
Brass   World,  Vol.   18  (1922),  No.  3,  pp.  80-85. 
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Metallurgy:  The  Correlation  of  Metallurgical  Statistics.  H.  A  White 
Journal  of  the  Chemical,  Metallurgical  and  Mrnins  Society  of  South  Africa, 
Vol.  22  (1921),  No.  6,  pp    97-100. 

Monel  Metal,  A  Natural  Nonferrous  Alloy.  Morris  A.  Hai.1,.  Brass 
World.  Vol.  18  (1922).  No.  3,  pp,  70-79. 

Open-He.irth  Furnaces:  Design  of  Open-Hearth  Furnaces.  A.  D.  Wil- 
liams. The  Iron  Age,  Vol.  109  (1922).  No.  9,  p.  ,577;  No.  11.  p.  717; 
No.    Ki.    pp.    S.'ia-SS. 

Sewage:  Further  Experiments  with  Activated  Sludge.  E.  Hannaford 
Richards  and  G.  C.  Sawybr,  Journal  of  the  Society  of  Chemical  In- 
dustry, Vol.  41   (1922),  No.  5,  pp.  e2(-72(. 

Steel:  Influenza  della  Temperatura  suUe  Propriety  Meccaniche  della 
Ghlsa.  F,  Graziana.  Giornale  di  Chimica  Industriale  ed  Applicata, 
Vol.  4  (1922).  No.  2.  pp.  53-50. 

Tanning:  A  Critical  Study  of  the  Determination  of  the  Active  Constituents 
of  Synthetic  Tanning  Materials  by  the  Hide  Powder  Method.  S.  Kohn, 
J.  Brbsdis  and  E.  Crede.  Journal  of  the  American  Leather  Chemists 
Association,  Vol.   17   (1932),  No.  4,  pp.   166-80. 

Tin;  The  Metallurgy  of  Tin.  Walter  H.  Jacobson.  The  Metal  In- 
dustry, Vol.  20  (1922),  No.  3,  pp.  103-5. 

Water  Resistant  Glues:  Casein  and  Blood  Albumin.  Robert  Herman 
BOGUE.      Chemical  Age,  Vol.  30  (1922).  No.  3,  pp.   103-6. 

Wood:  Proper  Use  of  Wood  in  Connection  with  Dyehouses  and  Bleacheries. 
Joseph  Woodman,      Textile  Colorist,  Vol.  44  (1922),  No.  520,  pp.  245-47. 

GOVERNMENT    PUBLICATIONS 

Notice — Publications  for  which  price  is  indicated  can  be  purchased  from 
the  Superintendent  of  Documents,  Government  Printing  OJice,  Washington, 
D.  C.  Othtr  publications  can  usually  be  supplied  from  the  Bureau  or  De^ 
partment  from  which  they  originate. 

Bureau  of  Mines 

Accidents  at  Metallurgical  Works  in  the  United  States  during  the  Calendar 

Year   1920.     W.   W.   Adams.      Technical   Paper  297.     28  pp.     Paper,   5 

cents. 
Analysis  of  Detonating  and  Priming  Mixtures.     C.  A.  Taylor  and  W.  H. 

Rinkenbach.      Technical  Paper  282.     33  pp.     Paper,  5  cents. 
Analytical   Distillations   of   Typical   Shale   Oils.     M.    J.    Gavin.     Reports 

of  Investigations  2332.     12  pp.     Issued   March   1922. 
Bibliography  of  Literature  on  Sampling.     Compiled  by  W.  J.  Sharwood 

AND    M.    W.    VON    Bernewitz.      Reports    of  Investigations    2336.     1    p. 

Issued  March  1922. 
Drilling  and   Dustiness  of   Metal-Mine   Air.     D.    Harrington.     Reports 

of  Investigations  2339.     6  pp.     Issued  March  1922. 
Epsomite.     R.  B.  Ladoo.     Reports  of  Investigations  2333.     5  pp.     Issued 

March   1922. 
Fighting  a  Mine  Fire  with  Its  Own  Gases.     C.  A,  Allen  and  A.  C.  Watts. 

Reports  of  Investigations  2325.     S  pp.     Issued  February  1922. 
Metal-Mine  Accidents   in  the   United   States   during  the   Calendar  Year 

1920.     W.  W.  Adams.      Technical  Paper  299.     99  pp.     Paper,  10  cents. 

1922. 

Performance  of  Fan-Pipe  Installations  in  Metal  Mines.  D.  Harrington. 
Reports  of  Investigations  2320.     4  pp.     Issued  February  1922. 

Physiological  Effects  of  Exposure  to  Low  Concentrations  of  Carbon  Mon- 
oxide. R.  R.  Savers,  F,  V,  Meriwether  and  W.  P.  Yant.  Reports 
of  Investigations  2338.     G  pp.     Issued  March  1922, 

Procedure  for  Establishing  a  List  of  Permissible  Carbon  Monoxide  Indi- 
cators. Fees,  Character  of  Tests,  and  Conditions  under  Which  Indica- 
tors Will  Be  Tested.     Schedule  18.     7  pp. 

Production  of  Gasoline  by  Cracking  Heavier  Oils,  E.  W.  Dean  and  W. 
A.  Jacobs.      Technical  Paper  258.     Paper,  5  cents. 

Quarry  Accidents  in  the  United  States  during  the  Calendar  Year  1920. 
Technical    Paper   295.     00   pp.     Paper    10   cents.      1922. 

Recent  Articles  on  Petroleum  and  Allied  Substances.  Compiled  by  E. 
H.  Burroughs.  Reports  of  Investigations  2330.  53  pp.  Issued  Febru- 
ary 1922. 

Specifications  for  Petroleum  Products  Adopted  by  the  Interdepartmen- 
tal Petroleum  Specifications  Committee,  Effective  January  23,  1922. 
Amended  March  1,  1922.  These  specifications  have  beeu  officially  adopted 
by  the  Federal  Specifications  Board  for  the  use  of  the  various  departments 
and  independent  establishments  of  the  Government.  Technical  Paper 
305,     40  pp.     Paper,  5  cents. 

Summarized  Reports  of  Principal  Investigations  Being  Conducted  by  the 
Bureau  of  Mines  for  Fiscal  Year  beginning  July   1,   1921.      IHO  pp. 

Test  of  Band  Extinguishers  on  Zinc-Dust  Fires.  S.  H.  Katz  and  J.  J. 
Bloomfibld.  Reports  of  Investigations  2335.  0  pp.  Issued  March 
1922. 

The  Northwest  Experiment  Station  of  the  Federal  Bureau  of  Mines,  C. 
E.  Williams.  Reports  of  Investigations  2337.  4  pp.  Issued  March 
1922. 


The   Smoke   Problem.     O.    P.    Hood.      Reports   of  Investigations   2323.     5 

pp.     Issued  February  1922. 
The  Use  of  Electrolytes  in  the  Purification  and  Preparation  of  Clays.     H. 

G.  ScnuHECHT,      Technical   Paper  281.     47  pp.    Paper,   10  cents. 
Use  of  Low-Pressure  Gas  Burners  in  Oil-Feed  Boilers.     M.  P.  Youker. 

Reports  of  Investigations  2329.     8  pp.      Issued  February  1922. 

Bureau  of  Standards 
Weighing  by  Substitution.     C.  A.   Briggs  and  E.   D.  Gordon.      Techno- 
logic  Paper  208.     Paper,  5  cents. 

Congress 
Tariff:   An   Act   to    Provide  revenue,  to  regulate  commerce   with  foreign 
countries,  to  encourage  the  industries  of  the  United  States,  and  for  other 
pu.poses.      H.   R     7456.      Report    595.      Reported    by    Mr.    McCumber 
with  amendments  April  10,  1922  (Calendar  Day,  April   11).     438  pp. 

Congressional  Committees 

Decimal  System.  American  decimal  system  of  weights  and  measures, 
by  Samuel  Russell.     Statement,   December  20,   1921.     20  pp       1922. 

Hearings  before  the  Committee  on  Finance,  United  States  Senate,  o» 
the  Proposed  Tariff  Act  of  1921  (H.  R  7450)  Free  List.  Revised  and 
Indexed.     093  pp. 

Metric  System.  Ladd  Metric  Bill,  Its  Fallacy  and  Futility.  Statement 
of  Samuel  Russell,  December  16,  1921.     8  pp.     1922. 

Metric  System.  Statement  by  Samuel  S.  Dale  at  hearings  before  sub- 
committee on  S.  2267,  to  fix  metric  system  of  weights  and  measures  for 
certain  uses,  December  14,  1921.     24  pp.     1922. 

Muscle  Shoals  Propositions.  Hearings  before  the  Committee  on  Military 
Affairs,  House  of  Representatives 

Part  II — Statements  of  F.  D.  Mahoney  (Alabama  Power  Co.),  Hon  S. 
Hubert  Dent,  Jr.,  Thomas  W.  Martin  (President,  Alabama  Power 
Co  ),  Hon.  William  B.  Oliver,  M.  C,  Alabama,  Major  John  G.  Booton, 
Ordnance  Department,  U.  S.  A.     February  27-March  2,  1922.      195  pp. 

Part  12 — Statements  of  Frederick  E.  Engstrum,  Hon.  Marion'  Butler, 
Thomas  W.  Martin,  Francis  E.  Frothingham  J.  H.  Levering. 
William  B.  Mayo,  Gray  Silver,  Hon.  William  B.  Oliver,  Hon. 
Ed,  B.  Almon,  Hon.  William  B.  Bankhead.  Hon.  Joseph  W.  Bypns, 
Hon  John  McDuffib,  Col.  J.  W.  JovES  and  Dr.  Charlbs  L.  1  arsons. 
March  3,  6,  7.  8    10,  and  13,  1922.     240  pp. 

Department  of  Commerce 
Artificial  Dyestuffs   Imported   into   the    United    States    1913-14.     Supple- 
mental Statistics  to  Accompany  Agents  Series   121.     47  pp. 

General  Supply  Committee 
Specifications  and  Proposals  for  Supplies,  Fiscal  Year  1923.    Class  4.    Drugs 
and  Medicines,  and  Chemicals.     34  pp. 

Geological  Survey 

Cement  in    1920.     E.    F.    Burchard.     Separate   from   Mineral   Resources 

of  the  United  States,  1920,  Part  II.     20  pp.     Published  March  7,  1922. 
Field  Examination  of  Water.     W.  D    Collins.     13  pp. 
Quicksilver  in  1920.     F.  L.  Ransome.     With  a  Supplementary  Bibliography. 

I.   P.   Evans.     Separate  from  Mineral  Resources  of  the  United  States, 

1920,   Part  I.     21   pp.     Published  March  27,   1922. 
Stone  in  1920.     G.  F.  Loughlin  and  A.  T.  Coons.     Separate  from  Mineral 

Resources  of  the  United  States,  1920,  Part  II.     38  pp.     Published  March 

6,  1922. 

Labor  Statistics  Bureau 
Carbon  Monoxide  Poisoning.     Alice  Hamilton       Bulletin  291.     Industrial 
Accidents  and   Hygiene  Series.     47  pp.     Paper,   10  cents. 

Public  Health  Service 

City  Health  Officers,  1921,  Directory  of  Those  in  Cities  of  10,000  or  More 
Population.  Reprint  702  from  Public  Health  Reports.  12  pp.  Paper, 
5  cents. 

Improved  Method  for  the  Preparation  of  Vitamin-Activated  Fuller's  Earth. 
Atherton  Seidell.       Public    Health   Reports  37  (April  7,  1922).  801-3. 

Keeping  Qualities  of  Market  Samples  of  Neoarsphenamine  While  in  Am- 
pule. G.  B.  RoTll.  Reprint  700  from  Public  Health  Reports.  19 
pp.      Paper,  5  cents. 

State  and  Insular  Health  Authorities,  1921:  Directory,  with  Data  as  to 
Appropriations  and  Publications.  Reprint  706  from  Public  Health  Re- 
ports.    20  pp.      Paper,  5  cents. 

The  Loading  of  Filter  Plants.  H  W.  Sirbeter.  Public  Health  Reports 
37  (March  31,  1922).  741-,53. 

United  States  Public  Health  Service,  Information  for  Persons  Desiring 
to  Enter  Regular  Coips  of  Service.  R.  C.  Williams.  Reprint  719  from 
Public  llfaltli  Reports.     0  pp. 

Tariff  Commission 

Tariff  Information  Surveys,  Revised  edition,  1922.  FL-21.  On  articles 
in  Paragrajilis  530-544  of  Tariff  Act  of  1913  and  related  urticlea  in  other 
paragraphs.     Cryolite,  graphite,  and  magnesite,     65  pp.     Paper,  5  cents. 
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First-hand  prices  for  goods  in  originai,  packages  prevailing  in  the  new  york  market 


Vol.  14,  No.  5 


INOBGANIC  CHEMICALS 

Apr.   1  Apr.  IS 

Acid,  Boric,  cryst.,  bbls lb.  .12«/i  .  12'/4 

Hydrochloric,  com'l,  20" lb.  .OIV.  .01i/» 

Hydrofluoric,  30  p.  c,  bbls... lb.  .07  .07 

Hydriodic,  sp.gr.  1.150 oz.  .19  .19 

Nitric, 42° lb.  .06«/i  -Oe'A 

Phosphoric,  50%  tech lb.  .09  .09 

Sulfuric,  C.  P lb.  .07  .07 

Chamber,  66°  tks.wks..  ton  16.00  16.00 

Oleum  207o ton  22.00  22.00 

Alum,  Ammonia,  lump lb.  .03Vi  .OS'/a 

Potash,  lump lb.  *.03iA  *.03'A 

Chrome lb.  .06'A  .06Vi 

Soda,  ground lb.  .03"A  .03Vi 

Aluminium  Sulfate  (iron-free) lb.  .02V2  .02'A 

Ammonium  Carbonate,  pwd lb.  •.07  •.07 

Ammonium  Chloride,  gran lb.  .07>/l  .07iA 

Ammonia,   Anhydrous lb.  .30  .30 

Ammonia  Water,  drums,  26° lb.  .07'A  .07'A 

Arsenic,  white lb.  .07  .  06"A 

Barium  Chloride ton  *80.00  ♦100.00 

Nitrate lb.  «.06  •.06 

Barytes,  white ton  28.00  28.00 

BleachingPowd.,35%,  works,  100  lbs.  1.75  1.75 

Borax,  cryst.,  bbls lb.  .05V>  .05>A 

Bromine,  pure,  wks lb.  .23  .23 

Calcium    Chloride,    fused,  f.  o.  b. 

N.   Y ton  24.50  24.50 

Chalk,  precipitated,  light lb.  .04  .04 

China  Clay,  imported ton  18.00  18.00 

Chlorine,  liquid lb.  .06  .06 

Copper  Sulfate 100  lbs.  5.40  5.40 

Feldspar ton  8.00  8.00 

FuUer's  Earth 100  lbs.  1.00  1.00 

Iodine,  resublimed lb.  4.05  4.05 

Lead  Acetate,  white  crystals lb.  .11  .11 

Nitrate lb.  .15  .15 

Red  American lb.  .08  .08 

White  American lb.  .07'A  .07'A 

Lime  Acetate 100  lbs.  1.75  1.75 

Lithium  Carbonate lb.  1.40  1.40 

Magnesium  Carbonate,  tech lb.  .06  .06 

Magnesite ton  72.00  50.00 

Mercury  flask 75  lbs.  49.00  50.00 

Phosphorus,  yellow lb.  *.25  *.25 

Red lb.  *.25  •.25 

Plaster  of  Paris bbl.  4.25  4.25 

Potassium  Bichromate lb.  .10  .10 

Bromide,  imported lb.  ^.17  *.16 

Carbonate,  calc,  80-85% lb.  .04'A  .04'A 

Chlorate,  cryst lb.  ^.06  '.06 

Hydroxide,  88-92% lb.  •.Oe  •.(» 

Iodide,  bulk lb.  3.15  3.15 

•Resale  or  Imported  (not  an  American  makers'  price). 


Potassium  {Concluded) 

Nitrate lb. 

Permanganate    U.  S.  P lb. 

Prussiate,   Red lb. 

Yellow lb. 

Salt  Cake,   bulk ton 

Silver  Nitrate oz. 

Soapstone,  in  bags ton 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76% 100  lbs. 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulflte,  powd lb. 

Chlorate lb. 

Cyanide,  96-98% lb. 

Fluoride,  technical lb. 

Hyposulfite,  bbls 100  lbs. 

Nitrate,  95% 100  lbs. 

Nitrite lb. 

Prussiate,    yellow lb. 

Phosphate  (di-sodium),  tech.  lb. 

Silicate,  40° lb. 

Sulfide,  60%  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Talc,  American,  white ton 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


AceUnilide.  US.  P.  bbls lb. 

Add,  Acetic,  28  p.  c 100  lbs. 

Glacial lb. 

Acetylsalicylic,  100  lbs lb. 

Benzoic,  U.  S.  P., ex-toluene,  .lb. 

Carbolic,  cryst.,  U.  S.  P.,drs..lb. 
50-  to  1 10-lb.  tins lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls. ,  wks lb. 

Pyrogallic,  resublimed lb. 

Salicylic,  bulk,  U.  S.  P lb. 

Tannic,  U.  S  P.,  bbls lb. 

Tartaric,  crystals,  U.  S.  P lb. 

Trichloroacetic,  U.  S.  P lb. 

Acetone,  drums lb. 

Alcohol,  denatured,  complete.  . .  .gal. 

Ethyl,  190  proof,  bbls gal. 

Amyl  Acetate gal. 


Apr.  1 


Apr.   IS 


.08 

.08 

•.14 

•.14 

*.65 

».65 

.26'A 

.27 'A 

17.00 

17.00 

.43'A 

.44 

12.00 

12.00 

•1.80 

•1.80 

•3.60 

•3.60 

.04 

.04 

2.00 

2.00 

.07'A 

.071A 

.04'A 

.04'A 

.07 

.07 

.26 

.25 

.10 

.10 

3.25 

3.25 

2.85 

2  85 

.09 'A 

.09>A 

.  16>A 

.16 

.04 

.04 

.01 

.01 

•.04'A 

•04'/. 

•.07'A 

•.07'A 

3.00 

3.00 

14.00 

14.00 

17.00 

17.00 

.lO'A 

.lO'A 

.37 

.37 

.35 

.35 

.08 

.08 

.31 

.31 

2. 37 'A 

2.37'/i 

.081A 

.08'/i 

.80 

.80 

.58 

.55 

.14 

.14 

.21 

.21 

•.45 

•.45'A 

.ll'A 

.ll'A 

1.60 

1.60 

.26 

.26 

.65 

.65 

».26 

•.26'/i 

4.40 

4.40 

.09 

.09 

.30 

.30 

4.75 

4.75 

2.00 

2.00 

1920 

1921 

1922 

J 

-  HEAVY  CHEMICAL  AVERAGE    - 

;  Simple  Average   of  Twenty  Rep-  ; 
'  resentatiye  Heavy  Chemicals. 
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Apr.  1 

Caffeine  Alkaloid, lb.  3.75 

Camphor,  Jap,  refined,  cases lb.  .86 

Carbon  Bisulfide,  c/1 lb.  .06 

Tetrachloride lb.  .10 

Chloroform.  U.  S.  P.,  drums lb.  .37 

Creosote.  U.  S.  P lb.  .40 

Cresol,  U.S.  P lb.  .12 

Dextrin,  com 100  lbs.  2.99 

Imported  Potato lb.  .08'/i 

Ether,  U.  S.  P.,  cone,  100  lbs lb  .  14 

Formaldehyde,  bbls lb.  .08'/i 

Glycerol,  dynamite,  drums lb.  ,  13Vx 

Methanol,  pure,  bbls gal.  .75 

Methylene  Blue,  Med lb.  3.60 

Petrolatum,   snow-white....- lb.  .12Vj 

Light  Amber lb.  .04i/i 

Green lb.  .O^'A 

Pyridine gal.  1.75 

Starch,  corn,  Pow'd lOOlbs.  2.32 

Potato.  Jap lb.  .07 

Rice lb.  .18 

Sago lb.  .04 

OILS,  WAXES,  ETC. 

Beeswax,  pure,  white lb.  .35 

Black  Mineral  Oil,  29  gravity gal.  .22 

Castor  Oil,  No.  3 lb.  .  lO'/i 

Ceresin,  yellow lb.  .08 

Com  Oil,  crude,  tanks,  mills lb.  .10 

Cottonseed  Oil,  crude,  f.  o.  b.  mill.  .lb.  .  10 

Linseed  Oil,  raw  (car  lots) gal.  .79 

Menhaden  Oil,  crude  (southern) .  gal.  .40 

Neat' 9-foot  OU,  20» lb.  .24 

Paraffin,  128-130  m.  p.,  re{ lb.  .04 

Paraffin  OH,  high  viscosity gal.  .45 

Rosin,  "F"  Grade,  280  lbs bbl.  5.35 

Rosin  Oil,  first  run gal.  .36 

Shellac,  T.  N lb.  .78 

Spermaceti,  cake lb.  .30 

Sperm  Oil,  bleached  vrinter,  38°.  .gal.  1 .69 

Stearic  Acid,  double-pressed lb.  .10 

Tallow  Oil,  acidless lb.  .  lO'A 

Tar  Oil,  distilled gal.  .60 

Turpentine,  spirits  of gal.  .  85 

METALS 

Aluminium,  No.  1,  ingots. ; lb.  .17 

Antimony,  ordinary 100  lbs.  4  .  35 

Bismuth lb.  2.10 

Copper,  electrolytic lb.  .  12*/4 

Lake lb.  .12V4 

Lead.  N.  Y lb.  .05 

Nickel,  electrolytic lb.  .41 

Platinum,  refined,  soft oz.  90.00 

Quicksilver,  flask 75  lbs.  ea.  49 .  00 

Silver,  foreign oz.  .64Vt 

Tin lb.  .  29'/4 


Apr.  IS 
3.75 

.82 

.06 

.10 

.37 

.40 

.13 
2.99 

.09 

.14 

.08Vi 

.13 

.72 
3.60 

.12'/i 

.04'/i 

.02V4 
1.76 
2.32 

.07 

.18 

.04 


.35 

.22 

.10V« 

.08 

.10 

.10 

.83 

.40 

.24 

.04 

.46 
S.30 

.36 

.82 

.30 
1  69 

.09'/i 

.lO'A 


.86 


.17 
4.50 
2.00 

.  12V4 

.  12'/! 

.05 

.41 
90  00 
60.00 

.65  V, 

.31 


Apr.  1  Apr.  15 

Tiinssten  Wolframite per  unit  2.00  200 

Zinc.  N.  Y 100  lbs.  5.00  6.10 

FERTILIZEB  MATERIALS 

Ammonium  Sulfate,  export.. .100  lbs.  3.65  3.65 

Blood,  dried,  f.  o.  b.  N.  Y unit  4.00  4.00 

Bone,  3  and  50,  ground,  raw ton  30.00  30.00 

Calcium  Cyanamide,  unit  of  Am- 
monia   2.25  2.25 

Fish  Scrap,  domestic,  dried,  f.  o.  b. 

works unit  3.25&.10  3.25&.10 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton  5.00  5.00 

Tennessee,  78-80% ton  8.00  8.00 

Potassium  Muriate,  80% unit  .60  .60 

Pyrites,  furnace  size,  imported,  .unit  .14  .14 
Tankage,    high-grade,    f.    o.    b. 

Chicago unit  3.25&.10  3.60&.10 

COAL-TAS  CHEMICALS 
Crudes 

Anthracene,  80-85% lb.  .75  .78 

Benzene,  pure,  tanks gal.  .29  .29 

Cresol,  U    S.  P lb.  .12  .12 

Cresylic  Acid,  97-99% gal.  .50  .50 

Naphthalene,  Sake lb.  .07  .07 

Phenol,  drums lb.  .12  .12 

Toluene,  pure,  tanks gal.  .30  .30 

Xylene,  2  deg.  dist.  range,  tanks. gal.  .45  .45 

Intsrznediatas        , 
Acids: 

AnthranUic lb.  1.10  1.10 

Benzoic  tech lb.  .50  .60 

Broenner's lb.  1.56  1.66 

Cleve-8 lb.  1.50  1.50 

Gamma lb.  1.90  1.90 

H lb.  .85  .85 

Metanilic lb.  1. 00  1.00 

Monosulfonic  F lb.  2.30  2.30 

Naphthionic,  crude lb.  .65  .65 

NevUe  &  Winther's lb.  1.25  1.25 

PhthaUc lb.  .32  .32 

Picric lb.  .20  .20 

Sulfanilic lb.  .22  .22 

Tobias' lb.  1.50  1.60 

Aminoazobenzene lb.  1.16  1.15 

AniUneOil lb.  .le'A  .  IS'/i 

AnUineSalt lb  24  .22 

Anthraquinone lb.  1.40  1.40 

Bayer's  Salt lb.  1.00  1.00 

Benzaldehyde,  tech lb.  .55  .65 

U.  S.  P lb.  1.40  140 

Benzidine  (base) lb.  .86  .85 

Benzidine  Sulfate lb.  .70  .70 

Diaminopbenol lb.  6 .  60  6 .  60 

Dianisidine lb.  4.76  4.76 


*3. 

1920 

1921 

1922 
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Apr.  1 


Apr.  15 


^-Dichlorobenzene ">■ 

Diethylaniline ">■ 

Dimethylaniline lb 

Dinitrobenzene lb. 

Dinitrotoluene 'b. 

Diphenylamine lb. 

GSalt lb- 

Hydroquinol lb- 

Metol  (Rhodol) lb 

Monochlorobenzene lb. 

Monoethylaniline lb. 

s-Naphthylamine lb. 

»-Naphthylamine  (Sublimed) lb. 

k-Naphthol,  dist lb. 

m-Nitroanilioe ^^• 

^-Nitroanilioc lb. 

Nitrobenzene,  crade .  .  II . 

Rectified  (Oil  Mirbaoe)  '1. 

^'Mitrophenol l*"- 

^-Nitrosodimethylaniline  lb. 

»-Nitrotoluene *b. 

»-Nitrotoluene 'b. 

m-Phenylenediamine lb 

^-Phenylenediamine lb 

Phthalic  Anhydride.      lb. 

Primuline  (Base)     .    lb. 

RSalt lb. 

Resorcinol.  tech         lb 

U    S,  P      lb 

Srnaeff  er  Salt -lb 

Sodium  Naphtbionate lb 

Thiocarbanilide   lb. 

Tolidine  (Base) lb 

Toluidine,  mixed lb 

o-Toluidine lb 

^-Toluidine lb 

«-Toluylenediamine lb 

Xylidine,  crude lb. 


.17 

.17 

.60 

.60 

.36 

.36 

.20 

.50 

.25 

.25 

.60 

.60 

.65 

.65 

1.35 

1   35 

3.50 

3.50 

.10 

.10 

1. 00 

1.00 

.30 

.30 

1.50 

1.50 

.28 

.28 

.77 

.77 

.77 

.77 

.0« 

.09 

.10 

.10 

.75 

.76 

.16 

.15 

.70 

.70 

1.05 

1  .05 

1.50 

1.50 

.35 

.35 

2  00 

2.00 

60 

.60 

1.60 

1.60 

1.73 

1.75 

.70 

.70 

.70 

70 

.37 

.37 

1.20 

1.20 

.30 

.30 

.20 

.20 

1.00 

1.00 

1.05 

1.05 

45 

.45 

COAL-TAR  COLORS 


Acid  Colors 

Black lb. 

Blue lb 

Pucbsin lb 

Orange  III lb 

Red lb. 

Alkali  Blue,  domestic lb. 

Azo  Carmine lb. 

Ah>  Yellow lb. 

Erythrosin lb. 

Indigotin.  cone lb. 

Paste lb. 

Napbthol  Green    lb. 

Ponceau lb. 

Scarlet  2R lb. 


.80 

.80 

1.50 

1.50 

2.00 

2.00 

.50 

.60 

.85 

.85 

4.50 

4.60 

4.00 

4.00 

1.50 

1.50 

6.00 

6.00 

2.50 

2.50 

1.50 

1.50 

1.60 

1.60 

.80 

.80 

.70 

.70 

Direct  Colors 

Black lb 

Blue2B lb. 

Brown  R lb. 

Fast  Red lb. 

Yellow lb. 

Violet,  cone lb. 

Chrysophenine,  domestic lb. 

Congo  Red,  4B  Type lb 

Primuline,  domestic lb 

Oil  Colors 

Black lb 

Blue lb. 

Orange lb 

Red  III   lb 

Scarlet..    lb 

Yellow lb 

Nigrosine  Oil.  soluble lb 

Sulfur  Colors 

Black  lb. 

Blue,  domestic lb. 

Brown lb. 

Green lb 

YeUow lb 

Chrome  Colors 

Alizarin  Blue,  bright lb. 

Alizarin  Red,  20%   paste lb. 

Alizarin  YeUow  G lb 

Chrome  Black,  domestic lb. 

Chrome  Blue lb. 

Chrome  Green,  domestic lb 

Chrome  Red lb. 

Gallocyanin lb. 

Basic  Colors 

Auramine.  O,  domestic lb 

Auramine.  OO lb, 

Bismarck  Brown  R lb, 

Bismarck  Brown  G lb, 

Chrysoidine  R lb. 

Chrysoidine  Y lb. 

Green  Crystals,  Brilliant lb. 

Indigo.  20%  paste lb. 

Fuchsin  Crystals,  domestic lb. 

Magenta  Acid,  domestic lb. 

Malachite  Green,  crystals lb. 

Methylene  Blue,  tech lb. 

Methyl  Violet  3  B lb. 

Nigrosine,  spts.  sol lb. 

Water  sol.,  blue lb. 

Jet lb 

Phosphine  G.,  domestic lb. 

Rhodamine  B.  extra  cone lb. 

Victoria  Blue,  base,  domestic lb. 

Victoria  Green lb. 

Victoria  Red lb. 

Victoria  Yellow lb. 


.^pr.  1 


Apr.  15 


.55 

.55 

.60 

.60 

.85 

.86 

2.35 

2.36 

2.00 

2.00 

1.10 

1. 10 

1.10 

1. 10 

.90 

.90 

1.75 

1.75 

.70 

.70 

I.  26 

1.26 

.95 

.95 

1.65 

1.66 

1.00 

1.00 

1.2.=i 

1.25 

.90 

90 

.20 

.20 

.60 

.60 

.35 

.36 

1.00 

1.00 

.75 

.75 

8.00 

5.00 

.60 

.80 

.85 

.85 

.65 

.55 

.76 

.75 

1.50 

I    .50 

1.75 

1    75 

2.30 

2  ,in 

1.50 

1    .50 

2.60 

2  50 

.70 

70 

1.00 

1    00 

.75 

75 

.75 

.75 

2.25 

2   25 

.45 

45 

3.U0 

3   00 

2.00 

2  00 

1.60 

1.60 

1.50 

1.60 

1.75 

1.75 

,70 

.70 

.60 

.60 

.90 

.90 

2.50 

2. SO 

8.00 

8.00 

3.50 

3.60 

1.50 

1.50 

7.00 

7.00 

7.00 

7.00 

*I.ZO 
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EDITORIALS 


Patent  Progress 

■fVTHEN  the  Patent    Committee    reported    in   1921,  the 
'  Council  voted  "that  a  constructive  suggestion  should 

be  made  by  the  Committee  as  to  legislation  which  would 
prevent  the  utilization  of  our  patent  office  by  foreigners  for 
the  suppression  of  the  development  of  industries."  At  the 
request  of  Mr.  E.  J.  Prindle,  Chairman  of  our  Patent  Com- 
mittee, President  Smith  called  a  meeting  of  the  Committee 
on  National  Policy  on  May  13.  Mr.  Prindle  discussed  the 
Stanley  Bill  and  its  undesirable  features.  Mr.  Henry  How- 
ard, President  of  the  American  Institute  of  Chemical  Engi- 
neers and  member  of  the  National  Industrial  Conference 
Board,  presented  the  Stanley  Bill  as  amended.  After  an 
extended  discussion,  the  Con\mittee  in  executive  session 
unanimously  adopted  the  following  resolution: 

In  the  opinion  of  the  American  Chemical  Society,  our 
patent  system  was  designed  primarily  to  encourage  industry  in 
the  United  States  as  well  as  to  reward  inventors.  When  any 
patentee,  whether  domestic  or  alien,  uses  his  patent  to  smother 
or  limit  an  industrial  development  in  the  United  States,  he  is  to 
that  extent  defeating  the  purpose  of  the  patent  law. 

Therefore,  the  American  Chemical  Society  puts  itself  on 
record  as  being  in  favor  of  the  principle  of  the  Stanley  Bill, 
S.  3410,  as  amended  April  20  (Calendar  day.  May  4),  1922,  and 
suggests  that  in  any  modification  of  the  wording  thereof,  found 
desirable  by  the  Committee,  they  consider  the  public  welfare 
and  the  national  defense  of  equal  importance. 

The  amendment  to  the  Stanley  Bill  provides  that  if  a 
United  States  patent  is  worked  abroad  but  not  in  this  country, 
two  years  after  its  issuance,  and  if  the  patentee  has  refused 
to  grant  licenses  upon  reasonable  terms  for  its  practice  in 
this  country,  the  U.  S.  Court  of  Ai)peals  may  order  a  nonex- 
clusive license  granted.  As  now  worded,  the  bill  applies 
only  to  American  patents  which  are  also  taken  out  in  foreign 
countries  (less  than  ten  per  cent),  and  afTords  protection  to 
the  patentee  during  the  developmental  period  through  a 
recognition  of  abilitj'  to  prove  reasonable  diligence  in 
bringing  about  a  bona  fide  working  of  the  patent. 

WhOe  the  chemical  industry  considers  a  general  working 
clause  undesirable,  there  is  agreement  that  not  only  the 
chemical  industry  but  other  industries  require  protection 
against  the  smothering  of  industrial  development  which 
has  been  effected  through  the  protection  afforded  by  our 
patent  system.  No  one  wishes  to  see  the  benefits  of  the 
American  patent  system  destroyed,  but  some  way  must  be 
found  whereby  those  who  manufacture  abroad  and  patent 
in  this  country  solely  for  the  purpose  of  preventing  compe- 
tition from  American-made  goods  may  be  denied  such  op- 
portunity. This  amendment  is  believed  to  offer  a  solution 
of  tlie  problem.     Chemists  should  urge  its  adoption. 


Future  Plans 

/^UR  September  issue  will  be  a  progress  niunber.  We  have 
^-"^  been  assured  of  the  active  cooperation  of  a  large  number 
of  specialists  who  will  prepare  short  summaries  of  the  advance 
made  in  scientific  research  and  technical  development  in  their 
fields  of  work.  Later,  we  shall  have  other  numbers  largely 
devoted  to  articles  of  this  tyije,  which  will  enable  those  not 
specializing  in  a  particular  field  to  learn,  in  a  few  minutes' 
reading,  the  status  of  a  great  many  different  activities. 


The  Committee  of  Seven 

T  TPON  several  occasions  very  busy  members  of  the  Amer- 
*-^  iCAN  Chemical  Society  have  been  put  upon  com- 
mittees to  consider  difficult  problems  and  to  recommend 
procedure  to  the  Society.  We  know  of  several  cases 
where  the  conscientious  work  performed  involved  an  inor- 
dinate amount  of  time  and  personal  expense,  while  the 
Society  chose  to  make  no  use  of  the  results.  We  hope  that 
the  committee  appointed  by  President  Smith  on  Progress 
in  Society  Procedure  may  not  have  a  similar  experience. 

Great  scientific  societies,  like  business  enterprises,  must 
occasionally  take  stock  and  decide  whether  they  are  pro- 
ceeding along  the  best  possible  lines.  A  number  of  Ameri- 
can chemists  have  expressed  the  belief  that  the  Society 
should  now  review  its  activities,  the  functions  of  its  various 
committees,  and  its  methods  of  procedure,  and  decide  upon 
what  changes,  if  any,  should  be  made  to  enable  it  better  to 
advance  the  interests  of  chemistry,  the  chemical  profession, 
and  the  chemical  industries  in  our  country.  The  Committee 
is  as  follows : 

A.  V.  H.  Mory,  .56.5  W.  Washington  St.,  Chicago,  111..  Chairman, 
has  performed  service  in  the  laboratories  of  the  Government,  in 
industr)',  and  as  a  consultant. 

George  L.  Coyle  is  Professor  of  Chemistry,  Holy  Cross  Col- 
lege, Worcester,  Mass. 

L.  C.  Drefahl  is  Chairman  of  the  Cleveland  Section,  and  an 
official  of  the  Grasselli  Chemical  Company. 

Graham  Edgar  is  Professor  of  Chemistry,  University  of 
Virginia. 

H.  C.  Parmelee  is  Editor  of  Chemical  and  Metallurgical  Engi- 
neering. 

J.  N.  Swan  is  Professor  of  Chemistry  at  the  University  of 
Mississippi. 

R.  E.  Swain  hails  from  California,  from  Stanford  University. 
He  will  be  able  to  bring  to  the  committee  the  views  of  many  far- 
western  chemists  who  seldom  have  the  privilege  of  attending 
the  meetings  of  the  Society. 

Surely  anyone  who  has  given  much  thought  to  the  prob- 
lems before  the  Committee  can  express  his  views  in  extenso 
to  that  member  of  the  Committee  best  known  to  him,  or  the 
one  most  accessible. 

Let  us  as  members  of  the  Society  do  our  part  toward  mak- 
ing the  present  work  thorough,  satisfactory,  and  adequate. 


The  Tariff  Status 

'T'HE  strongest  opponents  of  the  chemical  embargo  have 
*■  testified  that  under  the  present  arrangement  monopo- 
lies have  not  been  formed,  price  agreements  have  not  been 
made,  the  industiy  has  developed  beyond  the  greatest  ex- 
pectations, and  under  it  continued  growth  may  be  expected. 
The  embargo  is  to  continue  until  some  definite  action  is 
taken  with  respect  to  the  tariff.  Chemical  manufacturers 
might  be  less  interested  in  the  present  leisurely  congressional 
procedure  but  for  the  uncertainty  which  hangs  over  them. 
Seldom  has  the  need  been  emphasized  for  men  in  Congress 
capable  of  visualizing  what  is  best  for  the  country  as  a  whole, 
as  opposed  to  the  usual  trading  policy  in  which  the  interest 
of  a  comparatively  small  group  of  constituents  is  paramount. 
Fortunately,  Congress  has  at  its  command  the  services  of 
men  who  are  specialists,  but  in  addition  to  the  advice  of 
specialists  we  need  men  capable  of  understanding  the  advice 
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when  sivcn  iind  able  to  steor  a  course  witli  the  welfare  of  the 
people  as  a  whole  as  the  only  goal.  With  increasing  com- 
plexity of  modern  industrial  affairs  involving  new  sorts  of 
trade  and  commerce,  brinsinp;  us  into  competition  with  an 
increasing  number  of  foreign  countries,  difficulties  with  foreign 
exchange,  and  all  that,  we  ha\-e  not  commanded  for  govern- 
ment service  men  who  have  grown  with  the  job. 

From  the  senatorial  discussion  of  acetic  anhydride  we 
might  conclude  that  this  was  prepared  from  acetic  acid 
by  the  simple  process  of  removing  water  with  filter  paper. 
So  great  an  amount  of  time  is  spent  in  arguing  points  not 
understood  that  there  is  reason  to  suspect  certain  senators 
of  filibustering  with  the  purpose  of  embarrassing  the  Ad- 
ministration in  the  November  elections. 

Much  industrial  development  is  waiting  on  tariff  legislation. 
In  the  hope  that  something  may  be  done  this  year.  Congress 
has  been  holding  night  sessions,  but  on  the  16th  the  usual 
night  session  was  omitted  to  permit  the  pages  of  the  Senate, 
as  guests  of  Senator  Elkins,  to  attend  the  circus  then  in 
Washington! 

To  some  men  political  power  is  always  paramount  to 
national  welfare.  They  do  not  hesitate  to  follow  tactics 
detrimental  to  our  industrial  interests  if  by  that  means 
they  may  win  reelection  or,  failing  that,  continue  to  have 
their  party  hold  its  place.  Every  experiment  with  tariff 
bill  making  convinces  a  greater  number  of  thoughtful  people 
that  the  tariff  must  be  taken  out  of  politics  and  placed  upon 
a  scientific  and  economic  basis.  We  can  but  exclaim  with 
the  prophet  of  old,  "0  Lord,  how  long?" 


American  Chemical  Literature 

TN  the  February  number  of  Thi.s  Journ-\i,,  under  the  cap- 
tion  "Criticism  from  Germany,"  Dr.  W.  A.  Noyes  called 
attention  to  the  attitude  of  certain  foreign  scientists  regarding 
the  upbuilding  of  American  chemical  literature.  The  fears 
of  our  critics  are  well  founded  if  the  success  of  the  monograph 
series  is  indicative  of  the  future.  There  has  been  no  better 
example  of  what  American  chemists  can  accomplish  through 
organization,  confidence  in  an  idea,  and  faith  in  their  leaders. 
If  there  be  any  who  still  favor  former  sources  for  literature, 
let  them  consider  the  last  edition  of  Beilstein.  There  are 
to  be  seventeen  volumes.  To  those  who  subscribed  for  the 
set,  volumes  one  and  two  were  sold  for  $12  for  the  two. 
Volume  three  has  appeared  at  $18,  and  it  is  understood  that 
volume  four  will  cost  about  128.     Volume  seventeen? 

Americans  can  compile  reference  works  and  wTite  texts 
using  the  same  sources  as  have  the  others.  They  can  do 
a  better  job  because  they  know  American  needs. 

Our  monograjjhs  are  already  a  success.  Six  volumes  are 
now  in  circulation,  and  the  seventh  will  apiiear  tliis  month. 
It  is  believed  that  at  least  eight  more  will  appear  before 
January  1,  1923.  Twenty  are  in  preparation,  and  the  editors 
still  seek  monographs  of  the  type  that  deserve  a  place  in  this 
remarkable  series.  Of  the  books  jiublished,  several  thousand 
vohmies  ha\'e  l)een  sold,  and  of  those  to  come  orders  have 
been  placed  for  a  still  larger  number.  The  majority  of  the 
books  published  have  already  paid  the  I'oyalties  advanced 
to  authors,  and  have  begun  to  earn  a  ])rofit  for  the  authors, 
the  Society,  and  our  loyal  publishers.  Some  of  the  mono- 
graphs have  been  undertaken  because  their  type  of  book 
is  needed,  rather  than  because  all  can  have  the  same  wide  sale. 

Tli(!  series  jiresents  a  great  opportunity  to  authors,  but 
it  involves  responsibility.  Unforeseen  circxiirtstanccs  may 
alter  the  best  laid  plans.  When,  however,  an  author  un(l(M'- 
takes  a  nionograjih  and  the  subject  is  announced,  the  public, 


quite  correctly  expects  the  author  to  give  them  the  benefit 
of  his  special  knowledge  and  information  at  as  early  a  date 
as  possible.  Then,  when  the  monograph,  carefully  re- 
viewed l)y  authorities  before  its  publication,  appears,  we 
chemists  should  get  behind  it  and  do  what  we  can  toward 
making  its  distribution  completely  succe.ssful. 

We  should  remember  that  the  monograph  venture  was 
not  undertaken  for  profit,  but  primarily  to  create  a  nucleus 
for  chemical  literature  in  English  without  the  usual  com- 
mercial considerations.  Any  enterprise  which  the  members 
of  the  Society  wish  to  back  with  their  individual  interest 
and  the  weight  of  their  organization  will  be  a  certain  success. 
Individual  members  should  be  eager  to  contribute  whatever 
they  can  to  a  speedy  realization  of  the  great  promise  of  future 
success.  American  chemists  can  guarantee  an  American 
chemical  literature. 


Meet  Mr.  Stokes 

/^N  May  15  Mr.  R.  T.  Stokes  became  the  Associate 
^^  Editor  of  This  Journal.  His  headquarters  are  at 
One  Madison  Avenue,  New  York  City.  Mr.  Stokes  comes 
to  us  from  Chicago,  where  until  recently  he  was  a  member 

of  the  technical  staff 

of  Sears,  Roebuck  & 


Co.  He  is  a  grad- 
uate of  Dartmouth, 
has  taught  at  Hobart 
College,  and  has  been 
assistant  to  Profes- 
sors Baskerville  and 
Moody  at  the  College 
of  the  City  of  New 
York.  In  industrial 
work  he  has  been  par- 
ticularly interested  in 
rubber,  and  during 
1917  was  superinteri- 
dent  of  the  rubber 
factory  of  Parker; 
Stearns  &  Companyj 
Brooklyn,  N.  Y.  '••• 
Mr.  Stokes  will  not 
only  represent  the  Journal  in  New  York  but  will  be  found 
about  the  country,  endeavoring  to  find  ways  of  making 
This  Journal  of  still  greater  service  to  the  chemical  industry. 


Earning  Power  of  Research 

TN  discussing  the  fact  that  a  patent  is  not  necessarily  a 
*  comjalete  exposure  of  chemical  processes  and  iiroducts, 
Mr.  Henry  Howard,  Vice  President  of  the  Grasselli  Chemical 
Company,  related  his  experience  in  the  production  of  stable 
hydrosulfite. 

Foreign  patentees  would  license  no  one  to  make  stable 
hydrosulfite,  but  when  it  became  jKissible  to  obtain  a  license 
from  the  Chemical  I''oundation,  the  Merrimac  Ch(>mical 
Company  began  work.  In  tlu;  laboratory  it  was  found  that 
notwithstanding  railliful  adhei'cnce  to  the  methods  i)rescribed 
in  the  patents,  stable  hydrosulfite  was  not  forthcoming,  and 
the  entire  venture  would  have  failed  but  for  rese.'irch.  Re- 
search upon  the  rom]iosition  of  the  original  material,  in- 
volving microiuialysis,  disclosed  impurities  which  furnished 
the  clue.  After  nine  months'  intensive  work,  the  research 
laboratory  solved  the  pi'olilem  and  ijroducti'on  was  successful. 
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SYMPOSIUM  ON  DISTILLATION 

Papers  presented  before  the  Division  of  Industrial  and  Engineering  Chemistry  at  the  63rd  Meeting  of  the  American  Chemical  Society,  Birmingham,  .^la., 

April  3  to  7,  1922. 


The  Efficiency  and  Capacity  of 
Fractionating  Columns 

By  W.  A.  Peters,  Jr. 

E.  I.  DU  Pont  de  >fEMOURS  &  Co..  Wilmington.  Delaware 

THE  capacity  of  a  fractionating  column  is  defined  as 
a  measure  of  the  amount  of  vapor  and  liquid  which 
can  be  passed  countercurrent  to  each  other  in  a 
column  without  causing  the  column  to  load  or  prime.  The 
efficiency  is  defined  as  the  separating  power  of  a  definite 
unit  or  length  of  the  column  and  is  measured  by  comparing 
its  performance  with  the  performance  calculated  for  a  theo- 
retically perfect  plate  column  under  similar  conditions. 

Plate  Columns 

The  theoretically  perfect  plate  column  has  been  defined 
by  Professor  Lewis  and  from  his  definition  it  follows  that 

-Y,(l-p) 


Xn  +  1    — 


(1) 


where 

X,.  +  ,   =  the  equivalent  latent  heat  fraction  of  the  low  boiling 

material  in  the  liquid  on  the  (n  +  1)"*  plate. 
Y„       =  equivalent  latent  heat   fraction  of  the  low  boiling 

material  in  the  vaporizing  from  the  n"'  plate. 
Yc       =  equivalent  latent  heat  fraction  of  the  low  boiling 

material  in  the  distillate. 

By  equivalent  latent  heat  fraction  is  meant  the  heat  re- 
quired to  volatilize  the  amount  of  low  boiling  material  in 
1  lb.  of  the  mixture  on  or  above  the  given  plate  divided  by 
the  latent  heat  required  to  volatilize  one  pound  of  this  mixture. 
Expressing  the  compositions  in  this  way  simplifies  the  calcu- 
lations. 

p  =  the  ratio  of  the  heat  required  to  volatilize  the  liquid 
run  back  di\dded  by  the  total  latent  heat  in  the  vapor  pass- 
ing up  through  any  horizontal  cross  section  of  the  column. 
This  is  also  often  called  the  reflux  ratio.  These  relations 
are  of  course  true  only  when  radiation  and  changes  in  heat 
content  of  the  liquid  are  neglected  over  the  section  of  column 
considered.'  Formula  1  gives  the  relation  which  must  exist 
between  the  compositions  of  the  vapor  rising  from  one  plate, 
the  liciuid  refiuxing  from  the  plate  above,  and  the  heat  balance 
in  the  theoretical  column.  If  p,  Y<:  and  Y„  are  known, 
X„+  1  can  be  determined,  Yn  n  will  then  be  fixed,  according 
to  the  definition  of  the  theoretical  column,  and  thus  the 
composition  of  the  liquid  and  vapor  at  every  point  in  the 
theoretical  column  will  be  fixed.     (Fig.  1.) 

To  compare  an  actual  column  with  the  theoretical  column, 
then,  it  is  necessary  to  run  the  column  on  some  given  mixture 
and  to  measure  p,  Y„  and  Y^.  The  theoretical  column  which 
will  give  the  same  values  for  Y„  and  Y^  with  the  same  value 
for  p  is  then  calculated,  and  the  number  of  plates  so  calcu- 
lated divided  by  the  number  of  plates  actually  employed 
to  make  the  separation  gives  the  efficiency  factor,  K,  of  the 
actual  column.     If  the  column  tested  is  a  filled  column, 


iif  p  ' 


-,  Formula  1  may  be  written  R^  ^, 


V,(V,-Y„) 


the  number  of  plates  in  the  calculated  theoretical  column 
divided  by  the  height  of  the  filled  column  in  any  units  chosen 
gives  a  measure  of  the  efficiency  of  the  filled  column.  We 
have  found  it  convenient  to  measure  the  reciprocal  of  this 
efficiency,  which  will  be  called  the  "height  of  equivalent 
theoretical  plate,"  or  H.  E.  T.  P. 

SIEVE  TYPE — An  example  will  be  given  as  an  illustration  of 
the  method. 


N-i 
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Vapor    of    com 
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R    p« 


P       ^n-l 

*,R>r     \.r 


Fig.  1 — Diagram  op  Plates  of  Thborbtical  Column  for  Materials 
WITH  Equal  Latent  Heats 

Example 

The    column    tested    was   a    28-in.   diameter   sieve    plate    column    with 
twenty-eight  plates  separating  acetic  acid  and  water. 
The   following  data   were  obtained; 


Vapor  from  still 

Distillate 

Liquid  on  top  plate 


70.8  per  cent  water 
98.52  per  cent  water 
98.  14  per  cent  water 
(from  curve) 
I9S0  lbs.  per  hr. 
200  lbs.  per  hr. 


Steam  condensed  in  coil 
Distillate 
The  latent  heat  of  acetic  acid  will  be  taken  as  90  and  that  of  water  a 

70.8  X  540 


Then  Vi  (vapor  from  the  still) 


\c  (distillate) 


540. 
0.935 


70.8  X  540  +  29.2  X  90 
98.52  X  540 


=    0.998. 


98.52  X  540+  1.48  X  90 
Total   heat   in   vapor  passing   up  column    (available   lieat  in    1980  lbs. 

steam  condensed  under  pressure  at  500  P.  C.  U.  per  lb.)  =  990.000  P.  C.  U. 
Heat  to  vaporize  200  lbs.  of  distillate  containing  9S.52  per  cent  water  and 

1.48  per  cent  acetic  acid   =   108,000  P.  C.  U. 

108.000  _  „„ 

Then  p  =   1 ■ =  0.89 


Hence  Xi 


990,000 
0.935-0,998  (1-0.89) 


0.927 


0.89 

which  calculated  back  to  actual  percentage  is  67.8  per  cent  water.  From 
the  known  relations  between  the  compositions  of  the  vapor  and  liquid  phases 
of  acetic  acid  and  water  mixtures  at  equilibrium,  the  value  of  Yi  for  Xi  = 
67.8  per  cent  is  found  to  be  76.1.  Xt,  etc.,  are  then  calculated  in  the  same 
way.  until  finally  Xis  is  found  to  be  98. 1.  The  results  of  the  calculations 
are  shown  in  Table  I. 

Of  course  the  work  can  be  simplified  by  expressing  all 
compositions  and  amounts  as  equivalent  heat  fractions  and 
drawing  all  curves  in  the  same  terms,  just  as  for  some  pur- 
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poses  it.  is  found  eoiuenient  to  exjiress  relationships  in  terms 
of  moUil  fractions,  or  Formula  1  can  bo  so  written  that  com- 
positions and  amounts  are  expressed  in  actual  percentages 
and  pounds  in  which  case  it  becomes: 


Xn  +  l    — 


YnLc-Y,(l-p)Ln 
l.c-(l-p)h„ 


where 


he  =  latent  heat  of  distillate  of  composition  Yc,  and 
Ln  =  latent  heat  of  vapor  of  composition  Y„. 


Plats 
Still 

1 

2 

3 

t 

5 

6 

7 

S 

0 
10 
11 
12 
13 
14 
IS 


Table  I 
' Composition    of ■ 

Liquid  Vapor 

Per  cent  Water  Per  cent  Water 


77.9 
68.4 
74.2 
78.5 
82.1 
85.0 
87.1 
89.0 
90.8 
92.5 
98.8 
95.0 
96.0 
96.9 
97.6 
98.1 


70.8 
76.1 
80.4 
83.6 
86.2 
88.4 
90.0 
91.5 
93.0 
94.3 
95.3 
96.2 
97.0 
97.6 
98.2 
98.6 


Thus  approximatelj'  fifteen  plates  of  the  theoretical  colunm 
are  required  to  do  the  work  of  the  sieve  plate  column  with 
twenty-eight  plates,  making  the  average  value  of  K  for  the 
sieve  plate  colunxn 

15/28  =  0.536. 

Other  tests  made  on  several  different  sieve  plate  columns 
with  acetic  acid  and  water  mixtures  gave  the  following  values 
forK: 

K    =   0.53S  p    =   0.82 

K    =   0..500  p    =   0.84 

K    =   0.500  p    =   0.87 

It  was  proved  by  these  tests,  checked  by  many  others  on 
packed  columns,  that  for  acetic  acid  and  water  mixtures 
in  sieve  plate  columns  with  about  1-in.  depth  of  liquid  on 
the  plates,  K  is  independent  of  p  within  the  limits  0.8  to 
1.0,  and  also  of  the  composition  of  the  reflux  or  the  vapor. 
The  mean  value  for  K,  then,  for  1  in.  of  liquid  on  plates  and 
perforations  of  about  0.2-in.  diameter,  is  0.52. 

BUBBLER  CAP  TYPE — Tests  made  on  a  standard  36-in. 
diameter  Badger  bubbler  cap  plate  column  with  alcohol- 
water  mixtures  containing  less  than  90  per  cent  alcohol  by 
weight  gave  a  value  of  0.70  for  K.  For  mixtures  richer  in 
alcohol  the  value  of  K  is  less.  This  higher  efficiency  of  the 
bubbler  c^ip  column  on  alcohol-water  mixtures  was  surpris- 
ing and  could  not  easily  be  accounted  for. 

To  prove  whether  it  was  due  to  a  difference  between  the 
two  types  of  columns,  sieve  or  bubbler  cap,  or  to  a  difference 
in  the  behavior  of  the  two  mixtures,  two  tests  were  made 
in  which  acetic  acid  and  water,  and  alcohol  and  water,  were 
run  in  the  same  bubbler  cap  plate  column  imdcr  exactly 
similar  conditions.  The  column  used  was  4'/s  in.  inside 
diameter  and  had  one  bubbler  cap  2  in.  in  diameter  per  plate. 
The  immersion  of  the  slots  was  only  0.25  in.,  though  their 
width  was  Vie  in.,  so  that  if  there  was  a  difference  in  K  for 
the  two  mixtures  we  would  expect  it  to  be  accentuated  in 
this  small  column.  The  column  had  twenty  plates,  and 
samples  were  taken  from  the  first,  sixth,  eleventh,  sixteenth, 
and  twentieth  plates  and  from  the  distillate.  K  was  found 
to  be  0.45  for  the  acetic  acid  and  water  and  0.094  for  the 
alcohol  and  water  below  the  sixteenth  plate.  Above  the 
sixteenth  plate  K  could  not  be  accurately  determined  for 
the  alcohol. 

This  test  indicates  that  there  is  no  difference  between  the 
efficiency  of  plate  columns  of  the  sieve  or  bubbler  cap  type, 


provided  the  immersion  and  diameter  of  the  slots  or  per- 
forations are  comparable. 

But  there  is  a  marked  difference  in  the  efficiency  of  the 
same  column  for  different  mixtures.  An  even  greater  differ- 
ence was  found  when  we  came  to  study  packed  columns. 


Fig.  2 

Some  work  on  plant  columns  had  indicated  this,  so  the 
apparatus  shown  in  Fig.  2  was  set  up,  and  the  height  of 
0.25-in.  ring  filling  equivalent  to  one  theoretical  plate  (H. 
E.  T.  P.)  was  determined  for  many  different  mixtures. 

The  method  of  determining  this  H.  E.  T.  P.  was  exactly 
the  same  as  used  to  determine  tiie  efficiency  of  the  28-plate 
sieve  plate  column.  A  separation  was  made  under  given 
conditions,  and  the  number  of  plates  in  the  theoretical  column 
required  to  make  the  same  separation  was  calculated.  The 
height  of  filling  used  divided  by  this  number  gave  the  H.  E. 
T.  P. 

The  values  found  for  0.25-in.  fillings  are  shown  in  Table  II. 


Table 

11 

Comparative  Effi- 

ciency Al 

cohol- Water 

H.  E    T. 

'.          bcloM 

SS  Per 

MaTKKIALS  .SliPAHATED 

In, 

cent 

=  100 

Ethyl  alcohol  +  water  below  88% 

3.65 

100 

Ethyl  alcohol  +  water  above  88% 

4.2 

87 

Methanol   +  water 

3 

122 

Acetone  and  ethyl  alcohol 

6 

61 

Nitric  acid  +  water 

8 

46 

Acetic  acid  +  water 

10 

36 

Benzene  +  toluene 

10 

36 

Next  the  apparatus  shown  in  Fig.  3  was  run  as  an  exliausting 
column. 
The  values  for  the  H.  E.  T.  P.  are  shown  in  Table  111. 


Taulh  III 


Material 

ICthyl  alcohol  +  water 

Ammonia  +  water 

Nitric  acid  +  water  and  sulfuric  acid. . 


K.  T. 
In. 
3.87 
3.4 
3.75 


P. 


Coniparalive 

Efficiency 

94 

107 

97 
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From  the  fact  that  ethyl  alcohol-water  and  acetic  acid- 
water  mixtures  are  at  about  the  extremes  in  these  tables, 
the  conclusion  is  drawTi  that  in  well-constructed  plate  columns 
K,  for  most  materials,  will  lie  between  the  values  found  for 


these  two  niixtures,  i.  e.,  0.5  and  0.7.  We  have  some  con- 
firmation of  this  in  a  test  on  materials  boiling  around  200°  C. 
which  were  fractionated  in  a  4-ft.  diameter,  30-plate,  cast- 
iron,  bubbler  cap  column  and  gave  a  value  for  K  of  about 
0.5. 

Some  general  predictions  can  be  made  about  the  value  of 
K  on  the  basis  of  these  figures. 

1 — K  is  less  for  materials  of  high  molecular  weight. 

2 — For  materials  of  equal  molecular  weight  those  mixtures 
in  which  there  is  less  attraction  between  the  unlike  than  between 
the  like  molecules  will  show  the  higher  value  of  K. 

The  latter  point  is  especially  well  brought  out  in  tlie  case 
of  nitric  acid  and  water  mixtures.  The  addition  of  sulfuric 
acid,  which  is  known  to  decrease  the  attraction  of  the  nitric 
acid  for  the  water,  changes  the  H.  E.  T.  P.  from  8  in.  to  3.75 
in. 

It  is  thus  seen  that  the  efficiencj'  of  a  gi\-en  column  varies 
as  it  is  used  to  separate  different  mixtures.  From  an  engi- 
neering standpoint,  the  question  is  how  to  increase  the  effi- 
ciency of  the  column  for  all  mixtures.  With  plate  columns 
tliis  can  be  done  by  increasing  the  immersion  and  decreasing 
the  diameter  of  the  slots  or  perforations.  Either  change 
increases  the  resistance  to  vapor  passage  through  the  column 
and  hence  increases  the  back  pressure  at  the  base  of  the 
column.  Probably  1-in.  immersion  and  0.2-in.  diameter 
slot  is  about  the  best  design;  for  these  figures  K  will  vary 
from  about  0.5  to  a  little  over  0.7.    It  is  doubtful  if  K  could 


be  increased  much  above  these  figures  without  causing  e.x- 
cessive  pressures  on  the  still. 

Packed  Columns 

In  the  case  of  packed  columns  the  reciprocal  of  K,  or  the 
H.  E.  T.  P.,  is  found  to  vary  nearly  directly  with  the  mean 
diameter  of  the  filling  pieces.  Fig.  4  shows  this  relation  for 
acetic  acid  and  water  mixtures. 

It  is  evident  that  columns  filled  with  very  small  pieces 
can  be  extremely  short  to  make  a  given  separation.  The 
serious  objection  to  the  smaller  fillings  is  their  cost. 

In  order  to  find  the  cost  of  a  packed  column  we  must  know 
the  diameter  or  cross-section  area  as  well  as  the  height.  The 
factor  which  determines  the  diameter  will  be  called  the  ca- 
pacity factor  and  will  be  measured  by  the  cross-section  area 
of  the  given  column  required  to  pass  1  cu.  ft.  of  the  vapors 
to  be  separated  per  second.  This  factor  multiplied  by  the 
H.  E.  T.  P.  gives  a  volume  which  will  be  called  the  volume 
efficiency  factor  and  which  measures  the  relative  over-all 
efficiency  of  anj'  column  packing,  or  of  any  column,  in  fact. 
To  compare  columns,  then,  we  can  reduce  all  costs  to  the 
liasis  of  cost  per  unit  volume  efficiency  factor.  This  simpli- 
fication is  useful  only  in  special  cases,  because  it  does  not 
take  into  consideration  differences  in  height.  For  purposes 
of  practical  design,  it  is  more  convenient  to  work  with  a 
simple  capacity  factor  which  we  measure  by  the  maximum 
vapor  velocity  which  the  given  column  wU  stand  without 
priming.  Fig.  5  shows  this  velocity  for  several  types  of 
filling  materials.  It  will  be  noted  that  the  maximum  vapor 
velocity  has  been  determined  for  different  reflux  ratios  and 
that  the  values  of  L/V  (liquid  refluxed  di\-ided  by  ^'apor 
passing  up  the  column)  lie  on  parallel  straight  lines  in  the 
region  studied.  To  make  the  results  comparable  the  vapor 
is  expressed  as  lbs.  of  water  vapor  which  have  a  latent  heat 
equivalent  to  the  latent  heat  of  the  vapor  actually  passing 
up  the  colimm. 

An  interesting  comparison  of  the  relative  capacities  and 
efficiencies  of  different  shaped  filling  materials  is  shown  in 
Table  IV. 
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Fig.  4 — Eppiciency  of  Fillings  of  the:  Hollow  Ring  Type  on. 
MixTURKs  OF  Acetic  Acid  and  Water 

The  Larger  Circles  Represent  the  Probable  Error  of  the  Determin;ttion$ 
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Table  IV 

Relative  Relative  Relative  Relative 

Filling                         Free  Space  Capacity  Kfficiency  V.  E. 

0.2o-in.  hollow  cylinders  100  actual  71%  100  73  73 

0.25-in.  solid  spheres                      r>7  About  70  100  70 

0.25-in.  solid  cylinders                   54  54  About  73  40 

0.75-in.  copper  nails                      100  140  ... 

Tlie  maximum  over-all  vapor  \'olocities  calculated  over 
the  whole  cross  section  of  the  column  for  different  columns 
with  various  materials  is  shown  in  Table  V. 


MiXTURB 

Benzene  +  toluene 
Alcohol  +  water 

High  boilers  under  high 

vacuum 
Ether,  alcohol  -f  water 


Acetic  acid  -f-  water,  weak 
Acetic  acid  -|-  water,  strong 
Alcohol    +    water,  weak,  in 

beer  still 
Acetic  acid  +  water,  weak 
Acetic  acid  +  water,  strong 
Alcohol  +  water,  weak 
Alcohol  +  water,  strong 


The  cost  of  the  packed  column  will  be 


Table  V 

Column  or 

M.  V, 

V. 

Filling 

Ft.  per 

sec. 

Remarks 

1.2 

1 

Column  not 

1.3 

quite  to  ca- 

Bubbler cap 

4  to  5 

J 

pacity 

1.0 

Column  not 
quite  to  ca- 
pacity 

3.1 

Sieve  plate 

1.25 

3.0 

4.4 
2.0 

0,25-in.  rings 

3.37 

About  2.5 


The  great  advantage  of  columns  packed  with  the  small 
rings  is  apparent  from  this  table  and  from  Table  II.  Columns 
filled  with  them  will  in  general  be  shorter  and  of  less  diameter 
than  equivalent  plate  columns. 

The  only  question  is  the  cost  of  the  small  packing.  We 
have  proved  that  an  irregular  filling  such  as  pebbles  or  broken 
quartz  will  have  a  low  capacity.  The  small  hollow  C3'linders 
make  an  ideal  filling  material  provided  their  cost  is  not  ex- 
cessive. The  Hj^dronyl  Syndicate  of  London  has  offered 
0.25-in.  copper  or  aluminium  contact  rings  for  about  S25() 
per  cu.  ft.'  We  have  devised  and  are  applying  for  a  patent 
on  a  method  by  which  we  can  make  hoUow  C3'linders  0.25  to 
0.375  in.  in  diameter  for  about  one-eighth  the  previous 
figure. 

Relative  Cost  of  Columns 

As  an  example  of  the  method  of  comparison  and  to  show 
the  relative  costs  of  the  two  types  of  columns  let  it  be  re- 
quired to  design  a  cast-iron,  bubbler  cap  plate  column  and  a 
column  packed  with  0.25-in.  cylinders,  each  to  be  equivalent 
to  fourteen  theoretical  plates  and  to  deliver  41  gal.  of  92.5 
per  cent  alcohol  per  hr.  with  an  average  value  of  0.8  for  p. 

The  total  vapor  to  be  passed  up  the  column  will  be 


41  X  6.8  X   10.5 
0.2  X  3600 


=  4.1  cu.  ft.  per  i 


From  Table  V  it  is  seen  that  the  maximum  vapor  \'elocity 
for  the  plate  column  is  1.3  and  for  the  packed  column  2.5  ft. 
per  sec.  Therefore,  the  diameter  of  the  plate  column  must 
be  24  in.  and  of  the  packed  column  18  in. 

K  for  the  plate  column  is  0.7,  so  twenty  plates  will  lie 
required.     For  the  packed  column,  the  H.  E.  T.  P.  will  be 

14  X  4 
taken  as  4  in.,  making  it  — — -  =  4.7  ft.  liigli.   To  thislieigiit 

will  be  added  a  foot  to  allow  for  distril)ution  of  liquid  at  (ho 
top  of  the  column. 

A  cast-iron  column  24  in.  in  diameter  with  twenty  plates 
actually  cost  .1;1300  in  10l!l  and  could  probablv  be  made  now 
for  .11000. 

'  These  rings,  patented  by  Dr.  k.  Lcssing,  arc  dcscrilu-d  by  liiui  and 
some  qualitative  data  arc  Kivcn  on  their  pcrformanct*,  J.  Sot.  C'lirm.  Jmt., 
40  (1921),  115.  ,  ;  i  :      . 


10  cu.  ft.  of  filling  at  $30.00  per  cu.  ft.  (estimated) $300.00 

Shell,  6  ft.  of  18-in.  cast-iron  pipe 25.00 

Top  and  bottom  flanges 15^00 

Support  for  filling ']        25 !  00 


Total $365.00 

The  packed  column  is  thus  cheaper  and  shorter  than  the 
plate  column. 

In  the  case  of  columns  used  for  acetic  acid-water  separa- 
tions it  is  estimated  that  a  column  25  in.  in  diameter  with 
twenty-eight  sieve  plates  will  cost  .$13.50.  An  equivalent 
packed  column  filled  with  0.2.5-in.  cylinders  at  the  low  cost 
for  which  we  expect  to  make  them,  will  cost  about  11200. 
The  first  cost  of  the  packed  column  is  not  so  much  lower  in 
this  case,  but  its  life  should  be  much  longer  than  that  of  the 
plate  column. 
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Fig.  .5 — Capacitv  of  Filled  Columns 
1 — 0.25-in.    hollow    cylinders,    water;     2 — 0.5-in.    hollow    cylinders, 
water;     3 — 0.75-in.  copper  tiails;    A — 0.25-in.  lead   shot;     B — 0.25-in. 
hcllow   cylinders,    strong    acetic    acid;     C — 0.25-in.    hollow  cylinders, 
strong  ethyl  alcohol 

Of  course  there  are  many  cases  where  packed  columns 
cannot  be  used  and  some  eases  where  plate  columns  would 
not  be  practicable.  Each  case  must  be  considered  separately. 
Many  problems  cannot  be  solved  e.xactly;  for  instance,  to 
calculate  the  column  required  for  separating  the  impurities 
from  a  crude  methanol  would  be  nearly  impossible.  But 
even  where  no  definite  calculations  can  be  made,  the  method 
outlined  by  Professor  Lems  and  the  data  we  have  gi^•en  should 
be  of  .some  help  in  designing  a  distillation  plant,  especially 
where  it  is  possible  to  make  preliminary  experiments  on  a 
laboratory  or  semiworks  scale.  By  the  method  outlined 
it  is  possible  to  make  direct  comparisons  between  laboratory 
and  plant  fractionating  column^  and  to  design  a  large  column 
to  make  any  desired  separation  that  has  been  made  in  a 
laboratory  column. 

Summary 

The  method  describetl  by  W.  K.  L(nvis  for  measuring  the 
efficiency  of  a  fractionating  column  has  been  applied  to 
plate  columns  of  both  sie\'e  and  bubbler  cap  type,  and  to 
packed  columns.  The  efficiency  of  plate  columns  of  either 
tyi)(!  wiiH  found  to  be  the  same  for  a  given  separation.  The 
efficiency  of  jiacked  columns  was  found  to  vary  inversely 
as  the  diameter  of  the  packing  |)iec(>s.  The  etficiency  of 
any  cohiinn  was  found  to  depend  on  the  matcriiils  lieing 
separated. 

The  ('ap;icity  of  the  columns  was  also  determintHl  and  a 
method  for  figuring  the  coin p.ira live  cost  of  columns  for  a 
given  separation  was  dcvcloiicd. 
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The  Plate  Efficiency  of  a  Continuous 
Alcohol  Stiir 

(ABSTRACT] 

By  Clark  S.  Robinson 

Department  of  Chemical  Engineering.  Massachusetts  Institute 
OF  Technology,  Cambridge,  Mass. 

THREE  te.sts  on  a  continuou.s  alcohol  still  under  vary- 
ing conditions  indicated  average  plate  efficiency  of 
from  24  to  56  per  cent. 
The  equations  developed  by  W.  K.  Lewis  for  the  calculation 
of  the  number  of  plates  for  a  fractionating  column^  require 
two  tilings  for  their  use,  first,  the  relation  between  the  vapor 
and  liquid  compositions,  and,  second,  the  plate  efficiency. 
Up  to  the  present  time  nothing  regarding  the  latter  has  been 
available  in  the  literature. 


The  writer  has  obtained  three  careful  tests  on  a  continuous 
still  handling  ethyl  alcohol-water  mixtures.  This  stiU  is  of 
the  modern  Barbet  type  with  plates  fitted  with  boiling  caps 
as  described  by  Barbet'  and  by  Mariller.^  The  still  is  0- 
lustrated  in  Fig.  1. 

It  consisted  of  a  rectifjang  column,  F,  of  30  plates,  1.52 
m.  in  diameter  and  an  exhausting  column,  G,  of  16  plates, 
1.65  m.  in  diameter.     The  dilute  alcohol  was  taken  from  a 

'  Published  as  Contribution  No.  6  from  the  Department  of  Chemical 
Engineering,  M.  I.  T. 

'  "The  Calculation  of  the  Efficiency  and  the  Design  of  Rectifying 
Columns,"  see  page  492,  this  issue. 

•  "La  Rectification  et  les  Colonnes  Rectificatrices  en  Distillerie,"  Paris, 
189t,  2nd  edition. 

*  "La  Distillation  Fractionee  et  la  Rectification,"  Paris,  191T. 


feed  tank,  J,  through  condenser  A  where  it  was  partly  heated, 
then  to  a  heat  interclianger,  H,  where  it  was  heated  nearly 
to  the  boiling  point,  and  was  then  delivered  on  to  the  top 
plate  of  the  exhausting  column. 

The  ^■apor  leaving  the  top  of  the  rectifying  column  was 
partly  condensed  in  the  condensers  A  and  B,  and  the  residual 
vapor  was  totally  condensed  in  the  condenser  C.  The  liquid 
from  condensers  A  and  B  and  a  portion  of  that  from  C  was 
returned  to  the  top  of  the  rectifying  column  as  reflux,  the 
remainder  of  that  from  C  being  withdrawn  through  suitable 
coolers  to  the  receiver  D.  Cooling  water  flowed  through 
condensers  C  and  B  in  series. 

The  averaged  data  on  an  hourly  basis  are  listed  in  Table  I: 

Table  I 

Test   number 1  2  3 

Alcohol  fed,  kg 623  772  818 

Water  fed,  kg 491  591  636 

Cooling  water,  kg 13600  13250  13000 

Water    indistillate,  kg 45  68  59 

Rise    in   temperature     of     feed     in 

condenser  A.  °  C 45.2  43.3  42,3 

Rise  in    temperature    of  water  in 

condenser  B,  °  C 27.9  26.3  26  0 

Rise   in    temperature    of  water  in 

condenser  C,  °  C 25  5  29.0  27.2 

In  all  cases  the  amount  of  alcohol  in  the  waste  was  too  small 
to  be  measured. 

It  was  found  possible  to  determine  the  average  plate  effi- 
ciency of  the  still  for  these  tests  by  means  of  the  equations: 

dx       ,  ,         k 

■^  =  «  iyn  —  xn)  —  D~  (j'c~>'«)  for  the  rectifying  column  and 

-s^  =  k(vm  —  Xm) ;t (y"<  ~ i^J")  f Of  the  exhausting  column, 

dm  '  Rm 

these  equations  having  the  significance  indicated  in  the  above- 
mentioned  paper. - 

Tabulated  Calculations 

Te-it  number 1  2  3 

Kg.  moles  alcohol  in  product 13.5  16.7  17.7 

Kg.  moles  water  in  product 2.5  3.97  3.28 

Mole  fraction  alcohol  in  product 0.842  0.816  0.844 

Heat  removed  in  condenser  C  (Kal.) 346,000  384,000  354,000 

Heat  removed  by  product   (ML  =  9,500J 

(Kal.) 153,000  195,000  200,000 

Heat  removed  by  reflux  from  condenser  C.  193,000  189,000  154,000 

Moles  reflux  from  condenser  C 20.3  19.8  16.1 

Heat  removed  in  condenser  P.  (Kal.) 379,000  249,000  339,000 

Moles  reflux  from  condenser  B 39.9  36.7  35.5 

Heat  removed  in  condenser  A  (Kal.)    {Cp 

=  0.9,'>) 48,000  56,000  58,000 

Moles  reflux  from  condenser  A 5.05  5.9  6.1 

Total  moles  reflux 65.2  62.4  57.7 

Reflux  ratio  (reflux:  product) 4.06  3.04  2.75 

Mole  fraction   alcohol  in  reflux  from  con- 
denser B  assuming  simple  condensation..  0.835  0.800  0.837 
Moles    alcohol    leaving    condenser    A    in 

vapor 63.9  62.3  61.1 

Moles     water     leaving     condenser     A    in 

vapor 12.3  14.8  11.6 

Total     moles     leaving     condenser     A    in 

vapor 76.2  77.1  72.7 

Moles  fraction  alcohol  in  vapor  from  con- 
denser A 0.839  0.808  0.840 

Mole  fraction  alcohol  in  reflux  from  con- 
denser A  assuming  simple  condensation.  0.830  0.790  0.833 

Moles  alcohol  leaving  column 68.1  67.0  66.2 

Moles  water  leaving  column 81.3  83.0  78.8 

Mole    fraction    alcohol   in    vapor    leaving 

column 0.838  0.807  0.8.39 

Mole    fraction    alcohol    in    reflux   entering 

column 0.835  0.803  0.837 

Ratio  moles  feed  to  moles  product 2.54  2.41  2.52 

Mole  fraction  alcohol  in  feed 0.332  0.338  0,335 

It  was  then  possible  to  calculate  values  of  -7-  and  -r-  for 

dx  dx 

varying  values  of  x  from  the  above  formulas.     This  has 

been  done  for  Test  1  as  follows,  the  values  of  x  and  y  being 

calculated  from  the  vapor  composition  curve  given  by  W. 

K.  Lewis.*    Since  no  measurement  of  the  alcohol  in  the  waste 

was  given,  Xu,  was  assumed  to  be  0.0001,  a  value  probably 

somewhere  near  the  fact.     The  calculated  values  are  plotted 

in  Fig.  2. 

•  "Vapor   Composition   of   .Alcohol- Water   Mixtures,"   This  Journai., 
11  (1920),  496. 
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Fig.  2 

This  plot  indicates  that  the  optimum  point  for  introduc- 
tion of  the  feed  would  have  been  at  that  point  in  the  column 
where  x  =  0.12,  the  number  of  plates  required  being  a  mini- 
mum at  that  point.     However,  at  that  point  the  ratio  of  the 

area  under  the    -r-  curve  is  to  that  under  the  -r-  as   13.76 

dx  ax 

is  to  3.0S,  or  4.47,  while  the  ratio  of  the  actual  number  of 
plates  in  the  rectifying  column  to  that  in  the  exhausting 
column  was  30  to  16,  or  1.88.  It  is  therefore  necessary  to 
find  by  trial  that  \'alue  of  x  where  the  ratio  of  the  areas  is 

//« 
1.88.     This  was  found  to  be  at  about  0.5  where  —  =  11.88 

ax 

dtix 
and  —  =  6.35,  the  total  number  of  plates  thus  required, 

if  100  per  c«nt  efficient,  being  18.23.  The  average  efficiency 
therefore  was 

18.23  X  100 

To =  40  per  cent. 

The  plate  efficiency  for  all  the  tests  is: 

Test  number 12  3 

Plate  efficiency,  per  cent 40  24  56 

Reflux  ratio 4.06  3.04  2.75 

Composition  of  distillate 0.842  0.816  0.844 

More  careful  tests  on  alcohol  stills  of  a  similar  typo  by 
W.  A.  Peters,  Jr.,'  indicate  that  the  plate  efficiency  is  apjiroxi- 
inately  70  per  cent.  He  has  calculated  Test  1  of  this  ))appr 
on  the  basis  of  a  70  per  cent  efficiency  and  found  that  the 
slop  should  be  approximately  0.000002  mole  fraction  alcohol, 
instead  of  the  assumed  value  of  0.0001.  Since  both  of  the.se 
values  of  the  concentration  are  so  small  that  they  ar(>  priw- 
tically  immeasurable,  it  is  evident  that  a  true  determination 

'  See  first  paper  in  Symposium. 


of  the  j)late  efficiency  cannot  be  made  by  merely  testing  the 
slop  when  the  alcohol  is  so  nearly  completely  removed.  In 
order  to  obtain  data  on  which  the  efficiency  can  be  calculated, 
it  would  be  necessary  to  draw  samples  from  plates  higher  up 
in  the  column  on  wliicli  there  was  a  liquid  containing  a  measur- 
able amount  of  alcohol.  The  value  of  this  paper  should  then 
lie  in  its  exposition  of  a  method  for  the  calculation  of  tests 
on  continuous  stills. 

The  vnAa  variations  in  results  thus  obtained  from  the  same 
still  operating  under  not  widely  varying  conditions  indicate 
the  desirability  of  a  considerable  factor  of  safety  in  column 
design. 

Nomenclature 

*  =  Mole  fraction  of  alcohol  in  the  liquid. 

y  =   Mole  fraction  of  alcohol  in  the  vapor. 

w  =  Number  of  plates  above  feed. 

m  =  Number  of  plates  below  feed. 

k  =  Average  plate  efficiency. 

Vc  =    Composition  of  vapor  leaving  column. 

J^Tr  =    Composition  of  waste  liquid  leaving  column. 

Rh  ~  Reflux  ratio  above  feed. 

Rm  =  Reflux  ration  below  feed. 

R/  =  Ratio  feed  to  distillate. 

Ml  =   Molal  heat  of  vaporization  in  Kal. 

C^  =  Specific  heat. 

Kal.  =  Kilogram  calories. 


The  Simple  Distillation  of  Hydrocar- 
bon Mixtures' 

By  W.  K.  Lewis  and  Clark  S.  Robinson 

Department  of  Chemical  Engineering,  Massachusetts  Institute  of 
TEcHNOtoGY,  Cambridge,  Mass. 

IN  the  laboratory  the  simple  distillation  of  liydrocarbon 
mixtures  is  most  nearly  represented  by  the  Engler 
distillation,  which  consists  of  the  distillation  of  a  known 
volume  of  mixture  from  a  simple  fiask  and  the  recording  of 
the  relation  between  the  vapor  temperature  and  the  percent- 
age by  volume  of  the  original  mixture  distilled  over.  TVTien 
plotted  the  data  give  a  curve  of  the  type  illustrated  in  Fig. 
1  (.solid  line).  This  Engler  distillation  is  used  universally 
for  the  purpose  of  comparison  of  petroleums  and  petroleum 
distillates,  coal  tar,  light  oUs,  and  other  complicated  hydro- 
carbon mixtures. 

The  other  extreme  from  simple  distillation  is  complete 
fractional  distillation  which  separates  a  mixture  into  its  sev- 
eral pure  components,  giving  a  distillation  curve  of  the  type 
indicated  by  the  broken  line  in  Fig.  1. 


percent  Di-itillcd  Over 

Fio.   1 


100 


'  Published  IIS  Contribution  No.  ].*>  from  the  Dcpiirlmcnt  of  Chemical 
Engineering,  M.  I.  T. 
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It  is  possible  to  predict  the  Engler  distillation  curve  (first 
type)  if  the  composition  of  the  mixture  be  known.  It  is 
theoretically  but  not  practically  possible  to  make  the  reverse 
prediction,  that  is,  the  composition  of  the  mixture,  if  the 
Engler   distillation   curve   be   known.     The   simplest   case, 


of  the  ratio  may  be  taken  as  an  approximate  constant  within 
this  range.  Combining  this  approximation  with  Raoult's 
Law,  the  integrated  Rayleigh  equation  is  as  follows: 

la  —   =    :  I  «    In  -     +  In  ^^  )  (2) 
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that  of  a  mixture  of  two  components,  will  be  taken  for  the 
purpose   of   illustration. 

The  well-kno-mi  Rayleigh  equation  for  simple  distillation 
is  as  follows: 


In 


tt'i 


dx 

y-x 


(1) 


where       w  =  weight  of  liquid  being  distilled, 

X  =  composition  of  Uquid  being  distilled,  and 
y  *=  vapor  in  equilibrium  W'ith  liquid. 

The  integration  of  this  equation  can  be  much  simplified 
if  Raoult's  Law  be  assumed.  Fortunately  mixtures  of  hydro- 
carbons most  frequently  met  with,  such  as  homologs  of  the 
benzene  series,  or  homologs  of  the  metliane  series,  come  very 
close  to  following  this  Law.  It  is  probable  that  any  hydro- 
carbon mixture,  the  boiling  points  of  the  components  of  which 
do  not  differ  too  greatly,  follows  it  closely  enough  for  practical 
purposes. 

In  a  binary  mixture  of  two  members  of  the  same  homolo- 
gous hydrocarbon  series,  such  as  benzene  and  toluene,  whose 
boiling  points  are  not  far  apart,  the  ratio  of  the  vapor  pres- 
sures at  one  boiling  temperature  does  not  differ  greatly  from 
that  at  the  other  boiling  temperature,  and  an  average  value 


where  q  is  the  ratio  of  the  vapor  pressures  of  the  less  volatile 
and  the  more  volatile  components.  In  this  equation,  how- 
ever, M'  is  expressed  as  moles.  The  use  of  this  equation  is 
shown  in  the  following  example: 

One  hundred  moles  of  a  mixture  containing  65  per  cent  by  weight  of 
benzene  and  3.5  per  cent  of  toluene  are  distilled.  This  composition  corre- 
sponds to  a  mole  fraction  of  0,686.  The  ratio  of  the  vapor  pressure  of 
toluene  to  that  of  benzene  at  9.5°  C,  half-way  between  their  boiling  points, 

475 
is  —rz^    =    0.406.     When  the  distillation  has  progressed  to  such    a    point 

that  X,  the  mole  fraction  of  the  benzene  in  the  liquid,  has  dropped  from  the 
original  value  xi  =  0.686  to  X2  =  0.6 


In 


100 


=    0-4fkiH'"'^'+'"0^1^) 


when  a'!  =  60.6. 

The  weight  of  benzene  present  in  the  residue  wi  will  be 
60.6  X  0.6  X  78   =  28.30 
and  that  of  the  toluene  will  be 

60.6  X  0.4  X  92  =  2130 

Total  weight  of  residue 4960 

The  total  weight  of  liquid  at  the  start  was 

100  X  0.686  X  78  =  5350 
100  X  0.314  X  92  =  2890 


The  per  cent  by  weight  distilled  over  will  be 
8240-4960 


8210 


8240 


X  100  =  39.8 


The  temperature  at  which  a  mixture  containing  60  per  cent 
mole  per  cent  benzene  will  boil  at  one  atmosphere  can  be  read 
from  the  boiling-point  curve  shown  in  Fig.  2,  as  89.5°  C, 


Mo/ecu /dP  Wei qht  (M) 


\Jici<jht  Percent  Over  (WJ 


lOO 


Fig.  4 
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giving  a  point  on  tiie  Engler  curve,  if  the  Engler  curve  he 
plotted  as  weight  per  cent  over.  These  calculations  can  then 
be  repeated  for  several  values  of  x-i  as  given  in  Table  I.  These 
values,  plotted  as  a  curve,  are  shown  by  the  solid  line  in  Fig.  3. 

TablK  I 


Per  cen 

t 

Temperature 

XI 

Wl 

Over  by  Weight 

"  C. 

0.686 

100 

87.3 

0.6 

60.6 

39.8 

89.5 

0.5 

36. 9 

61.9 

92.4 

0.4 

23.2 

75.7 

95.6 

0.3 

14.75 

84.3 

98.9 

0.3 

8 .  95 

90.3 

102.4 

0.1 

4.!>7 

95.0 

106.2 

It  is  the  conviction  of  the  writers  that  the  practice  in  all 
Engler  distillations  should  be  so  modified  as  to  eliminate 
partial  condensation  of  the  vapors.  This  can  be  accomplished 
by  providing  a  chimney  around  the  top  of  the  still  so  it  will 
be  jacketed  with  flue  gases  hotter  than  the  vapors.  Super- 
heating the  vapors  cannot  change  their  composition  short 
of  cracking,  but  partial  condensation  does.  The  thermom- 
eter must  be  kept  wet  with  liquid  by  some  sort  of  "percolator." 
These  simple  precautions  will  make  the  Engler  curve  re- 
producible by  anyone  and  independent  of  rate  of  distillation. 


100 


Fig.  7 


The  dotted  line  on  Fig.  3  is  the  Engler  curve  given  by  F". 
E.  Dodge.''  This  curve  was  given  for  volume  per  cent  dis- 
tilled over,  but  in  the  case  of  benzene-toluene  mixtures  weight 
and  volume  per  cents  are  nearly  identical.  When  compared 
with  the  theoretical  curve,  it  shows  unmistakable  evidence 
of  fractional  condensation. 

Coleman  and  Yeoman'  give  a  graph  for  determining  the 
composition  of  benzene  and  toluene  mixtures.  According  to 
them,  when  a  65  per  cent  mixture  is  distilled,  the  tempera- 
ture will  have  reached  90°  C.  when  48  per  cent  has  been 
distilled  over.  This  point  is  indicated  on  Fig.  3  by  an 
arrow.  The  variation  between  the  value  given  by  Dodge  of 
37  per  cent  and  that  by  Coleman  and  Yeoman  of  48  per 
cent,  and  the  calculated  value  of  42.5  per  cent,  indicates 
the  difficulties  which  can  be  expected  from  i)artial  condensa- 
tion in  the  Engler  distillation,  and  emphasizes  the  care  that 
must  be  taken  to  avoid  it. 

-Rogers'  "industrial  Chemistry,"  2nd  edition,  490. 
'J.  Soc.Chem.  InJ..  38  (1919),  612. 


Moreover,  the  results  will  then  have  sound  theoretical  sig- 
nificance. 

The  method  for  the  prediction  of  the  Engler  curve  for 
mixtures  of  more  than  two  components  will  now  be  indicated. 
As  before,  it  depends  upon  the  assumption  of  Raoult's  Law. 

In  order  to  make  the  method  general,  assume  100  g.  of  a 
mixture  with  a  very  large  number  of  components,  all  belong- 
ing to  the  same  homologous  hydrocarbon  series,  as  the  paraf- 
fin series,  whose  boiling  points  as  function  of  their  molecular 
weight  may  be  indicated  at  least  apjiroximately  by  a  curve  of 
the  type  shown  in  Fig.  4,  the  actual  values  lying  between  the 
dotted  lines,  the  solid  line  being  an  average  value.  If  this 
mixture  be  distilled  through  a  fractionating  column  of  suffi- 
cient size  so  that  it  is  separated  into  its  pure  components,  the 
resulting  fractionation  curve  would  resemble  the  dotted  line 
in  Hg.  5.  For  a  large  number  of  components,  this  dotted 
line  could  be  very  closely  represented  by  a  smooth  curve  as 
shown  by  the  solid  line. 

By  combining  the  curves  in  Figs.  4  and  5,  the  curve  shown 
in  Fig.  6,  plotting  1/M  against  w  is  obtained.  The  area 
under  this  curve  up  to  any  value  of  it'  represents 


Fio.  8 


Flo.  S 


484 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  6 
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M 


which  is  the  number  of  gram  moles  distilled  over,  based  on 
the  original  100-g.  sample,  the  total  area  being  the  total 
number  of  moles  in  the  original  100  g. 


Fig.   10 

Indicate  tlie  ratio  of  the  number  of  moles  over  at  an}'  point 
in  the  distillation,  divided  by  the  total  number  of  moles,  by 
the  letter  y.  Comparing  several  ^•alues  of  y  by  means  of  Figs. 
6  and  4,  a  curve  giving  the  relation  between  y  and  i  can 
be  constructed  as  indicated  in  Fig.  7. 

Now  construct  a  curve  at  some  constant  temperature  of 
the  vapor  pressures  of  the  pure  components  in  the  mixture  at 
that  temperature  as  a  function  of  the  boiling  temperatures, 
t,  of  these  same  components  at  one  atmosphere  pressure,  the 
result  being  shown  in  Fig.  8,  where  P  represents  the  vapor 
pressures  of  the  pure  components. 

Figs.  8  and  7  can  be  combined  as  shown  in  Fig.  9,  which  is 
an  isothermal  diagram.  Select  some  pure  comjjonent,  such 
as  that  indicated  by  dy  in  Fig.  9,  which  in  the  pure  state  exerts 
the  vapor  pressure  at  this  constant  temperatOTe  of  P.  When 
in  the  mixture,  however,  its  partial  pressure  (by  Raoult's  Law) 
win  be  Vdy.  The  total  pressure  exerted  by  the  mixture  at 
the  constant  temperature  chosen  will  be  equal  to  the  sum 
of  all  the  partial  pressures  of  the  components  or  will  bey  Fily, 
which  is  the  area  under  the  whole  cur\-e  in  Fig.  9. 


At  the  start  of  a  simple  distillation  at  constant  temperature, 
that  component,  represented  by  dy,  will  start  to  distil  over, 
as  will  anj'  other  component,  d'y,  whose  vapor  pressure  at 
this  temperature  will  be  P'.  When  a  differential  amount 
d{dy)  of  the  first  has  gone  over,  an  amount  d{d'y)  will  also 
have  volatilized.  The  ratio  of  these  amounts  will  equal  the 
ratio  of  their  partial  pressures,  or 


d(dy) 


Pdv 


d{d'y)  Vd'y 

which  when  integrated,  P  and  P'  being  constants,  gives 


(3) 


P'ln 


dy 
dyo 


=  Pin 


d_y_ 
d'yo 


(4) 


If  /  represents  that  fraction  (molal)  of  dy  that  has  not  come 
over  then 

P'ln/ =  Pin/'  (5) 

This  equation  is  the  generalized  form  of  Equation  2.  Since 
in  this  equation  P  and  P'  appear  as  a  ratio,  the  expression  is 
valid  over  any  temperature  range  in  which  the  ratio  remains 
substantially  constant. 

Supjiose  that  d'y  or  /'  represents,  for  instance,  the  most 
\olatile  component  in  the  mixture,  it  is  now  possible  to  cal- 
culate the  fraction  of  all  the  other  components  which  have 
not  gone  over  when/'  has  any  specific  value,  for  instance,  / '  = 
0.10,  by  substituting  the  proper  values  for  P  and  P'  and  solv- 


Fig.   12     (for  /'  =  0.10  isolhermal) 


Fic.   11 


ing  Equation  5  for  /.  These  several  values  of  /  (when  /'  = 
0.10)  can  then  be  plotted  as  a  curve  against  y,  as  shown  in 
Fig.  10. 

The  area  under  this  curve  is  the  total  number  of  moles  of 
all  the  components  which  have  not  gone  over  when/'  =  0.10, 
and  the  area  up  to  any  value  of  y  represents  from  Fig.  9  the 
moles  remaining  in  the  shell  un  to  the  corresponding  value 
of  P. 

Construct  from  Fig.  10,  when  /'  =  0.10,  a  series  of  areas 
for  the  several  values  of  y,  and  plot  as  moles  up  to  that  ^-alue 
of  2/ (Fig.  11). 

Then,  combining  Figs.  11  and  9,  plot  moles  left  in  the 
still  up  to  pressure  P  divided  by  total  moles  left  in  the  still 
'('.  e.,  mole  fraction  up  to  the  point  P)  against  the  corre- 
sponding value  of  P  as  shown  in  Fig.  12.  The  area  under 
this  plot  will  be  the  total  pressure  at  this  ]x>int  in  the  dis- 
tillation from  which  can  then  be  calculated  the  boiling  tem- 
]ierature.  By  repeating  this  process  for  other  \'alues  of  /' 
(for  instance,  0.20)  a  series  of  points  on  the  Engler  curve  can 
be  determined. 
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The  Molal  Entropy  of  Vaporization  as 

a  Means  of  Determination  of 

Heats  of  Vaporization 

By  W.  K.  Lewis  and  H.  C.  Weber 

Department  of  Chemical  Engineering,  Massachdsetts  Institute 
OF  Technology,  Cambridge.  Mass. 

IN  1915,  Prof.  J.  H.  Hildebrand'  pointed  out  that  the 
molal  entropy  of  vaporization,  that  is,  the  latent  heat 
of  vaporization  of  one  mole  of  any  liquid  divided  by  the 
absolute  temperature  at  wliioh  vaporization  takes  place,  was 
nearly  identical  for  all  liquids  when  compared  at  identical 
values  of  vapor  concentration.  Professor  HUdebrand  showed 
data  substantiating  the  claim  for  the  particular  concentra- 
tion of  0.00507  mole  per  liter. 

The  authors  have  found  this  relationship  extremely  helpful 
in  estimating  the  heat  of  vaporization  of  liquids,  but  because 
one  almost  never  wants  the  heat  of  vaporization  at  this 
particular  concentration,  we  have  found  it  advantageous  to 
plot  what  we  term  the  Hildebrand  function.  In  the  plots 
that  follow,  the  ratio  of  molal  heat  of  vaporization  to  absolute 
temperatures  at  which  vaporization  takes  place  has  been 
plotted  against  the  ratio  of  the  pressure  at  which  vaporiza- 
tion takes  place  (expressed  in  atmospheres)  to  the  absolute 
temperature.  As  a  matter  of  convenience,  this  latter  ratio 
has  been  multiplied  by  1000. 

Range  Covered  by  Data 

The  data  include  a  list  of  substances  whose  boiling  points 
range  from  that  of  liquid  nitrogen  to  that  of  boiling  cadmium 
and  zinc.  The  list  includes  elements,  organic  liquids,  and 
inorganic  liquids.  Even  such  substances  as  staimous  chloride, 
ether,  and  water  fall  within  the  range  of  the  curves  indicated 
in  the  plots. 

In  choosing  the  data  the  authors  have,  however,  limited 
themselves  to  pressures  of  about  1  atmosphere  or  less,  but 
this  is  no  very  serious  disadvantage  because  in  chemical 
practice  one  seldom  has  need  of  heats  of  vaporization  at 
pressures  greater  than  one  atmosphere.  In  the  case  of  water, 
ammonia,  and  similar  substances  in  common  use,  tables  are 
available  wliich  give  the  necessary  data  at  higher  pressures. 
We  do  feel,  however,  that  the  data  can  be  safely  extrapolated 
to  pressures  somewhat  in  excess  of  one  atmosphere  with  a 
fair  degree  of  accuracy. 

Interpretation  of  Plots 

We  have  indicated  on  Plot  1  the  location  of  some  fifty-odd 
points.^  It  will  be  noted  that  the  points  fall  in  a  belt  about 
four  units  wide  measured  on  the  vertical  scale.  It  will,  of 
course,  be  found  that  a  curve  drawn  through  the  uppermost 
points  wUI  include  data  belonging  to  water,  ammonia,  alcohol, 
and  other  such  liquids  of  an  associating  or  complex  nature. 
A  curve  drawn  through  the  lowermost  points  wiU  include  all 
data  belonging  to  the  hydrocarbons  and  nonassociating 
liquids. 

In  Plot  2  the  writers  have  drawn  three  such  curves  and  iiave 
indicated  by  method  of  plotting  to  wliich  substances  the 
various  points  apply.  The  determination  of  the  heat  of 
vaporization  of  a  substance  consists  in  deciding  first  of  all 
whether  the  liquid  is  likely  to  be  associated.  If  so,  use  the 
upper  curve;  if  not,  u.se  the  lower  curve.  Having  decided 
which  curve  to  use,  locate  on  the  horizontal  margin  the  value 
of  the  ratio  P/T  (pressure  in  atmospheres  divided  by  absolute 
temperature,  T).    Find  by  the  curve  the  corresponding  value 

'  J.  Am.  Chem.  Soc,  37  (1915),  970. 

"  Hildebrand,  and  Landolt-BOrnstein-Meyerhofer  "TabcUen,"  1913. 


for  Q/T  on  the  vertical  scale.  Multiplying  the  latter  value 
by  T  (the  absolute  temperature)  gives  the  molal  heat  of 
vaporization  for  the  unknown  substance. 

If  one  is  dealing  with  a  given  class  of  compounds,  a  curve 
can  be  drawn  for  this  class  which  is  more  definite  than  if  a 
number  of  types  of  compounds  are  included.  Plot  3  shows 
the  data  for  hydrocarbons,  including  saturated,  unsaturated, 
and  cyclic  compounds.  It  wUl  be  noted  that  no  points  de- 
viate more  than  one  unit  from  the  full  curve  drawn  among 
them,  i.  e.,  the  error  in  no  case  exceeds  5  per  cent.  Tlie 
dotted  curve  represents  the  heat  of  vaporization  calculated 
from  the  vapor  pressure  curves  of  various  hydrocarbons  by  the 
method  of  the  following  article. 
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SUMIIART 

A  variation  in  Professor  Hildebrand's  method  of  plotting 
molal  entropy  of  vaporization  is  presented  which  is  considered 
more  useful  than  the  original  method.  A  wide  range  of  data 
is  presented  to  prove  the  \'alue  of  the  method,  and  means  of 
determining  heats  of  vaporization  are  pointed  out. 

Substance                            /°  C.  L           L/T  Abs.  1000  P/T 

Nitrogen -210             21.  S  2  0 

Bromine - .58  7,280  22.0  3,0 

Mercurv 350  12,400  19.9  1,39 

Carbon'dioxide -56  3,790  17   47  2  35 

Carbon  disulBde 46,2  6,490  20  35  3    13 

Carbon  tetrachloride                                      76  7.140  20  45  2,86 

Acetone 57  7,270  22  0  3,03 

Ether 35  6,500  21,1  3,25 

He.xanc 68  6,820  20,0  2,93 

Pentane 30  6.180  20,4  2,65 

Benzene 80  7,300  20,7  2. 84 

Aniline 183  10,200  22,4  2.19 

Nitrobenzene 152  0,740  22,9  0,46 

Propylacetate 101  8,200  21  9  2,62 

Toluene Ill  7.990  20,8  2,60 

Ethyl  alcohol 78  9,430  26  8  2  85 

Chloroform 61,2  7.040  21    1  3  00 

Methanol 64,7  8. 56S  25,4  2.98 

Propanol 97.2  9,669  20  1  2  70 

Heptane    98  7.500  20.2  2,70 

Chlorine -33,7  4,340  18,1  4,18 

Sulfur  dioxide -10,1  6,160  23,4  3,80 

Hydrogen  sulfide -61  4,497  21,2  473 

f  -34  5.600  23.5  3,98 

Ammonia ^  —  52  ....  26 , 4  1 ,  54 

[  -66             28.9  0,69 

Oxygen -192             21,8  2  09 

Chlorine -73             26,8  0  67 

Pentane -13             26,2  0  51 

Isopentane -11             26.8  0,50 

Hexane +16             26  4  0,46 

Stannic  chloride 55             27.0  0.40 

Octane 66             27.6  0.39 

Bromonaphthalene 199            28.0  0  28 

]Mercury 260             26  8  0.24 

Cadmium 635            29  3  0.15 

Zinc 757            29  9  0  13 

f    SO            31.8  0.38 

60            30  5  0 .  59 

1    SO            28.2  1.33 

Water i  100            26.1  2.68 

40            33.2  0.21 

107            25.3  3.38 

I    24            35.3  0.098 

Dekane 160  S.600  19,85  2.31 

Diisobutyl 90  7,990  22.00  1    55 

Diisopropyl .10  6,708  20.76  2  38 

Diisopropyl 60  6.562  19.73  3,19 

Heptane - 90  7.790  21.45  214 

Hexane 70  6.820  19.89  3  02 

Hexylene 0  7,800  28.57  0.2,53 

Octane 120  8,150  20.7  2.16 

Cyclohexane 80  7.293  20.65  2.76 

m-Xylene 140  8,700  2105  2.42 

;>-Xylene 138  8,600  20.94  2.43 


Determination  of  Heats  of  Vaporiza- 
tion from  Vapor  Pressure  Data' 

By  W.  K.  Lewis  and  H.  C.  Weber 

Department  of  Chemical  Engineering,  Massachusetts  Institute    of 
Technology,  Cambridge.  Mass. 

IX  the  preceding  article  the  authors  pointed  out  a  method, 
for  estimating  heats  of  vaporization  viith  a  considerable 
degree  of  accuracy  from  the  Hildebrand  function.  In 
this  paper  attention  is  called  to  a  method  for  determining  the 
heat  of  vaporization  of  any  liciuid  from  its  vapor  pressure 
curve,  and,  vice  versa,  for  estimating  the  vapor  pressure  curve 
of  a  liquid  in  the  neighborhood  of  one  particular  point  on  that 
curve  the  data  for  which  are  known. 

General  Discussion 

The  vapor  pressure  curves  of  all  liquids  possess  great 
curvature;  consequently  where  only  a  few  points  on  a  curve 
are  known  it  is  very  difficult  to  interpolate  either  mathe- 
matically or  graphically  with  accuracj-.     On  the  other  hand, 

^  Combined  with  preceding  paper  on  Meeting  program,  as  "The  Calcula- 
tion of  the  Heats  of  Vaporization  of  Various  Liquids,  First,  by  Means  of  the 
Hildebrand  Function;    Second,  from  Vapor  Pressure  Curves." 


the  vapor  pressure  curves  of  all  liquids  are  more  or  less  parallel, 
and  it  is  a  fact  that  if  instead  of  plotting  the  vapor  pressure 
of  a  liquid  at  a  given  temperature  one  will  plot  against  the 
temperature,  the  temperature  at  which  some  liquid  of  ref- 
erence, e.  g.,  water,  exerts  the  same  pressure,  one  will  obtain 
a  curve  which  is  very  flat,  often  sufficiently  so  to  be  considered 
a  straight  line  over  quite  a  wide  range  of  temperature.  This 
fact  was  first  developed  by  J.  Johnston.-  The  method  of 
Johnston  is  of  great  value  in  interpolating  ^•apor  pressures 
where  only  a  few  points  on  the  vapor  pressure  curves  are 
available  and  can  be  used  for  extrapolation  over  fairly  large 
temperature  ranges,  for  instance,  20°  to  50°  C,  with  reason- 
able accuracy.  The  probable  error  in  dra^xnng  a  very  fiat 
curve  through  a  number  of  points  is  much  less  than  in  draw- 
ing a  curve  whose  curvature  is  changing  rapidly. 

As  Johnston  pointed  out,  the  above  method  of  plotting 
can  be  utilized  not  merely  for  interpolation  or  extrapolation 
of  vapor  pressures,  but  also  for  the  calculation  of  the  heat  of 
vaporization  of  a  liquid  from  its  vapor  pressure  curve.  It  is, 
however,  equally  possible  to  use  it  for  the  construction  of  a 
vapor  pressure  curve  from  a  single  point  within  a  reasonable 
range  from  that  point. 

The  method  assumes  the  gas  laws  to  apply  to  the  vapor 
and  hence  should  not  be  used  in  this  form  at  pressures  much, 
if  any,  above  one  atmosphere.  Below  one  atmosphere  the 
divergence  of  vapors  from  the  gas  laws  is  almost  always  slight. 

The  Clausius  ecjuation  applied  to  the  vaporization  of  a 
liquid  whose  vapor  follows  the  gas  laws  may  be  WTitten 


(1) 


dp     ^    _l_ 
pdT    ~    RT=' 
This  equation  obviously  applies  also  to  the  liquid  of  refer- 


pudT-i, 


RTV' 


(2) 


The  method  of  plotting  l,^  against  t,  given  above,  is  equiva- 
lent to  placing  p  =  p^,..  when  also  dp  =  rfpa,. 
Dividing  Equations  2  and  1  gives,  therefore, 


dT^ 
dT 


I, 


T 


(3) 


The  left-hand  side  of  Equation  3  is  nothing  more  than  the 
slope  of  the  Tn,— T  plot  mentioned  above.  Furthermore, 
when  this  line  is  substantially  straight  this  slope  may  be 
WTitten  aT-u/NT,  i.  e.,  finite  temperature  chfferences  may 
be  employed  in  calculation.  In  any  case  the  determination 
of  the  slope  of  a  curve  of  slight  cur\ature  can  easily  be  made 
\\ith  precision. 

The  following  example  will  serve  as  an  illustration  as  to  how 
the  heat  of  vaporization  may  be  calculated  from  vapor 
pressure  data: 

At  120°  C.  the  vaf>or  pressure  of  normal  octane  is  646.4  mm. 
The  temperature  at  w-hieh  water  has  the  same  vapor  pressure 
is  95.5°  C.  At  this  temperature  the  heat  of  vaporization  of 
water  is  542.6.  Upon  plotting  a  Tit-T  curve  for  water  and 
octane,  it  will  be  found  that  the  slope  is  0.825. 


■^r-^. 

L 

AT 

"■"""        (18.02)  (542.6) 

L  =  9170 

^=^'™=233 
T       (393) 

1000/)         1000(646.4) 

T             393  (760) 

X 


368  5 \ = 
393 


2.16 


;  Z.  physik.  Chem..  62  (1908).  336,  but  see  also  Phil.  Mag-.  23  [6)  (1912), 
458;   and  Ibid.,  33  [51  (1886),  33. 
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The  same  method  may  l>e  used  for  tlie  estimation  of  vapor 
pressures  from  boiling  points  only.  We  shall  illustrate, 
however,  by  a  hydrocarbon  the  vapor  pressure  curve  of  which 
is  known,  i.  e.,  calculate  the  vapor  pressure  of  toluene  from 
its  boiling  point,  110.4°  C,  in  order  to  be  able  to  compare  the 
result  with  the  experimentally  determined  wapor  pressure. 

The  eciuation  used  to  find  the  heat  of  vaporization  in  the 
previous  examines  serves  here. 


h 


rp   1   =  Slope  of  (Ta,  —  T)  curve.  (1) 


=   0,»tl 


The  value  of  L  in  this  equation  may  be  obtained  from  the 
preceding  article  (Plot  3). 

lOOO;.    .  1000  X  1       „„„ 

— — —     m  this  case  equals =  2.bJ 

T  38;^  .4 

The    \-alue   of    -    corresponding    to   2.G2   from    Plot    3, 

using  the  calculated  curve,  is  22.6,  whence, 
L  =  22.6  X  383.4  =  8650. 
Substituting  this  value  of  L  in  Equation  1, 
^Tu,   __  8650  /  373 

^Vr     ~     18.02-542.6    ^   1^383.4 

(100-/,!,)  =  0.841   (110.4-90) 
/„,  =  82.8°. 

This  means  that  at  82.8°  C.  water  will  have  a  vapor  pres- 
sure equal  to  that  of  toluene  at  90°  C.  This  makes  the  vapor 
pressure  of  toluene  398  mm.  at  90°  C.  Landolt-Bornstein 
gives  a  value  of  405  mm.  for  90°. 

If  the  above  calculations  are  repeated,  using  for  the  heat 
of  vaporization  of  toluene  the  value  given  by  Landolt-Born- 
stein, 7990  at  110.4°,  we  get  a  value  of  420  mm.  for  the  vapor 
pressure  of  toluene  at  90°  C. 

It  w^as  by  calculations  the  reverse  of  the  above  that  all  the 
points  on  the  dotted  curve  of  Plot  3  of  the  preceding  article 
were  obtained.  In  caloilating  vapor  pressures  of  hydro- 
carbons one  should  therefore  use  the  dotted  curve  of  that 
plot. 

While  it  is  true  that  these  equations  assume  that  the  gas 
laws  apply  to  the  vapor,  if  the  vapors,  both  of  the  unknown 
liquid  and  of  the  liquid  of  reference,  deviate  in  the  same 
direction  and  to  the  same  extent  from  the  gas  laws,  the  value 
of  R  for  the  two  vapors  wall  be  identical  and  the  relationship 
between  the  two  liquids  will  be  accurately  expressed  by  Equa- 
tion 3.  As  a  matter  of  fact,  licjuids  have  a  tendency  to  deviate 
in  the  same  direction  from  the  gas  laws,  and  at  low  pressures 
this  method  of  calculation  will  give  results  as  accurate  as 
much  of  the  experimental  data  in  the  literature. 

As  pointed  out  by  Johnston,  it  is  usually  possible  to  find  a 
liquid  of  reference  which  will  give  a  line  nearly  straight,  but 
it  is  easier  to  use  water  and  to  measure  the  actual  slope  at  the 
point  in  question  because  all  the  properties  of  water  are 
accurately  known  and  available. 

Referring  to  the  plot  of  the  preceding  article,  it  will  be 
noticed  that  the  heats  of  vaporization  of  the  hydrocarbons 
as  calculated  by  this  method  (shown  by  the  dotted  curve) 
deviate  from  the  experimental  values  when  P/T  is  high. 
When  P/T  is  low,  the  agreement  is  excellent.  This  is  prob- 
ably due  to  deviation  of  hydrocarbon  vapors  from  the  gas 
laws,  even  below  atmospheric  pressure. 

Nomenclature 

L   =    Molal  heat  of  vaporization. 
P   =   Vapor  pressure  of  the  lifiuid  under  discussion. 
R  =  Tfie  Kas  constant  , 

T   =   Absolute  temperature  in  ^  K. 
/    =  Temperature  in  °  C. 


Summary 

A  method  of  estimating  the  vapor  pressure  of  a  liquid  at 
any  temperature,  one  point  on  whose  vapor  pressure  curve  is 
known,  is  presented,  and  a  method  of  getting  heats  of  vapor- 
ization from  vapor  pressure  data  by  a  consideration  of  the 
Clausius  equation  is  pointed  out. 


Present  Practice  of  Dynamite  and 

Chemically  Pure  Glycerol 

Distillation 

By  J.  W.  Bodman 

Generai.  Man.'Vcer.  WitLiAM  Garrigue  &  Co.,  154  Nassau  St., 
New  York,  N.  Y. 

THE  equipment  and  process  used  in  recent  glycerol 
distillation  practice  are  interesting  not  only  as  ap- 
plied to  glycerol  distillation  but  also  as  represent- 
ing possibilities  in  distilling  other  products,  particularly 
those  liquids  which  show  a  tendency  to  decompose  partly 
when  distilled  directly  or  alone  at  normal  pressure.  As  an 
industrial  process  eliminating  waste  and  conserving  heat  en- 
ergy, modern  practice  in  glycerol  distillation  is  a  good 
example  of  chemical  engineering  efficiency. 

The  principle  of  operation  of  glycerol  distillation  is  illus- 
trated in  the  diagrammatic  cut  in  Fig.  1.  By  following  the 
vapor  piping  s.ystem,  it  is  plain  that  the  system  utilizes  the 
double  effect  or  heat  regenerator  principle  used  in  multiple 
effect  evaporation.  Tliis  principle  is  made  use  of  by  inject- 
ing into  the  still,  instead  of  steam,  the  vapor  from  evaporat- 
ing weak  glycerol  water  (called  sweetwater)  and  by  super- 
heating this  vapor  with  the  hot  glycerol  vapor  from  the  still. 

Appar.^tus'  and  Process 

The  crude  glycerol  in  the  still  is  heated  by  means  of  a  con- 
tinuous closed  steam  coil,  and  the  vaporized  glycerol  is  dis- 
tilled over  in  an  atmosphere  of  superheated  water  vapor 
issuing  from  the  perforated  spider  shown  in  the  illustration. 
The  vapors  from  the  still  enter  the  superheater  or  heat  ex- 
changer where  most  of  the  glycerol  condenses  on  the  copper 
tubes.  In  doing  this,  there  is  a  transfer  of  sensible  heat  as 
well  as  latent  heat  of  condensation  to  the  water  vapors  inside 
the  tubes  which  are  on  their  way  to  the  spider  in  the  still. 
The  glycerol  condensed  in  the  superheater  drops  into  the 
concentrator.  The  uncondensed  glycerol  vapors  pass  to  the 
cooler  or  first  surface  condenser,  where  the  temperature  is  so 
regulated  with  warm  water  supply  that  practically  all  of  the 
remaining  glycerol  is  condensed  and  removed  to  the  concen- 
trator, while  the  uncondensed  steam  vapors,  with  a  small 
per  cent  of  glycerol  vapor,  continue  on  to  the  final  or  sweet- 
water  condenser.  It  will  be  understood  that  temperature 
control  of  the  water  in  the  cooler  condenser  is  regulated  so 
as  to  allow  \ery  little  glycerol  to  enter  the  final  surface  con- 
denser. In  the  final  or  sweetwater  condenser,  as  it  is  called, 
complete  condensation  of  vapors  is  effected  with  cold  water 
in  the  tubes,  and  the  condensate  Hows  by  gravity  to  the 
evaporator  where  it  is  continually  being  boiled  liy  means  of 
either  a  clo.sed  heating  coil  or  a  calandria  steam  chest  de- 
signed much  after  the  manner  of  the  usual  vertical  tube 
calandria  evaporator.  The  source  of  heat  sui)ply  to  the 
calandria  or  coil  in  evaporator  may  be  either  the  exhaust  from 
the  still  coil  or  an  outside  boiler  supply.  Vapor  resulting 
from  the  lioiling  in  the  evaporator  is  carried  through  the 
superheater  or  lieat  exchanger  to  the  still  spider,  and  any 
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Fig.  1 


glycerol  carried  beyond  the  cooler  is  again  accumulated  in 
the  evaporator. 

A  constant  vacuum  is  maintained  throughout  the  entire 
system  by  a  high  duty  dry  vacuum  pump  connected  to  the 
receiver  under  the  final  condenser. 

The  rate  of  distillation  is  controlled  by  a  valve  supplying 
steam  to  the  evaporator  calandria  or  coil.  The  glycerol  in 
the  concentrator  is  maintained  or  brought  up  to  desired 
specific  gravity  by  controlling  the  steam  supply  to  its  coil. 
Water  evaporated  from  the  concentrator  passes  through  a 
vapor  outlet  to  the  sweetwater  condenser.  In  practice,  the 
equipment  is  so  constructed  that  any  trimethyleneglycol 
originally  present  in  the  crude  glycerol  is  driven  from  the  con- 
centrated charge  by  open  steam  injection.  As  a  rule,  how- 
ever, unless  the  crude  glycerol  is  unusually  low  grade,  verj^ 
little  impurities  wiU  accumulate  in  the  concentrator,  but, 
on  the  other  hand,  will  be  collected  in  the  evaporator.  Pro- 
vision is  made  for  the  separation  of  impurities  accumulated 
in  the  evaporator  by  means  of  usual  process  of  fractionation, 
the  evaporator,  condenser,  and  receiver  being  operated  as  a 
separate  unit  for  this  work. 

Before  placing  a  plant  in  operation,  the  vacuum  breakers 
and  other  valves  on  the  various  units  of  equipment  are 
closed  and  the  vapor  valves  opened.  The  vacuimi  pump  is 
then  started  and  this  is  so  coimected  as  to  draw  vacuum  on 
the  entire  equipment.  As  soon  as  the  vacuum  has  reached 
the  desired  height,  the  crude  glycerol  feed  line  to  the  glycerol 
still  is  opened  and  the  still  filled  until  3  or  4  in.  of  crude 
glycerol  show  in  the  gage  glass. 


The  next  step  is  to  feed  fresh  water  to  the  sweetwater 
evaporator  until  6  or  8  in.  show  in  the  gage  glass.  After 
this  is  done,  high  pressure  steam,  preferably  150  lbs.  gage  at 
the  still,  is  turned  into  the  closed  still  coil.  It  is  important 
that  this  coO  be  kept  free  from  water  so  that  it  wiU  at  all 
times  be  under  steam  pressure.  It  is  not  difficult  to  main- 
tain this  condition  if  the  valve  on  the  still  coil  discharge  is 
properly  regulated. 

Following  this,  a  small  amount  of  steam  is  turned  into  the 
evaporator  closed  coO  or  calandria.  This  is  regulated  so  that 
the  water  in  the  evaporator  will  begin  to  boil  at  the  time  the 
crude  glycerol  reaches  the  distilling  temperature.  By  this 
time,  the  vacuum  pump  will  have  reached  maximum  vacuum 
obtainable  on  the  distilling  sj'stem.  The  vacuum  gage  should 
register  within  1  in.  of  the  barometer  reading. 

There  is  perhaps  more  danger  of  priming  the  still  at  the 
beginning  of  operation  than  at  any  other  period  because  if 
the  glycerol  is  fed  into  the  operating  level  of  3  or  4  in.  showing 
in  the  gage  glass  and  closed  steam  turned  on  -nith  the  vacuum 
too  low,  the  distillation  wiU  start;  under  these  circumstances 
it  is  very  easy  to  carry  over  crude  glycerol  beyond  the  catchall, 
thus  contaminating  dj-namite  glycerol  in  the  concentrator. 

As  pointed  out  above,  when  the  water  in  the  evaporator 
begins  to  boU,  the  vapors  pass  through  the  superheater  con- 
denser tubes  and  are  then  injected  into  the  crude  glycerol  in 
the  stiU  through  a  special  spray.  In  passing  tlu-ough  the 
superheater,  vapors  from  the  evaporator  are  superheated  by 
hot  glycerol  vapors  which  surround  the  superheater  tubes. 
This  exchange  of  heat  between  the  high  temperature  vapors 
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from  the  still  and  the  low  temperature  vapors  from  the 
evaporator  results  in  the  condensation  of  glycerol  which 
passes  with  the  flow  of  uncondensed  vapor  into  the  receiver 
and  drops  from  the  receiver  into  the  concentrator. 

Uncondensed  glycerol  vapors  which  have  passed  the  super- 
heater or  heat  exchanger,  as  it  may  be  termed,  pass  on  to  the 
second  condenser,  which  is  termed  a  cooler  condenser.  The 
water  supply  to  this  second  condenser  is  regulated  so  that 
practically  all  of  the  glycerol  is  condensed,  but  under  the 
vacuum  maintained  on  the  system,  little  of  the  steam  vapors 
are  condensed.  The  glycerol  recovered  from  the  cooler 
passes  to  the  second  receiver  and  from  there  flows  by  gravity 
to  the  concentrator.  From  the  second  receiver  the  vapors 
containing  only  slight  traces  of  glycerol  pass  to  the  final  con- 
denser, which  is  operated  cold  and  condenses  all  remaining 
steam  and  glycerol  vapors.  Tliis  condensate,  or  sweetwater 
as  it  is  called  in  practice,  drops  into  the  third  receiver  from 
which  it  flows  by  gravity  to  the  sweetwater  evaporator. 
From  there  it  is  again  introduced  into  the  still  in  the  form  of 
superheated  water  vapor,  thus  completing  the  cycle. 

In  practical  operation,  the  stUl  is  given  all  the  injection  it 
will  take  from  the  evaporator  without  causing  it  to  prime  or 
to  give  a  salty  distUlate.  A  sample  of  the  liquor  passing  to 
the  concentrator  is  taken  from  time  to  time  and  tested  for 
salt. 

It  is  apparent  that  an  increase  in  the  amount  of  steam  to  the 
evaporator  coil  will  cause  a  fall  in  the  vacuiun  in  the  evapora- 
tor due  to  the  more  rapid  generation  of  steam.  The  point 
necessary  to  watch  in  this  connection  is  that  the  vacuum 
does  not  fall  so  low  that  the  sweetwater  in  the  receiver  under 
the  final  condenser  wiU  not  flow  to  the  evaporator.  The 
difference  in  vacuum  between  the  evaporator  and  the  still  is 
limited  by  the  difference  in  height  between  the  liquor  in  the 
sweetwater  receiver  and  the  liquor  level  in  the  evaporator. 
An  operator  readily  learns  how  much  he  can  open  the  valve 
on  the  steam  line  to  evaporator  closed  coU  or  calandria  so  as 
to  secure  the  proper  amount  of  water  vapor  injection  in  the 
stiU  and  at  the  same  time  maintain  the  necessary  relative 
vacuum  between  the  evaporator  and  the  still. 

While  the  above  operation  is  going  on,  high  gravity  glycerol 
liquor  is  accumulating  in  the  concentrator.  When  this  shows 
in  the  lower  gage  glass  of  the  concentrator,  steam  is  turned 
into  the  concentrator  closed  coil,  care  being  taken  at  the 
beginning  not  to  force  evaporation,  as  this  might  reduce  the 
vacuum  on  the  entire  system. 

Water  evaporated  from  the  concentrator  passes  through 
the  final  condenser  and  thence  into  the  sweetwater  receiver 
to  be  returned  to  the  evaporator.  After  glycerol  accumulates 
in  the  concentrator  and  becomes  more  concentrated,  the 
temperature  will  rise  to  about  250°  F.  This  temperature 
drives  most  of  the  water  off  as  rapidly  as  it  runs  from  the 
first  and  second  receivers,  so  that  there  is  no  difficulty  in 
finishing  to  the  required  specific  gravity  for  dynamite  glycerol 
(1.262  at  15.5°  C.)  while  the  stUl  is  being  cleaned  out  and  pre- 
pared for  the  next  run.  The  concentrator  charge  is  usually 
considered  finished  when  the  temperature  rises  to  340°  F. 
under  full  vacuum. 

After  the  plant  has  been  in  operation  about  0.75  hr.,  it 
will  be  found,  if  conditions  are  normal,  that  the  glycerol  liquor 
running  to  the  concentrator  will  test  between  25°-28°  B^., 
while  the  sweetwater  returning  to  the  evaporator  will  test 
less  than  1°  B6.  Under  these  conditions,  the  maximum 
amount  of  glycerol  is  going  to  the  concentrator  to  be  made 
into  dynamite  grade. 

The  still  may  be  fed  constantly  or  intermittently.  In  any 
event,  care  must  be  taken  not  to  carry  too  higii  a  liquor 
level  in  the  still.  Three  or  four  inches  in  the  gage  glass  is 
considered  a  good  operating  level.    After  the  plant  is  well 


started,  the  glycerol  level  in  the  still  is  the  only  point  which 
requires  much  attention. 

It  is  general  practice  to  wash  the  still  out  once  a  day.  The 
last  feeding  to  the  still  should  be  made  so  as  to  allow  sufficient 
time  for  the  still  to  run  down  to  foots  before  stopping  the 
distOlation  to  wash  out.  It  requires  on  the  average  about  2.5 
hrs.  time  to  distil  glycerol  foots  to  dryness  from  an  operating 
level  of  3  in.  in  the  gage  glass.  The  actual  time  recjuired 
depends  upon  the  quality  of  the  crude,  the  amount  fed  to  the 
still,  and  the  degree  of  drjTiess  desired.  If  the  foots  are  to  be 
run  to  the  sewer,  running  down  to  dryness  is  an  important 
detail  of  the  operation.  An  experienced  operator  soon  learns 
the  exact  length  of  time  to  allow  for  finishing  foots,  depending 
upon  the  character  of  material  he  is  handling. 

After  the  foots  have  been  finished  properly,  steam  is  shut 
off  from  the  coils  of  the  still  and  evaporator,  and  the  vapor 
valve  at  the  catchall  closed.  The  valve  on  the  line  from  the 
sweetwater  receiver  to  the  evaporator  is  also  closed.  Then 
the  valve  on  the  line  from  the  receivers  to  the  concentrators 
is  closed  so  as  to  prevent  any  liquor  which  might  remain  in 
this  line  from  running  to  the  concentrators  and  diluting  the 
finished  glycerol.  This  done,  the  stUl  and  the  evaporator  are 
completely  cut  off  from  the  rest  of  the  equipment  and  the 
glycerol  in  the  concentrator  may  be  finished,  that  is,  boiled 
down  to  the  proper  specific  gravity  while  the  still  is  being 
washed  out.  The  vacuum  breaker  on  the  sweetwater  evap- 
orator is  then  opened.  In  doing  this,  the  vacuum  on  the  still 
is  broken  through  the  perforated  cross.  It  is  important  that 
the  vacuum  on  the  still  be  broken  through  the  sweetwater 
evaporator,  because  if  broken  by  means  of  the  vacuum  breaker 
on  the  still  catchall,  the  foots  are  drawn  through  the  injection 
pipe  back  into  the  evaporator  and  might  plug  up  this  line. 
After  the  vacuum  is  completely  broken,  the  vacuum  breaker 
valve  on  the  still  catchall  is  opened  and  the  sweetwater  evapo- 
rator emptied.  This  sweetwater  may  be  concentrated  to  a 
glycerol  which  is  known  as  yellow  distilled  glycerol,  or  may 
be  returned  to  dilute  glycerol  liquors  and  concentrated  with 
them  in  a  crude  glycerol  evaporator. 

In  washing  out  the  glycerol  still  at  the  end  of  a  run,  only 
a  little  water  should  be  run  in  at  first;  otherwise,  because  of  the 
high  temperature  of  the  foots  and  still  coil,  steam  pressure 
may  be  generated  which  would  have  a  tendency  to  spring  the 
still  joints  and  cause  leakage.  In  order  to  avoid  this,  care 
should  be  taken  that  the  vacuum  breaker  on  the  still  is  open. 
As  soon  as  pressure  on  the  stUl  is  relieved  after  introduction 
of  the  first  wash  water,  more  water  is  run  into  the  still  and 
steam  turned  into  the  coil,  leaving  the  coil  drain  valve  open. 
The  wash  water  is  brought  to  a  boil  and  the  still  washed  out. 
In  some  cases  the  upper  portion  of  the  closed  coil  in  the  still 
is  washed  out  by  introducing  water  from  a  perforated  pipe 
placed  above  the  coil.  If  the  glycerol  foots  are  to  be  wasted, 
the  first  wash  water  should  be  enough  to  show  in  the  gage 
glass.  Tills  dilutes  the  foots  sufficiently  so  that  the  liquor  is 
readily  pumped.  After  boiling  for  a  few  minutes,  the  water 
is  drawn  off  and  the  operation  repeated  until  the  still  is 
thoroughly  cleaned. 

If  the  glycerol  foots  are  to  be  saved,  they  are  not  distilled 
to  comijlete  dryness.  Before  dropping  into  the  foots  tank, 
several  inches  of  water  should  be  placed  in  the  foots  tank,  as 
otherwise  the  foots  will  stick  to  the  tank  and  give  trouble  in 
getting  into  solution. 

After  the  glycerol  in  the  concentrator  has  been  brought  up 
to  the  proper  specific  gravity,  the  concentrator  is  emptied 
and  the  distilling  system  made  ready  for  the  next  run. 

The  finished  dynamite  glycerol  from  the  concentrator  is 
pumped  to  the  glycerol  receiving  tank  whore  a  small  amount 
of  bleach  is  added.  The  amount  of  bleach  used  varies  with 
character  of  stock  distilled  and  the  color  required  in  the  fin- 
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ished  product.  As  a  general  rule,  1  lb.  of  bleach  per  1000  lbs. 
of  glycerol  i.s  used.  On  a  good  grade  of  dynamite  glycerol  it 
is  only  necessary  to  clarify  the  finished  product.  The  glyc- 
erol, together  with  the  bleach,  is  circulated  from  the  receiv- 
ing or  bleaching  tank  through  a  filter  press  back  into  the 
receiving  tank.  This  operation  is  continued  until  the  glyc- 
erol is  sufficiently  clear  for  the  desired  purpose.  The  finished 
glycerol  is  then  run  into  a  drumming  tank  and  either  drummed 
or  put  in  other  suitable  receptacles  ready  for  shipment. 


Fig. 


The  above  gives  us  in  brief  the  operating  cycle  in  the  pro- 
duction of  dynamite  glycerol  in  a  typical  modern  glycerol 
distillation  plant. 

C.  P.  Glycerol 

The  principle  of  operation  is  the  same  in  the  production  of 
chemically  pure  glycerol.  For  this  work  a  double  unit  dis- 
tillation plant  is  usually  installed.  An  illustration  of  this 
plant  is  given  in  Fig.  3.  One  side  of  this  distilling  plant  oper- 
ates continuously  in  the  production  of  dynamite  glycerol, 
while  on  the  other  side  the  dynamite  glycerol  is  redistilled 
for  the  production  of  chemically  pure  grade.  If  the  crude 
glycerol  as  fed  to  the  dynamite  stiU  is  sufficiently  pure,  chem- 
ically pure  grade  can  be  produced  bj'  redistillation  only.  In 
other  cases,  it  is  necessary  to  give  the  glycerol  liquors  an 
intermediate  treatment  between  the  dynamite  and  C.  P. 
stage.  In  some  eases  this  treatment  consists  of  diluting, 
giving  a  lime  treatment  witli  subsequent  concentration  and 
redistillation,  while  in  other  cases  the  diluted  dynamite  glyc- 
erol is  treated  with  zinc  shavings  in  the  presence  of  weak 
hydrochloric  acid.  Nascent  hj'drogen  produced  in  this  way 
in  the  glycerol  liquors  has  a  pronounced  bleaching  effect. 
Dynamite  glycerol  after  being  treated  in  this  manner  is  again 
concentrated  and  redistilled. 

There  is  no  measurable  loss  in  the  operation  of  a  glycerol 
distillation  jjlant  as  described  above  with  steam  pressure  at 
150  lbs.  The  practical  loss  depends  upon  the  disposition  of 
the  foots.  If  these  foots  are  treated  for  the  recovery  of  their 
glycerol  content  as  crude  glycerol  and  repeatedly  returned 
to  the  still ,  there  -nill  be  obtained  a  full  yield  of  refined  glycerol. 

The  percentage  of  glycerol  in  the  foots  depends  upon  the 
quality  of  the  crude  with  special  reference  to  the  content  of 


total  nonvolatile  matter.  Further,  as  pointed  out  above,  it 
depends  upcju  the  disposition  to  be  made  of  the  foots  how  dry 
it  is  desirable  to  distil  them.  Nonvolatile  residue  will  vary 
from  10  to  about  15  per  cent  in  the  crude.  The  distillation 
can  be  carried  to  a  point  where  this  will  retain  as  high  as  25 
per  cent  of  its  weight  of  glycerol,  or  if  the  crude  contained 
10  per  cent  of  nonvolatile  matter  and  85  per  cent  glycerol, 
there  would  be  2.5  lbs.  pure  glj^cerol  remaining  in  the  foots 
per  100  lbs.  of  crude,  or  about  3  per  cent  of  the  total  glycerol 
present.  With  ordmary  fair  crude  glycerol  containing  15 
per  cent  residue  and  80  per  cent  glycerol,  there  would  be 
between  4.5  and  5  per  cent  of  the  total  glycerol  in  the  foots. 

It  is  considered  good  practice  in  distilling  all  crudes  from 
which  the  foots  can  be  reworked  to  give  the  foots  a  thorough 
treatment  so  that  it  is  not  necessary  to  pay  special  attention 
to  the  percentage  of  glycerol  in  the  foots.  It  is  easier  to  clean 
the  still  if  the  distillation  is  not  carried  too  far,  and  the 
capacity  of  the  still  is  increased.  Of  course,  an  exorbitant 
amount  of  glycerol  is  not  left  in  the  foots  in  any  case.  The 
aim  is  to  have  the  residue  of  160°  C.  on  the  crude  carry  40 
per  cent  of  its  weight  of  glycerol,  in  which  case  the  ordinary 
crude  would  leave  6  lbs.  of  glycerol  in  the  foots  per  100  lbs.  of 
crude,  or  between  7  and  8  per  cent  total  glycerol  present. 

Average  practice  will  obtain  90  per  cent  of  the  total  glyc- 
erol in  the  crude  in  the  distillate  that  is  ready  for  boiling 
domi  to  dynamite  glycerol. 

The  following  figures  show  the  distribution  of  glycerol  re- 
covered on  a  typical  dynamite  glycerol  plant  test.  These 
figures  are  fairly  accurate,  although  not  exactly  so,  as  some 
weights  are  calculated  from  measurement.  However,  they 
illustrate  our  purpose: 

Sweetwater  in  evaporator,  lbs 1000 

Glycerol  by  sp.  gr..  per  cent 32.07 

Glycerol,  lbs ,320.7 

Sweetwater  in  receiver,  lbs 1900 

Glycerol  by  sp.  gr.,  per  cent 3.00 

Glycerol,  lbs 57.0 

Foots,  lbs 3600 

Glycerol  by  analysis,  per  cent 13 .  26 

Glycerol,  lbs 477,  36 

Glycerol  in  concentrator,  lbs 17885 

Glycerol  by  analysis,  per  cent 99.29 

Glycerol,  lbs 17,  758 

Crude  glycerol  fed.  lbs 23900 

Glycerol  by  analysis,  per  cent 79.4 

Glycerol,  lbs 18,  976 

Summary 

Glycerol  in  crude.  lbs 18,  976 

Glycerol  recovered  in  Sweetwater,  lbs 378 

Glycerol  recovered  in  foots,  lbs 477 

Glycerol  in  dynamite,  lbs 17,758 

Total  Recovery 18,613 

Summary  of  Per  cent  Yields 

Dynamite  glycerol 94. 1 

Sweetwater 1-9 

Foots  (by  difference) 4.0 

The  advantages  of  the  distilling  system  described  over  older 
types  will  be  apparent  to  those  familiar  with  past  methods. 
For  the  benefit  of  those  not  familiar  with  developments  in 
this  field,  it  may  be  stated  that  it  was  formerly  the  practice 
to  distil  the  glycerol,  using  expanded  and  reheated  steam. 
The  source  of  supply  for  the  open  injected  steam  was  a  boiler 
outside  of  the  glycerol  distilling  system,  so  that  there  was  a 
continuous  accumulation  of  sweetwater  which  had  to  be  re- 
evaporated  in  order  to  recover  its  glycerol  content.  The 
vapors  resulting  from  this  evaporation  were  not  utilized  in 
distilling  glycerol  but  were  condensed  and  run  to  the  sewer. 
It  will  thus  be  seen  that  the  amount  of  sweetwater  which  was 
concentrated  under  the  older  systems  was  much  greater  than 
is  now  required,  in  fact,  the  amount  of  sweetwater  concen- 
trated in  a  modern  plant  consists  only  of  the  fresh  water 
charged  to  the  sweetwater  evaporator  when  starting  up  the 
plant  plus  the  water  present  in  the  original  crude  glycerol. 
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The  saving  wliidi  is  thus  effi'ctod  is  cjpar  fmni  llic  fdliowing 
tigur("s: 

Assuming  2  lbs.  of  injectod  open  steam  in  the  still  per  lb. 
of  dynamite  glycerol  produced,  a  plant  producing  800  lbs.  of 
glycerol  per  hr.  would  inject  11 ,420,000  lbs.  of  steam  per  year, 
or  38,000  lbs.  of  steam  would  l)e  injected  in  the  still  per  work- 
ing day.  On  a  yearly  basis,  this  amounts  to  335,000  b.  h.  p. 
At  a  rate  of  2  eents  per  b.  h.  p.,  the  cost  of  evaporating  the 
Sweetwater  olitained  in  one  year's  operation  would  anioinit 
to  $6700.  As  all  of  the  steam  openly  injected  in  the  still 
nuist  be  transferred  and  finally  e\-aporated  to  sweetwater 
crude  which  is  again  distilled,  the  amount  of  1(5700  repre- 
sents the  saving  of  a  modern  plant  compared  with  older  types, 
considering  only  the  feature  of  sweetwater  evaporation. 

The  controlling  of  glycerol  passing  to  the  sweetwater  con- 
denser by  means  of  water-cooled  condensers  in  place  of  air 
condensers  and  the  including  of  evaporator  and  concentrator 
equipment  as  part  of  the  glycerol  distilling  set  under  the  same 
vacuum  system  rather  than  operating  them  as  separate  units, 
represents  another  essential  difference  between  modern  and 
old  type  plants.  Present  practice  permits  the  recovery  of 
moi'e  than  90  per  cent  of  the  glycerol  in  the  crude  in  the  form 
of  dynamite,  against  about  75  per  cent  in  former  methods,  or 
about  20  per  cent  more  glycerol  is  obtained  in  the  form  of 
dynamite  grade  by  means  of  modern  equipment.  On  a  plant 
of  800  lbs.  per  hr.  capacity,  this  amounts  to  an  additional 
.saving  of  $11,520  per  year,  assuming  the  refining  cost  at  only 
1  cent  per  pound. 

SUMM.\RY 

Modern  glycerol  distillation  equipment: 

1 — Enables  marked  economies  in  steam  and  power  con- 
sumption. 

2 — Gives  highest  glycerol  yields  by  eliminating  loss  of 
glycerol  through  handling  and  evaporating  large  quantities 
of  sweetwater. 

3 — Gives  maximum  recovery  of  glycerol  in  the  form  of  high 
gravity  dynamite  or  C.  P.  glycerol  in  a  single  distillation. 

4 — Greatly  economizes  floor  space,  by  including  the  evapo- 
rator and  concentrator  units  as  part  of  the  distillation  system 
and  under  the  same  vacuum  svstem. 


Wood  Turpentine 

[ABSTRACT] 

By  C.  A.  Lambert 

Hercules  Powder  Co.,  Hattiesburg,  Mississippi 

WOOD  turpentine   is  made  from  stumps,  down  wood, 
and  sawmill  slabs,  by  destructive  distillation  or  by 
steam   distillation,  while  spirits  of  turpentine  is  the 
volatile  part  of  the  oleoresin  exudate  from  the  scarified  living  tree. 
In  the  manufacture  of  steam  distilled  turpentine,  14-ton  lots 
of  finely  shredded  material  are  di.stilled  with  steam  at  approxi- 
mately atmospheric  pressure.     The  average  recovery  from  each 
charge  is  112  gal.  of  crude  turpentine,  or  8  gal.  per  ton  of  wood. 
The  physical  characteristics  of  the  crude  product  are: 

Specific  gravity.  15°  C 0.877 

Distillation  range: 

5  per  cent  over  at  162°  C. 

48  per  cent  over  at  170°  C. 

95  per  cent  over  at  212°  C. 
Unpolymerized,  per  cent 0.8 

The  crude  turpentine  consists  largely  of  a-pinenc,  dipentcne, 
and  a-terpineol.  There  have  also  been  isolated  /3-pinenc,  cam- 
phene,  d-  and  Mimonenc,  cineol,  fenchyl  alcohol,  and  other 
tcrpcne  derivatives  and  hydrocarbons. 


Spirits  of  turpentine  is  largely  a  mixture  of  a-  and  /3-pinene, 
and  the  problem  of  the  wood  turpentine  manufacturer  is  to  dis- 
til his  crude  oil  in  such  a  way  as  to  secure  a  product  as  nearly 
as  po.ssiblc  like  the  best  grade  of  spirits.  Technical  control 
has  improved  the  product  to  a  point  where  practical  tests  cannot 
distinguish  the  distilled  product  from  the  spirits. 

The  crude  product  is  distilled  over  soda-ash  from  a  refining 
still  provided  with  a  Hempel  or  Barbet  plate  column.  About 
00  per  cent  of  the  crude  turpentine  is  made  into  so-called  pure 
wood  turpentine  and  40  per  cent  into  pine  oil. 

The  physical  properties  of  the  pure  wood  turpentine  are  as 

follows: 

Specific  gravity,  13°  C 0.863 

Retractive  index.  20°  C 1 . 408 

Unpolymerizable.  per  cent 1.4 

Refractive  index,  residue,  20°  C 1  .490 

Initial  boiling  point,  °  C 153 

Distillation  range: 

lU  per  cent  below  170°  C. 

Color Standard  or  better 

Acidity Trace 

Water Trace 

A  large  sample  of  pure  wood  turpentine  distilled  through  a 

Hempel  column  gives  the  following  fractions: 

Identified  as: 
Approximately     2  per  cent  below  150°  C. 
Approximately  70  per  cent  below  160°  C.  a-Pinene 

Approximately     'S  per  cent  below  168°  C.  ^-Pinene 

Approximately  15  per  cent  below  190°  C.  Dipentene  and 

terpinene 
Approximately     7  per  cent  below  350°  C.  Terpineol,  heavier 

terpene     derivatives 
and  polymers 

From  the  heavy  ends  of  the  crude  turpentine,  steam  distilled 
pine  oil  is  obtained  by  fractionation.  It  is  a  mixture  of  di- 
pentene, terpineol,  and  other  terpene  derivatives,  with  the 
following  physical  properties: 

Specific  gravity,  15°C 0.930  to  0.938 

Unpolymerizable.  per  cent 3  to  3.5 

Refractive  index.   20°  C 1 .479 

Color Very  light  straw 

Odor Pine  oil 

Water,  maximum  per  cent    1.6 

Boiling  range: 

Per  cent  °  C. 

5  1,S9 

10  198 

20  204 

30  206 

40  208 

50  210 

60  212 

70  213 

80  214 

90  217 

95  222 

Physical  characteristics  can  be  varied  considerably  to  meet 
demands  for  flotation  oils,  paints,  disinfectants,  and  pharmaceu- 
ticals. 


Benzene  Purification 

[ABSTRACT) 

By  S.  S.  Heide 

1922  Ave.  G,  Ensley,  Alabama 

CRUDE  light  oil  is  recovered  from  by-product  coke  oven 
gas  by  absorption  in  paraffin  oil.     It  varies  in  color  from 
light  straw   to  dark  amber,  according  to  its  contamina- 
tion with  the  wash  oil  used  in  its  recovery.      Its   composition 
is  as  follows: 

Per  cent 


I'inished  fore  runnings 

1.00 

C.  P.  benzene 

62.00 

C.  P.  toluene 

16.00 

Refined  light  solvent 

3.00 

Crude  heavy  solvent 

4, 50 

Naphthalene 

2.50 

Finishing  still  residue 

4,00 

Wash  oil 

5.00 

Acid  washing  loss 

3  00 

The  first  step  in  the  purification  of  benzene  is  distillation  of 
the  crude  lig'it  oil  in  a  coliMiin  with  indirect  steam  The  cuts 
are  as  follows: 
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Per  cent  of  Light  Oil  Used 


Distillation 


90  per  cent  crude  benzene  70.0 

90  per  cent  crude  toluene  13.5 
Crude  light  solvent  4 . 5  F. 

Crude  heavy  solvent  4.5  F. 

Residue: 

Naphthalene  2.5 

Wash  oil  5.0 

Total 100 


90  per  cent  100°  C. 

90  per  cent  120°  C. 
D.  130°  C.  90  per  cent  160°  C. 
D.  160°  C.    90  per  cent  200°  C. 


The  crude  heavy  solvent  may  be  used  directly  as  a  fuel  oil 
or  as  a  solvent  in  mixing  pitch  paints.  By  polymerization  large 
yields  of  recin  may  be  obtained  from  this  fraction.  Naphtha- 
lene is  separated  from  the  naphthalene-wash  oil  residue  by  crys- 
tallization, and  the  wash  oil  is  returned  to  the  scrubbing  system. 

The  crude  distillation  fractions  are  separately  washed  with 
sulfuric  acid  in  lead-lined  agitators.  The  benzene  fraction  is 
rather  difficult  to  wash  down  to  a  proper  color  test,  on  account 
of  the  nature  of  the  acid  sludge  produced  in  the  washing.  A 
clean  separation  is  obtained  in  the  toluene  fraction.  The  light 
solvent  fraction  heats  up  violently  and  produces  a  very  viscous 
and  easily  emulsified  product. 

After  a  water  wash,  the  acid-washed  product  is  neutralized 


Finished  fore  runnings 
C.  P.  benzene 
Rerun  benzene 


with  caustic  soda,  soda-ash  or  milk  of  lime,  and  is  then  fraction- 
ated in  a  column  still  if  a  C.  P.  product  is  desired.     Thecutsare: 

C.  p.  toluene 
Rerun  toluene 
Refined  light  solvent 

The  residue  in  the  still  is  a  resinous  material,  somewhat 
similar  to  the  polymerized  coumarone  and  indene  compounds 
found  in  the  crude  heavy  solvent.  This  material  is  disposed 
of  as  a  fuel,  preferably  mixed  with  crude  heavy  solvent  or  tar. 
The  refined  light  solvent  is  essentially  a  mixture  of  the  three 
xylenes.  These  are  separated  by  sulfonation  to  remove  the 
meta  compound,  followed  by  fractional  distillation  of  the  p-  and 
o-xylenes. 

The  writer  has  recently  observed  the  manufacture  of  C.  P. 
benzene  in  which  the  crude  motor  benzene  fraction,  containing 
all  the  benzene,  toluene,  and  light  solvent  present  in  the  original 
light  oil,  was  washed  and  distilled  for  C.  P.  benzene.  The  prod- 
ucts gave  better  color  tests  than  were  obtained  by  washing  and 
distilling  the  90  per  cent  crude  benzene  fraction,  less  acid  was 
required,  a  better  separation  was  obtained  in  the  agitator,  and 
very  good  yields  of  C.  P.  benzene  were  obtained. 


The  Efficiency  and  Design  of  Rectifying  Columns  for 

Binary  Mixtures'' 

By  W.  K.  Lewis 
Department  of  Chemical  Engineering,  Massachusetts  Institute  op  Technology,  Cambridge,  Massachusetts 


Basic  cqualions  of  general  applicability  have  been  derived,  by 
means  of  which  it  is  possible  to  calculate  the  theoretical  rate  of  rec- 
tification within  any  column  from  the  terminal  conditions  and  the 
amount  of  overflow,  and  compare  this  rate  with  that  actually  real- 
ized. The  results  of  these  calculations  have  been  found  to  agree 
satisfactorily  with  actual  tests.  A  complete  example  has  been  com- 
puted showing  the  use  of  these  equations  in  the  design  of  a  con- 
tinuous column,  the  determination  of  minimum  overflow,  of  the  best 
practical  overflow,  of  the  number  of  plates  required  and  of  the  point 
of  introduction  of  the  feed. 

A  FRACTIONATING  column  is  an  apparatus  designed 
to  enrich  the  volatile  components  in  the  vapors  arising 
from  a  stiU  by  aOowing  these  vapors  to  interact  with 
condensate  produced  by  the  partial  condensation  of  the 
vapors  previously  given  off  by  the  same  stiO.  The  most 
familiar  type  of  column  employs  a  succession  of  plates  covered 
with  liquid  through  which  the  vapor  bubbles.  The  mathe- 
matical theory  of  such  a  column  as  appUed  to  the  distillation 
of  binary  mixtures  was  first  developed  by  Ernest  Sorel,^ 
who  calculated  the  enrichment  from  plate  to  plate  by  equat- 
ing the  amount  of  energy  and  of  matter  entering  and  lea\'ing 
each  plate  and  by  assuming  that  equilibrium  was  realized 
between  the  vapors  and  the  liquid  through  which  they 
bubbled.  Sorel  applied  his  method  successively  from  one 
plate  to  the  next  in  a  column.  In  consequence  the  com- 
putations become  very  involved  and  it  is  difficult  to  vis- 
ualize what  is  taking  place.  The  following  is  merely  a 
modification  of  Sorel 's  method,  which  simplifies  computa- 
tion and  makes  it  possible  to  present  results  in  gi-aphical 
form. 

The  derivation  will  assume  a  column  in  continuous  opera- 
tion, with  the  feed,  i.  e.,  the  binary  mixture  to  be  separated, 
entering  the  middle  of  the  colimin .    The  results  may,  however, 

'  Received  April  11,  1922. 

'  Published  as  Contribution  No.  16  from  the  Department  of  Chemical 
Engineering.  M.  I.  T, 

•  "La  Rectification  de  I'alcohol,"  Paris,  1893. 


be  applied  to  a  discontinuous  column  at  any  particular  instant 
during  its  operation,  pro\ided  the  amount  of  condensate 
in  the  column  is  small  in  proportion  to  the  amount  in  the 
stiU. 

Constant  Molal  Overflow 

Wliere  a  column  is  large  so  that  its  surface  area  is  small 
compared  with  the  amount  of  vapor  rising  through  it  or 
where  a  small  column  is  properly  lagged,  heat  loss  from  the 
sides  by  radiation  and  conduction  is  neghgible  in  comparison 
with  the  heat  quantities  carried  by  the  vapor  up  through 
the  column.  As  the  vapor  rises  through  the  column  and 
part  of  it  condenses  upon  a  given  plate,  an  equivalent  amount 
of  liquid  must  be  vaporized  from  that  plate  so  that  its  heat 
of  vaporization  will  equal  that  of  the  condensed  vapor. 


/r/i?-^ 
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Liquids  can  bo  divided  into  two  groups,  the  associating 
and  nonassociating  liquids.  Within  each  group  the  molal 
heat  of  vaporization  divided  by  the  absolute  temperature 
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Fig.  2 — Vapor  Composition  Curve  for  Alcohol  and  Water 


is  substantially  constant,  provided  the  boiling  temperatures 
are  not  far  distant  from  each  other  (Trouton's  rule).  Since 
distDlation  is  a  serious  problem  only  where  the  boiling  points 
of  the  components  are  nearly  the  same,  this  is  equivalent  to 
saying  that  the  molaJ  heats  of  vaporization  of  components 
in  the  column  will  be  practically  equal  if  both  components 
are  associating  (water,  ammonia,  alcohol,  etc.)  or  if  both 
are  nonassociating  (hydrocarbons  and  most  organic  liquids). 
Let  us  assume  temporarily  that  the  two  liquids  in  the 
column  belong  to  the  same  group;  hence  their  molal  heats 
of  vaporization  are  nearly  the  same.  On  the  basis  of 
this  assumption,  for  each  mole  of  high  boiling  constituent 
condensed  out  of  the  vapor  a  mole  of  low  boiling  constituent 
must  be  volatilized  from  the  liquid,  or  in  other  words,  above 
or  below  the  feed  plate,  both  the  molal  overflow  from  plate 
to  plate  and  the  moles  of  vapor  passing  up  the  column  must 
be  constant  or  nearly  so  throughout  the  column.  The  moles 
of  vapor  will,  however,  obviously  be  greater  below  the  feed 
plate  than  above  if  the  feed  enters  below  its  boiling  point, 
since  some  vapor  must  condense  to  heat  it  up.  In  all  cases 
the  overflow  is  greater  below  the  feed  plate  than  above  it, 
as  a  result  of  the  amount  of  mixture  fed  into  the  column. 

Nomenclature 

The  nomenclature  is  indicated  by  Fig.  1.  In  this  figure 
there  is  shown  for  sake  of  simplicity  a  single  condenser,  so 
that  the  overflow  back  into  the  column  is  of  the  same  com- 
position as  the  product.  However,  this  has  nothing  to  do 
with  the  derivation  and  does  not  affect  the  validity  of  the 
formulas. 

Let  each  plate  be  designated  by  a  number.  Start  number- 
ing the  plates  from  the  feed  plate  upward  and  downward, 
the  plate  on  which  the  feed  enters  being  the  zero  plate.  Call 
any  particular  (variable)  plate  above  the  feed  plate  the 
n'i>  plate  and  below  it  the  with.  Call  the  top  plate  the 
p  plate  and  the  still,  or,  if  none,  the  bottom  plate,  the  w  plate. 
Call  the  amount  of  vapor,  measured  in  moles  per  unit  time, 
passing  any  particular  section,  V,  and  the  amount  of  liquid 
for  overflow  passing  the  section  0.  Those  quantities  are 
to  include  the  moles  of  both  components  in  the  vapor  and 


overflow.  Designate  the  point  of  origin  of  tiie  particular 
vapor  or  overflow  referred  to  by  the  use  of  a  subscript:  thus, 
V„  is  the  moles  of  vapor  rising  from  the  nth  plate,  while 
Ob+1  is  the  moles  of  overflow  coming  down  to  that  plate  from 
the  plate  above.  Use  the  subscripts  /  and  c  to  refer  to  the 
feed  line  and  to  the  condenser,  respectively.  Thus  0/  is 
the  amount  of  feed  and  N c  is  the  amount  of  product.  Call 
the  mole  fraction  of  the  more  volatile  component  in  the  liquid 
X  and  the  mole  fraction  in  the  vapor  y.  Again  indicate  the 
liquid  to  whicli  reference  is  made  by  subscripts,  thus  Xy,  is 
the  mole  fraction  of  volatile  component  in  the  waste  or 
slop  leaving  the  stiU  at  the  bottom  of  the  column,  while 
y-m  is  the  mole  fraction  of  the  same  component  in  the  vapor 
arising  from  the  mth  plate.  The  quantities  required  in  dis- 
cussion are  assembled  in  the  following  table: 


*«  ' 
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=  Mole  fraction  of  more  volatile  component  in  liquid. 

=  Mole  fraction  of  more  volatile  component  in  vapor. 

=  Moles  of  distillate  produced  per  unit  time. 

=  Mole  fraction  of  more  volatile  component  in  the  distillate  produced 

=  Moles  of  overflow  from  plate  m+1  to  plate  n. 

=>  Mole  fraction  of  more  volatile  component  in  overflow  On+i. 

=  Moles  of  vapor  passing  from  plate  rt  to  plate  n  +  1  per  unit  time 
(both  components  included). 

=  Mole  fraction  of  more  volatile  component  in  vapor  Vn. 

=  Moles  of  the  mixture  fed  to  the  column  per  unit  time  (both  com- 
ponents included). 

«■  Mole  fraction  of  more  volatile  component  in  feed.O/. 

"  Moles  of  waste  per  unit  time. 

e=  Mole  fraction  of  more  volatile  component  in  waste  O,^. 

=  Theoretically  minimum  overflow  from  plate  n+1,  per  unit  time. 

=  Rate  of  increase  in  concentration  of  liquid  per  plate. 

=  Fractionation  efliciency  of  the  tower  and  plates,  •'.  tf.,  ratio  of 

theoretically  required  to  actual  requirement. 
«  The  number  of  the  plate  under  consideration,  counting  from  the 

feed  plate  up. 
=  The  number  of  the  plate  under  consideration,  counting  from 'the 

feed  plate  down. 
=  Heat  of  vaporization  of  Vn  (molal). 

=  Heat  of  vaporization  of  more  volatile  component  (molal). 
=  Heat  of  vaporization  of  less  volatile  component  (molal). 
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While  the  reasoning  employed  and  the  equations  de\'eloped 
are  general,  it  is  easier  to  visualize  each  step  and  appreciate 
its  significance  by  discussion  of  a  special  ease.  Consequently 
the  following  will  refer  to  the  case  treated  by  Sorel,  the 
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separation  of  alcohol  and  water,   alcohol  being  the  more 
volatile  component. 

B.\sic  Equ.\tioxs 

Consider  the  whole  apparatus  abo\-e  a  section  drawn  be- 
tween the  nth  and  the  (n-|-l)th  plate  just  below  the  latter. 
The  only  thing  entering  this  section  is  the  vapor  from  the 
nth  plate,  \ n.  Lea\ing  it  is  the  product  N c,  and  the  over- 
flow from  the  (»  -1-  l)th  plate,  0„  +i.     Therefore 

V„  =  On  +1  -I-  v.. 
Furthermore  the  total   alcohol  entering  this  section  must 
equal  that  leaving  it,  ('.  c, 

yn  A'n   =  Xn  +i  On  +;  -1-  VcVc. 

Whence, 

yr  —  y" 


0„+i/Vf 


Vn 


and 


Vc 


Xn  +1    —  Xn 


y'n   —  Xn 


(yc 


(1) 


(2) 


On+l 

This  quantity,  Xn  +  i  -  x„,  is  the  enrichment  per  plate,  ?'.  e., 
from  one  plate  to  the  plate  abo^•e  it.  Since  this  enrichment 
is  usually  small,  it  is  substantially  identical  with  the  sloiie 
of  the  cur\'e  obtained  bj'  plotting  composition,  x,  against 
number  of  plates,  n,  i.  e.,  it  equals  dx/dn.     Hence 

Vc 


dx/dn  =  yn  —  Xn  — 


0„+i 


(yc-yn) 


(3) 


Since  these  equations  represent  nothing  but  equality  of 
input  and  output,  their  mlidity  cannot  be  questioned.  Their 
ulility,  however,  is  limited  by  the  uncertainty  as  to  the  relation 
between  x„  and  y„  actually  existing  in  a  column.  If  we 
assume  perfect  rectification,  i.  e.,  that  equilibrium  is  realized 
between  the  liquid  on  a  plate  and  the  vapor  rising  througii  it, 
these  equations  are  valid  and  can  be  used  to  calculate  the 
theoretically  minimum  number  of  plates  required  for  a  given 
rectification,  by  combining  them  with  the  experimentally 
determined  relation  between  .r  and  y  for  the  mixture  uniler 
consideration.  Calling  \n  the  number  of  plates  necessary 
with  perfect  rectification  to  enrich  from  a-i  to  xi,  integration 
gives 


An 


r' dx 

~     I      yn  —  Xn  —  Vc(yc  — 
which  may  be  evaluated  graphically. 


yn)/On  - 


(3a) 


For  conditions  of  perfect  rectification  below  the  feed  plate, 
one  can  derive  similarlv 
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In  using  these  equations,  it  must  be  kept  in  mind  that,  even 
in  an  indefinitely  tall  column  the  rate  of  rectification,  dx/dn, 
must  be  pnsitiA-e  and  cannot  possibly  be  less  than  zero;  whence 
inspection  of  Equation  3  shows  that  the  ratio  of  reflux  to 
distillate  cannot  fall  below  the  theoreticallv  minimum  ^-alue 


O'n+i/Vc  >   (yc-yn)/(yn-Xn) 

Similarly  l)elow  the  feed  plate, 

O'm+i  '(O/— Vc)    >  {ym  —  Xw)/(ym  —  Xm) 


(5) 


(6) 


Indeed  the  overflow  at  each  point  in  the  equijmient  must 
be  kept  distinctly  larger  than  these  limiting  minimum  values 
in  order  to  have  rectification  go  on  in  the  column  at  a  reason- 
able rate. 

Inspection  of  Equation  3a  shows  that  the  integral  may 
easily  be  evaluated  in  the  case  already  referred  to,  where 
the  molal  overflow  0,„  +  i  is  constant  from  plate  to  plate. 
This  is  substantially  the  case  for  alcohol-water  mixtures 
and  for  all  mixtures  of  hydrocarbons  whose  boiling  points 
are  close  together  (e.  g.,  benzene-toluene,  etc.).  This  simpli- 
fication makes  it  much  easier  to  visualize  what  is  happening 
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in  the  column  and  is  therefore  adopted  in  the  following  para- 
graphs. 
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Quantitative  discussion  will  be  limited  to  alcohol-water 
mixtures,  and  plots  of  vapor  composition,  y,  as  a  function 
of  liquid  composition,  x,  are  given  in  Figs.  2,  3,  and  4.  The 
two  last  give  the  data  at  the  two  extremes  of  the  curve. 

Test  Results 

No  adequate  data  are  available  in  the  literatm-e  to  test 
out  properly  these  methods  of  computation.  MarUler' 
quotes  results  of  tests  on  alcohol-water  mixtures  by  Sorel 
and  himself,  but  does  not  give  overflow.  By  estimating 
both  overflows  and  plate  efficiencies  from  the  data  he  does 
give,  and  substituting  these  in  Equation  3a  the  cui'ves  of 
Figs.  5  and  6  have  been  calculated.  The  points  shown  are 
the  experimental  data  given  by  Mariller.  Inspection  of 
these  figures  shows  that  the  equations  correspond  ia  type  to 
the  experimentally  determined  results. 

PiATE  Efficiency 

It  is  obvious  that  in  practice  equilibrium  wUl  not  be  reached 
between  vapor  and  liquid.  The  number  of  plates  actually 
needed  for  a  given  enrichment  di\'ided  into  the  number  theo- 
retically necessary  according  to  these  formulas  may  be  caUed 
t}ie  plate  efficiency  of  the  colunm.  Tliis  will  ob\'iously  vary 
■vidth  type  of  construction.  If  in  a  given  column,  with  a  given 
Overflow  and  a  given  vapor  rate,  the  plate  efficiency,  k,  is 
otherwise  constant  from  plate  to  plate,  as  is  not  improbably 
the  case,  this  quantity  k  may  be  multiphed  into  An  in  Equa- 
tion 3a  or  A7?i  in  Equation  4,  and  these  equations  then  be- 
come applicable  to  actual  columns.  It  is  necessary  only 
to  determiae  from  experimental  operating  data  upon  exist- 

*  "Distillation  Fraction^e  et  la  Rectification,"  Paris. 


ing  columns  the  influence  upon  k  of  type  of  plate,  rate  of 
llow  of  vapor  and  of  reflux,  etc.,  in  order  to  be  able  to  use 
these  equations  in  problems  of  colunm  design  with  safety 
and  assurance. 

Application  of  Formulas — Design  of  Continuous  Rec- 
tifying Equipment 

In  order  to  illustrate  the  value  and  method  of  use  of  these 
equations  the  following  typical  example  is  worked  through. 

It  is  desired  to  rectify  continuously  a  10  per  cent  alcohol 
solution  to  produce  a  94. .5  per  cent  product  and  leave  only 
0.1  per  cent  alcohol  in  the  waste,  using  the  type  of  equipment 
shown  in  Fig.  1.  What  overflow  should  be  used?  What 
will  be  the  height  of  the  column  required  and  at  what  point 
should  the  feed  be  introduced? 

The  best  amount  of  reflux  depends  upon  an  economic 
balance  between  overhead  charges  and  operating  cost.  This 
can  be  determined  only  by  a  knowledge  of  the  relation  be- 
tween the  amount  of  overflow  and  the  number  of  plates 
required.  The  value  of  k  has  been  assumed  constant  and 
equal  to  0.8.  Four  different  amounts  of  overflow  have  been 
assumed,  i.  e.,  3.8,  5,  10,  and  20  moles  per  mole  of  product, 
and  for  each  the  number  of  plates  required  determined. 
Complete  methods  are  shown  for  the  second  case  (5  moles 
overflow  per  mole  of  product)  and  all  others  have  been  cal- 
culated similarly. 

Fig.  7  shows  the  minimum  overflow  as  calculated  for  various 
points  in  the  column  above  the  feed  plate.  Inspection  shows 
that  unless  the  feed  is  introduced  at  a  point  lower  than 
X  =  0.028  the  minimum  overflow  will  be  3.00  moles,  repre- 
senting the  minimum  allowable  at  x  =  0.835.  The  mini- 
mum overflow  below  the  feed  plate  is  not  shown,  as  calcu- 
lation later  shows  that  any  overflow  sufficient  above  the 
feed  plate,  together  with  the  feed  itself,  is  more  than  the 
minimum  overflow  below  the  feed. 

Knowing  k,  and  assuming  a  value  of  5.0  for  0,  Figs.  8, 
9,  10,  and  11  have  been  calculated  from  Equations  3a  and  4, 
and  graphic  integration  under  these  curves  gives  the  required 
X  vs.  n  curves  of  Fig.  12  which  are  enlarged  in  Fig.  13  in  the 
neighborhood  of  the  feed  plate. 

Especial  attention  must  be  given  to  Fig.  9,  which  shows 
the  reciprocal  of  the  rate  of  enriclmient  as  one  goes  up  the 
column.    Note  that  the  enrichment  curves  for  the  bottom 
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and  top  of  the  column  cross  at  x  =  0.02.  If  the  feed  enters 
on  a  plate  in  the  column  on  which  the  concentration  is  greater 
than  this,  then  from  the  feed  plate  down  to  that  plate  on 
which  X  =  0.02  the  enrichment  rate  is  lower  than  it  would 
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be  were  the  feed  brought  in  lower  down.  Similarly,  if  the 
composition  on  the  feed  plate  is  less  than  0.02,  from  the  feed 
plate  up  to  a;  =  0.02  enrichment  rate  is  sacrificed.  Hence 
the  feed  should  enter  the  column  on  that  plate  at  which  the 
enrichment  curves  for  bottom  and  top  of  the  column  inter- 
sect, as  otherwise  efficiency  of  utilization  of  the  plates  is 
sacrificed.  So  far  as  is  known  to  the  writer,  this  is  the  first 
method  ever  offered  for  determining  at  what  point  the  feed 
should  enter  a  column.  It  would  seem  that  in  commercial 
practice  the  feed  is  often  introduced  too  high  up  the  column. 
Fig.  14,  constructed  from  Table  II,  shows  the  influence  of 
amount  of  overflow,  or,  what  is  equivalent  to  the  same  thing, 
heat  consumption  per  unit  amount  of  distillate  upon  the 
number  of  plates  required  in  the  column.  It  has  already 
been  pointed  out  that  in  this  particular  case  an  overflow  of 
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at  loa.st  3  is  required  and  this  would  involve  a  column  of 
indefinite  height,  i.  e.,  the  curve  is  asymptotic  to  an  over- 
flow of  3.  An  overflow  of  4  requires  67  plates.  An  overflow 
of  6,  however,  reduces  the  plates  to  36.  An  overflow  of  20 
requires  25  plates,  and  it  is  obvious  that  still  larger  overflows 
will  save  almost  nothing  in  column  construction.  Intelligent 
design  requires  an  economic  balance  between  the  cost  of  the 
column  and  that  of  the  heat  required  to  operate  it  and  such 
a  balance  can  immediately  be  struck  from  this  curve  once 
the  cost  of  plates  and  of  steam  is  given.  Once  Curve  14  i.s 
constructed,  the  choice  of  the  proper  height  of  column  for 
the  case  in  hand  becomes  a  mere  matter  of  cost  accounting. 
It  wiU  be  remembered  that  while  Equations  3a  and  4  are 
rigidly  accurate,  they  have  been  used  with  the  simplifying 
assumption  of  constant  molal  overflow.  Tliis  is  not,  however, 
necessary  in  actually  using  them.  Calling  the  total  heat  of 
vaporization  represented  in  the  vapors  from  the  nth  plate 
Qk,  and  the  molal  heat  of  vaporization  of  the  more  volatile 
component  n,  and  of  the  less  volatile  ri,  then 

Q«  =  Vn  (nxn  +  riil—Xn)). 

Furthermore,  neglecting  change  in  temperature  of  liquid 
and  vapor  from  plate  to  plate,  this  quantity  is  constant, 
though  with  a  different  value  below  the  feed  plate  than 
above  if  the  feed  is  below  its  boiling  point.  Remembering 
that  Vm  =  Ob  + 1  -|-  Vc,  there  results 

On+i  =  Qn/inxm   +  nil  —  Xm))   —  Vc. 

This  value  of  0„  +i  can  be  inserted  in  Equation  3a,  and  these 
equations  used  for  mixtm'es  of  any  two  liquids.  If  desired, 
weight  quantities  may  be  used  instead  of  moles  throughout, 
but  the  molal  method  is  simpler  where  molal  heats  of  vapor- 
ization are  identical.  If  the  refinement  is  required,  correc- 
tion can  be  made  for  the  temperature  changes  in  the  column 
by  reference  to  the  boiling  point  curves. 

Table  I — Graphic  Method  of  Intrgration   under  dn/dx  Curve  for 
Determining  Number  of  Plates  Required  for  Rectification 
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Table  II — Effect  op  Amount  op  Reflux  on  the  NirMBER  of  Plates 
Necessary  for  a  Given  Rectification 

Overflow 3.8  5  10  20 

Plates  required  above  feed....       73.5  38.7  26.8  24.4 

Below  feed 56  4.1  1.7  1.0 

Total 79.1  42, .S  2S,-i  25.4 


23rd  Chemists'  Exhibition 

The  23rd  Chemists'  Exhibition  will  be  held  at  the  Central 
Hall,  Westminster,  facing  Westminster  Abbey,  London,  S.  W., 
on  June  19  to  23,  1922. 

The  Exhibition  will  consist  of  a  comprehensive  display  of 
drugs,  chemicals,  and  allied  goods.  It  is  attended  each  year 
not  only  by  the  pharmacists  of  Great  Britain  and  her  overseas 
possessions,  but  also  by  men  from  foreign  countries  interested 
in  the  drug  and  chemical  trades. 


A  contract  has  been  let  for  a  new  chemistry  building  at  the 
University  of  Saskatchewan,  vSaskatoon,  at  a  cost  of  SOSO.OOO. 
Construction  work  has  already  begun,  and  the  building  is  to 
be  completed  by  July  1,  1923. 
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II— The  Manufacture  of  Sulfuric  Acid  by  the  Contact  Process 

By  March  F.  Chase-  and  F.  E.  Pierce 

L.  L.  Summers  &  Co.,  140  Nassau  St.,  New  York,  N.  Y.;  F.  E.  Pierce,  119  Broad  .St.,  New  York.  N.  Y. 


AS  one  of  the  requirements  of  a  completely  integrated 
smokeless  powder  plant  was  the  building  of  a  sulfuric 
acid  plant,  it  became  necessary  to  decide  on  the 
process  and  type  of  plant  to  be  used. 

Sulfuric  acid  is  produced  commercially  by  two  well-kno■^^^l 
general  processes,  usually  designated  as  the  contact  process 
and  the  chamber  process.  Where  it  is  desired  to  produce 
an  acid  stronger  than  60°  B^.,  the  contact  process  is  ordi- 
narily used;  otherwise  large  concentrating  units  must  be 
built. 

Aside  from  requiring  in  powder  manufacture  sulfuric  acid 
of  high  acidity,  arrangements  must  be  made  to  fortify  the 
weak  sulfuric  and  nitric  acid  that  is  recovered  from  the  nitrat- 
ing process.  The  contact  process  would  seem  better  adapted 
for  the  purpose,  but  the  chamber  process  with  concen- 
trating units,  being  generally  better  kno\\Ti,  had  many 
staunch  advocates  in  the  discussion  preceding  the  decision 
of  the  question.  It  was  finally  decided  to  build  a  contact 
plant.  After  this  decision,  the  specific  type  of  plant  had  to 
be  considered  from  the  standpoint  of  speed  of  construction 
and  quantity  of  platinum  to  be  used.  It  must  be  remem- 
bered that  platinum  was  very  difficult  to  obtain  at  this 
time.  The  story  of  how  it  was  obtained  is  one  of  intense 
human  interest,  but  has  no  place  in  this  article. 

Selection  of  Process 

The  process  selected  was  the  Schroeder-Grillo  process. 
This  really  means  that  the  Schroeder  contact  mass  was 
used,  as  there  is  really  no  such  thing  as  Schroeder-Grillo 
contact  process.  The  contact  method  of  manufacturing 
sulfuric  acid  consists  in  brief  of  the  following  steps: 

1 — The  production  of  burner  gas  containing  sulfur  dioxide 
from  brimstone  or  a  suitable  sulfur-bearing  ore. 

2 — The  purification  of  the  burner  gas  by  scrubbing  and  filtering. 

3 — ^^The  oxidation  of  sulfur  dioxide  to  sulfur  trioxide  by  inti- 
mate contact  with  finely  divided  platinum. 

4 — The  absorption  of  sulfur  trioxide  in  sulfuric  acid. 

Contact  sulfuric  acid  units  having  a  capacity  of  appro.xi- 
mately  2000  tons  H2SO4  per  month  are  the  most  economical 
of  operation  because  they  are  well  balanced  from  the  stand- 
point of  operating  labor,  the  duties  of  the  operators  being 
principally  that  of  observing  the  working  of  the  process. 
A  large  plant  does  not  require  pro]5ortionately  as  many  men 
as  a  small  plant.  As  the  life  of  plant  eciuipment  is  greater 
when  in  daUy  operation  than  if  run  spasmodicalh',  it  is  well 
to  have  the  units  selected  with  such  capacity  that  continuous 
operations  may  be  possible. 

Brimstone  is  the  ideal  crude  material  for  economical  oper- 
ation ;  as  it  was  obtainable  it  was  decided  to  use  it  as  the  source 
of  sulfur.  An  additional  advantage  in  using  it  is  that  the 
quantity  required  for  any  given  production  is  considerably 
less  than  that  reciuired  when  other  sulfur-bearing  materials 
are  used. 

1  Received  .\pril  24,  1922. 
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With  the  above  points  in  mind,  it  was  finally  decided  to 
build  seven  units  consisting  of  four  systems  each.  (Figs. 
1  and  2.)  The  normal  capacity  of  each  unit  was  80  tons 
H2SO4  per  daj'  or  2400  tons  per  month.  The  units  put  in 
initial  operation  produced  from  2700  to  2900  tons  per  month. 
The  selection  of  the  type  of  buildings  was  determined  by  two 
factors;  the  nature  of  the  process  and  the  apparatus  to  be 
used,  and  the  very  limited  space  available  for  this  part  of 
the  plant.  It  was  essential  that  the  buildings  be  made  fire- 
resistant,  if  not  fireproof. 

The  converter  building  had  a  steel  frame  with  tile  walls, 
cement  tile  roof,  and  steel  sash.  The  absorber  buildings 
were  timber  frame  A\'ith  tile  walls  and  roofs  of  sheathing, 
covered  Tvith  ]3repared  roofing.  The  total  floor  space  re- 
quired for  the  entire  seven  units  was  something  under  .300,000 
sq.  ft.  and  the  total  cubical  contents  about  ",.500,000  cu.  ft. 
The  first  unit  was  started  on  March  1.5,  1918,  and  completed 
on  June  10,  1918.  At  the  time  of  the  Armistice  four  units 
were  100  per  cent  comijleted  and  the  balance  about  96  per 
cent. 

Pl.\xt  and  Process 

The  brimstone  is  brought  in  carload  lots  and  unloaded  into 

concrete  sulfur  storage  bins,  from  which  it  is  carried  by 
wheelbarrows  to  the  burner  building,  weighed,  and  dumped 
into  the  hoppers  of  the  burners.  The  burners  are  Glens 
Falls  sulfur  burners,  4  ft.  in  diameter  by  16  ft.  long.  Each 
unit  is  equipped  vrith  four  burners,  one  for  each  system. 
A  cast-iron  combustion  chamber  follows  the  burner.  After 
passing  through  the  combustion  chamber,  the  gas  passes 
through  large  cast-iron  pipes  for  the  purpose  of  cooling  the 
gas  before  it  reaches  the  cooling  tower.  From  the  last  \-ertical 
pipe  in  this  cast-iron  cooler,  the  sulfur  dioxide  gas  passes 
through  what  is  called  the  No.  1  lead  tower.  This  tower 
is  8  ft.  square  and  20  ft.  high,  made  of  lead,  lined  -nith  4  in. 
of  acid-proof  brick  and  filled  with  quartz.  The  gas  entering 
this  tower  is  stiU  quite  warm.  Use  is  made  of  this  heat  to 
concentrate  the  acid,  at  the  same  time  cooling  the  sulfur 
dioxide  gas.  This  tower  is  sprayed  with  the  acid  coming 
from  the  dry  towers.  The  tower  is  provided  with  the  cu.s- 
tomary  acid  coolers  and  acid  pumps.  The  gases  leave  the 
first  lead  tower  and  pass  through  a  water-sprayed  sulfur 
dioxide  cooler,  consisting  of  16-in.  lead  pipes  45  ft.  long, 
connected  so  as  to  form  a  coil  four  pipes  high  and  four  wide. 
From  these  flues  the  gas  passes  into  the  No.  2  lead  tower, 
which  is  of  similar  construction  and  alongside  of  the  No.  1 
tower.  The  No.  2  tower  is  sprayed  with  60°  B6.  acid  and 
is  used  for  the  purpose  of  dr\-ing  the  gas.  The  discharged 
acid  from  this  tower  is  returned  to  the  top  of  the  No.  1  tower, 
and  in  passing  through  is  concentrated  so  that  it  can  be  used 
on  top  of  the  Xo.  2  tower.  It  is  difficult  in  this  operation 
always  to  balance  the  two  towers  completely,  so  that  at 
times  there  is  some  accumulation  of  acid  which  has  to  be 
removed  and  at  other  times  a  small  amount  of  stronger  acid 
from  the  absorbing  system  has  to  be  added  for  the  purpose 
of  bringing  up  the  acid  in  the  tower  circulating  systems  to 
the  proper  strength. 

From  the  Xo.  2  lead  tower,  the  sulfur  gas  is  piped  to  the 
coke  filter  through  a  lead  line.     The  pipe  for  each  unit  is 
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carried  from  tlie  top  of  the  No.  2  lead  tower  to  the  roof  of 
the  eoiivertcr  building  on  a  structural  steel  i)latform,  the 
clearance  under  this  platform  l)eins  35  ft.  The  coke  filters 
are  lead  boxes  reinforced  with  timbers.  They  arc  30  ft. 
long,  12  ft.  wide,  and  10  ft.  liiRii,  and  arc  filknl  with  coarse 
coke  at  the  Ijottom  and  3  or  4  ft.  of  fine  coke  at  the  toj). 
The  S'lses  pas.s  upward  and  lengthwise  of  the  box.  From 
this  point  the  gas  is  taken  through  a  Itj-in.  lead  pipe  to  the 
mineral  wool  filters.    These  filters  are  of  cast  iron  6  ft.  in 


diameter,  and  five  are  used  on  each  system.  Inside  these 
filters  are  two  lead  screens  suj^ported  by  lead  covered  pipes. 
On  ea(^h  screen  is  a  layer  of  cotton  fiber  about  1  in.  thick  and 
one  of  mineral  wool  S  in.  thick.  The  gases  iiass  downwanl 
through  tiie  filter  and  are  discharged  tiu-ongh  8-in.  jiipes 
into  a  Ki-in.  heailer.  In  operation,  tiie  filter  material  is 
removed  from  time  to  time  and  fresii  mineral  wool  added. 
From  these  filters  the  gas  is  taken  through  a  steel  pipe  to  tiie 
final  dry  tower.     The  gas  enters  near  the  bottom  and  passes 
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upward  through  the  tower,  which  is  sprayed  with  9S  per 
cent  acid  during  the  process.  From  the  final  dry  tower  the 
gas  is  taken  through  a  steel  tower,  filled  with  coke  for  the 
purpose  of  eliminating  any  acid  that  might  be  mechanically 
carried  along  in  the  gas.  From  here  the  gas  is  passed  to  the 
blowers. 

Up  to  this  point  in  the  process  the  movement  of  the  gas 
has  been  caused  by  suction  produced  by  electrically  driven 
blowers  of  3000  cu.  ft.  per  min.  capacity  each,  there  being 
one  blower  to  each  system.  From  this  point  in  the  system 
the  gas  is  moved  onward  by  the  pressure  from  these  same 
blowers.  The  gas  is  now  free  from  moisture  and  solid  im- 
purities and  is  ready  for  conversion  into  sulfur  trioxide. 
Each  system  is  pro\'ided  with  one  double  preheater,  heated 
by  two  gas  burners.  These  preheaters  consist  of  a  brick 
setting  and  contain  two  combustion  chambers  and  two  heating 
chambers.  Each  heating  chamber  contains  a  series  of  cast- 
iron  U-pipes.  The  sulfur  gas  enters  these  pipes  from  a 
header  running  across  the  front  of  the  heating  chamber  and 
passes  out  at  the  rear  through  a  similar  header.  In  the 
preheaters  the  sulfur  gas  is  heated  to  a  temperature  of  ap- 
proximately 400°  C.  After  heating,  the  gas  passes  through 
the  converters  which  contain  the  contact  mass.  There 
are  four  converters  to  each  system  and  each  converter 
contains  five  layers  of  contact  mass.  These  converters  are 
ordinary  shelf  converters  and  no  attempt  is  made  to  utilize 
the  heat  of  the  reaction  after  preheating  the  gas.  While 
this  can  be  done  with  considerable  economy  by  means  of  a 
heat  interchanger,  it  was  thought  ad\isable,  on  account  of 
the  necessity  of  rapid  construction,  not  to  go  into  the  more 
or  less  elaborate  designs  required  to  accomplish  the  saving 
of  the  heat.  The  converters  are  such  as  had  been  used  for 
several  years  at  different  plants,  and  it  was  known  from 
past  experience  just  how  they  would  work  and  how  much 
platinum  would  be  required  in  them.  A  saving  of  a  consider- 
able amount  of  platinum  and  quite  a  few  days  in  the  time  of 
completion  of  the  plant  was  accomplished  through  using 
this  particular  style  of  converter. 

The  gas  leaves  the  converters  at  a  temperature  between 
500°  and  550°  C.  It  is  conducted  from  the  converters 
through  pipe  lines,  the  first  part  of  which  are  of  cast  iron 


and  the  latter  part  of  steel,  to  the  radiators,  which  are  in 
the  open  air  adjoining  the  absorber  building.  Sufficient 
radiating  surface  is  provided  to  bring  the  gas  to  the  fuming 
absorbers  at  the  proper  temperature  for  absorption.  The 
fuming  absorbers  consist  of  steel  shells  5  ft.  in  diameter  and 
about  11  ft.  high,  filled  with  quartz.  These  towers  are 
sprayed  with  acid  which  is  passed  through  the  tower  a  number 
of  times  until  the  proper  strength  is  reached.  They  are 
designed  to  produce  acid  of  106  per  cent  H2S0t.  It  was 
found  that  ten  passes  of  the  acid  during  a  24-hr.  period 
would  produce  acid  of  this  strength.  The  second  fuming 
absorber  was  added  later  on  for  the  purpose  of  bringing  the 
strength  to  109  per  cent.  Under  this  plan  the  sulfur  tri- 
oxide gas  from  the  top  of  the  first  fuming  absorber  is  piped 
to  the  bottom  of  the  second  fuming  absorber,  passes  through 
it,  and  is  led  to  the  final  absorber.  The  acid  from  the  first 
fuming  absorber  is  circulated  through  the  second  until  it 
reaches  a  strength  of  104  per  cent,  after  which  it  is  recircu- 
lated through  the  first  absorber  until  the  desired  strength 
of  109  per  cent  is  reached.  In  order  to  get  the  best  possible 
results  in  the  production  of  fuming  acid,  it  is  necessary  to 
cool  the  acid  that  is  used  for  spraying  and  fuming  absorbers. 

From  the  fuming  absorbers  the  gas  goes  to  the  final  ab- 
sorbers, which  are  ordinarj'  steel  tanks  7  ft.  in  diameter  and 
15  ft.  high,  lined  with  acid-proof  brick  and  filled  with  quartz. 

Following  the  final  absorbers,  the  gas  is  led  through  spray 
catchers  to  catch  any  spray  carried  over  mechanically. 
These  final  absorbers  are  sprayed  with  acid  running  from 
99  to  100  per  cent  H2SO4. 

With  proper  regulation  of  the  temperature  of  the  acid 
and  of  the  gas  entering  the  absorber,  it  is  possible  to  get 
practically  complete  absorption.  The  absorbing  acid  is 
kept  at  constant  strength  by  the  continual  addition  of  weak 
acid  obtained  from  the  recovery  system  of  the  spent  acid 
plant.  The  excess  acid  flows  off  automatically  through  a 
12-in.  pipe  which  is  cooled  by  spraying  and  led  to  the  storage 
tanks.  In  order  properly  to  gage  the  output  of  acid,  weigh 
tanks  are  provided  for  weighing  the  weak  acid  delivered  to 
the  plant  and  the  strong  acid  produced.  In  ordinary  prac- 
tice the  figures  of  output  are  arrived  at  by  measuring  the  acid 
in  the  tanks,  but  this  involves  some  errors  which  it  was  deemed 
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Fig.  3— Conversion  Chart  of  Sulfuric  Acid  Process  Control 


best  to  obviate  in  this  particular  installation  by  installing 
scale  tanks. 

Strong  acids  freeze  at  fairly  high  temperature.  To  provide 
against  this  contingency  in  operating  in  cold  weather,  tanks 
were  provided  for  holding  anti-1'reezc  mixture,  which  is  a 
mixture  of  sulfuric  and  nitric  acids.  This  anti-freeze  mixture 
is  used  in  mixing  with  the  various  strengths  of  oleum  pro- 
duced which  have  a  high  freezing  point. 

Throughout  most  of  the  plant  the  acid  is  handled  by  ordi- 
nary cast-iron  centrifugal  pumps.     In  transferring  acid  from 


some  of  the  storage  tanks  it  was  found  that  this  could  Iw  done 
easier  by  blowing  with  compressed  air.  For  this  purpose 
three  electrically  driven  two-stage  air  compressors  are  pro- 
vided. 

Chemical  Control  of  Process 

The  entire  process  is  checked  regularly  by  chemical  analy- 
ses; the  gas  entering  the  prehcater  is  tested  every  2  hrs.  for 
sulfur  dioxide  content,  the  suction  pressure  and  speed  of  the 
blower  being  taken  at  the  same  time.    The  acid  used  for 
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spraying  the  lead  towers  and  the  absorbers  is  maintained 
at  the  proper  strength  by  continual  testing  with  hydrometers. 
The  strength  of  the  strong  acid  for  the  absorbing  tower  not 
being  readily  determined  in  this  waj^,  recourse  was  had  to  a 
system  of  proper  dilution  so  that  the  diluted  acid  could  be 
tested  with  a  hydrometer  and  the  exact  strength  of  the 
original  acid  determined  by  reference  to  a  table.  This  provides 
a  quick,  accurate  and  easy  method  of  determining  the  exact 
strength  of  the  acid  when  the  acidity  is  between  93  and 
100  per  cent.  An  easier  way  of  doing  this,  however,  is  by 
an  electrical  method  which  is  used  in  a  number  of  commercial 
plants.  Apparatus  for  this  was  not  a^'ailable  at  the  time  the 
Nitro  plant  was  constructed. 

Contact  Mass 

The  contact  mass  is  calcined  magnesium  sulfate  impreg- 
nated with  platinic  cUoride.  This  mass  is  prepared  bj-  cal- 
cining pure  epsom  salts  and  crushing  and  screening  the  prod- 
uct. The  part  going  through  a  0.2.5-in.  screen  is  reworked 
and  that  going  through  a  0.7o-in.  screen  is  recrushed.  The 
mass  which  is  of  proper  size  is  sprinkled  with  a  dUute  solution 
of  platinic  chloride  of  such  a  strength  that  the  percentage  of 
platinum  in  the  mass  varies  from  0.1.5  to  0.30  per  cent.  Tiie 
mass  containing  the  greater  amount  of  platinum  is  placed 
in  the  section  of  the  converter  in  which  the  sulfur  gases  first 
enter.  Before  passing  sulfur  dioxide  gas  through  the  con- 
^■erter,  hot  air  is  circulated  through  the  mass.  Upon  heating, 
the  platinic  chloride  breaks  down,  giving  off  cjilorine  gas  and 
lea\-ing  a  gray,  finely  divided  jilatinum.  The  magnesium 
sulfate  is,  of  coiu-se,  used  simply  as  a  binding  material  or 
carrier  to  present  the  platinum  in  a  form  in  which  it  can  act 
on  the  sulfur  dioxide. 

The  combustion  gases  entering  the  con^-erter  contain  about 
5.5  per  cent  sulfur  dioxide,  the  balance  being  made  up  of 
o.xygen  and  nitrogen.  The  formation  of  sulfur  trioxide  in 
the  presence  of  the  platinum  is  caused  by  the  reaction  of  some 
of  the  o.xygen  which  entered  the  system  at  the  burners  and 
whieii  has  traveled  to  this  point  without  uniting  with  the 
sulfur  dioxide. 

It  was  intended  that  0.266  oz.  of  platinum  per  lb.  of  sulfur 
burned  per  hr.  should  be  used.  On  account  of  the  difficulty 
of  maintaining  a  proper  conversion  with  new  operating  forces, 
it  was  afterwards  deemed  advisable  to  increase  this  by  about 
40  per  cent.  Even  the  re\'ised  ratio  is  considerably  lower 
than  that  used  at  many  other  plants,  as  will  be  seen  by  refer- 
ence to  Table  I.  While  the  purification  system  used  is 
probably  somewhat  more  expensive  than  that  which  might 
be  installed,  it  is  compensated  for  in  a  large  degree  by  the 
sawig  in  platinum. 

T.tBLE  I — PI..1TINL-.V  Used  at  V.\riol'S  Plants 
Sulfur  Purned  Average  Platinum  in    Ratio  of  Sulfur  Burned 

I.ljs.  per  Hr.  Mass,  Oz.  Oi.  =  Pt/Lb./Hr. 

Plant    Original  Revised   Original  Revised  Original  Revised 

A  1000  0.30  0.438 

Nitro     750  750       0.16  0.20       0.266  0.373 

B  1000  0.20  0.437 

C  ICOO  0  30  0.416 

A  total  of  85  days  of  field  work  for  constructing  completely 
a  100-ton  sulfuric  acid  plant  was  somewhat  of  an  undertak- 
ing, but  as  rapid  as  this  may  seem,  it  had  been  excelled  before. 
by  tiie  du  Pont  Company  at  their  Hopewell  plant.  The 
size  of  the  unit  was  not  as  large,  but  the  actual  time  of  field 
work  was  considerably  less.  The  two  construction  jobs 
camiot  be  very  well  compared  on  account  of  the  different" 
conditions  under  which  thej^  were  done,  but  taking  every- 
thing into  consideration,  the  accomplishment  was  quite 
remarkable. 

Efficiencj',  from  the  standpoint  of  sulfur  consumption, 
was  slightly  sacrificed  for  a  saving  in  platinum.  Saving  in 
fuel  by  installing  regenerative  converters  was  not  considered 


on  account  of  the  time  involved  in  procuring  proper  regenera- 
tive converters.  This  defect  in  the  plant  is  one  that  could 
be  readilv  corrected  at  any  time. 
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The  heat  of  combustion  developed  in  the  formation  of 
sulfur  dioxide  in  the  sulfur  burners  could  also  have  been 
utilized  in  the  preheater.  with  a  result  in  saving  of  fuel.  In 
this  case,  the  sulfur  burners  woukl  ha\'e  had  to  be  placed  in 
])roximity  to  the  preheaters.  As  it  was  not  certain  whether 
the  plant  would  be  operated  at  all  times  on  sulfur,  it  was 
thought  advisable  to  instal  complete  scrubbing  equipment 
and  so  to  place  the  sulfur  burners  that  pjTite  burners  could 
be  substituted,  if  necessary. 

The  strength  of  oleum  produced  depends  upon  the  tempera- 
ture of  the  gases  which  are  absorbed  and  the  percentage 
volume  of  sulfur  trioxide  in  the  gas.  On  account  of  the 
enormous  amount  of  weak  sulfuric  acid  that  was  to  be  re- 
covered from  the  nitrating  process,  it  was  thought  advisable 
to  produce  the  greatest  quantity  of  highest  strength  acid 
jiossible.  This  meant  the  treating  of  a  gas  high  in  sulfur 
dio.xide:  first  to  cut  dowTi  the  amount  of  water  taken  into 
the  s\'stem  and.  second,  to  provide  as  high  sulfur  trioxide 
content  as  possible  in  the  gas  to  be  absorbed.  By  reference 
to  Table  II  it  is  seen  that  the  relative  amount  of  water  in- 
troduced through  the  air  is  greatly  increased  as  the  strengtii 
of  the  sulfur  gas  decreases  and  the  temperature  of  the  air 
rises. 

Table  II— Lbs.  Water  per  Day  When  Burning  1000  I,ks.  of  Sulfur 

PER   DaV  with  S.\TURATED  AlR 


MPERATURE 

. 

-  Per  cent 

.S( ),  - 

°F. 

4 

D 

6 
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52 

185 

160 

140 

115 

90 

62 

255 

225 

195 

165 

135 

72 

370 

325 

280 

235 

190 

82 

515 

450 

390 

325 

260 

92 

710 

630 

540 

445 

360 

102 

980 

855 

730 

605 

490 

In  the  above  description  acid  having  a  strength  greater 
than  100  per  cent  has  been  mentioned.  This  refers  to  oleum 
or  fuming  acid.  These  percentages  are  easily  reduced  to 
per  cent  fuming  by  use  of  the  following  formula: 


Per  cent  HoSOj-lOO 
0.225 


=  Per  cent  fuming 
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In  figuring  the  i)pr  pent  uf  sulfur  dioxide  couvei'tod,  the  follow- 
in_ii  forniuhl  is  used: 

^  10.000  (n- ft) 

'~,^       Sab 
lOOo — 

where  a  =  per  cent  SO;  in  entrance  gas, 

b  =  per  cent  SO2  in  exit  gas,  and 
c  =  per  cent  conversion. 


A  cliart  for  reiwhiy  determining  the  per  cent  of  conversion 
where  the  |)or  cent  by  vohnne  of  sulfur  dioxide  in  the  entrance 
gas  and  exit  gas  is  known  is  illustrated  in  Fig.  3. 

Fig.  4  is  used  for  determining  roughly  the  strengths  of  acid 
JDy  measuring  the  rise  in  temperature  in  °  C,  upon  rapid 
dilution  with  water.  The  curve  shown  is  based  on  diluting 
10  parts  of  acid  whose  strength  is  to  be  determined  with 
1  i)art  of  water. 


Investigation  of  Whitewashes  and  Aqueous  Lime  Paints' 

By  G.   J.  Fink 

Research  Laboratory,  Nationai.  Lime   Association,  Washington,  D   C. 


Exposure  tests  of  one  hundred  and  seventy -five  formulas  for 
whitewashes  and  aqueous  lime  paints  have  been  made.  Definite 
data  and  illustrations  are  presented  showing  the  effects  of  a  large 
number  of  ingredients  in  various  combinations  and  conclusions 
given  regarding  the  relative  merits  of  the  various  formulas. 

Of  the  siccatives  used  those  such  as  casein,  which  with  lime 
form  insoluble  films,  proved  to  be  the  best.  IVater -soluble  sicca- 
tives such  as  glues  are  not  so  satisfactory  for  exteriors.  Several 
allialine  salts  were  used  for  accelerating  the  solution  of  casein, 
trisodium  phosphate  proving  to  be  the  most  satisfactory.  Among 
the  addition  agents  used  with  lime  in  mixtures  containing  no  definite 
siccative,  alum  and  table  salt  were  effective  in  improving  the  worl^a- 
bility  and  permanence  of  the  whitewashes.  Several  formulas 
developed  and  tested  are  shown  to  be  superior  to  most  of  those  in 
common  use. 

WHITEWASH  or  a  milk  of  lime  suspension  is  one  of 
the  most  ancient  and  most  widely  used  of  the 
class  of  paints  in  which  water  is  the  chief  vehicle. 
In  its  simplest  form,  whitewash  is  prepared  by  mixing  slaked 
lime  with  water.  Such  a  mixture  possesses  good  covering 
power,  produces  a  very  white  film  when  properly  prepared, 
is  cheap,  and  easily  applied,  and  owing  to  these  properties 
has  a  wide  field  of  usefulness  distinct  from  that  of  oil  paints. 
However,  as  a  result  of  endeavors  to  impro\-e  the  simple 
formula  and  to  develop  aciueous  lime  jiaints  which  would 
have  special  properties  and  lend  themsel\-es  to  special  uses, 
there  exist  at  the  present  time  a  surprisingly  large  number 
of  formulas.-  In  addition  to  the  simpler  mixtures  for  painting 
of  cellar  walls,  fence  posts,  and  accessory  buildings  about  the 
farm,  we  have  the  modified  and  more  specialized  formulas 
for  such  purposes  as  the  temporary  marking  of  obstructions 
along  highways;  the  painting  of  fruit  tree  trunks  for  pre- 
\-ention  of  early  building,  and  as  a  deterrent  of  the  root 
borer;'    the  prevention  of  rust  on  certain  types  of  steel 

'  Received  March  13.  1922.  Presented  before  the  Division  of  Industrial 
and  Engineering  Chemistry  at  the  63rd  Meeting  of  the  American  Chemical 
Society,    Birmingham,    Ala.,   April    3   to   7,    1922. 

2  For  a  collection  of  the  more  commonly  used  mixtures  see;  "White- 
wash and  Cold  Water  Paint."  National  Lime  .Assoc,  Bull.  30i;  "White 
Paints  and  Painting  Materials,"  Scott,  Painter  Publishing  Co.,  Chicago; 
"Paint  and  Color  Mixing,"  Jennings.  1916,  .Spon  it  Chamberlin,  N.  Y.; 
"Paint  Making  and  Color  Cirinding."  Uehelc,  1913,  The  Painters  Maga- 
zine. N.  v.;  "Manufacturers'  Practical  Recijjes,"  Jameson.  Vol.  I  (1902); 
"A  Treatise  on  Color  Manufacture,"  Zerr  and  kubencamp,  translated 
Ijy  Mayer,  1908,  Charles  (iriffin  &  Co.,  Ltd.,  London;  "Dictionary  of 
Chemicals  and  Raw  Products,"  Hurst,  1901,  .Scott  Greenwood  &  Co., 
London;  "Casein,  Its  Preparation  and  Technical  Utilization,"  .Scherer; 
"Use  of  Paint  on  the  Farm."  Walker,  Farmers    Bull.  474,  U.  S.  Dept.  Agr. 

3  Oregon  Agr.  Expt.  Sta.,  Third  Crop  Pest  and  Horticultural  Report, 
191S-1920    (January    10,    191,5),   70. 


.structures;^  for  fireproofing  and  assisting  in  the  lighting 
of  certain  centers  of  activity  in  mines;  the  coating  of  the 
inside  of  boat  hulls  to  prevent  decay;  the  protection  of  con- 
crete against  the  action  of  oils  and  other  fluids;^  as  calci- 
mines and  tints  for  interior  decorating;  as  heat-resistant 
and  fire-retardant  paints  for  wood"^  and  fabrics;'  and  a  large 
numiier  of  other  purjMses  which  could  be  enumerated. 
Outside  of  the  formulas  given  in  texts  on  paints  and  in  certain 
recipe  books,  the  information  relating  to  the  wide  variety 
and  range  of  application  of  lime  paints  is  protected  as  com- 
pany secrets  or  is  confined  to  the  patent  literature  and  is  not 
a  matter  of  general  or  common  knowledge. 

In  the  numerous  formulas  a  large  number  of  adtlition 
agents  are  mentioned,  each  having  been  used  to  give  the 
paint  certain  desired  properties  or  to  make  it  applicable 
for  some  particular  purpose.  These  addition  agents  include 
agghitinous  materials  or  siccatives  such  as  milk,  prepared 
casein,  albumin,  glue,  grain  flours,  resins,  gums,  and  vege- 
table oils;  salts  such  as  sodium  ciiloride,  sodium  carLionate 
and  bicarbonate,  borax,  alkali  phosphates,  etc.,  which  are 
effective  as  precipitants  or  in  increasing  the  solubility  of 
the  lime  or  siccative;  substances  such  as  the  sulfonates  of 
benzene  and  na.iihthalene  which  are  supposed  to  facilitate 
the  solution  of  glue  in  certain  formulas;  pigments  other  than 
lime  such,  for  example,  as  whiting,  zinc  oxide,  and  litho- 
pone;  and  finally  the  so-called  preservatives  for  the  organic 
matter,  among  which  are  carbolic  acid,  alum,  zinc  salts, 
arsenic  compounds,  thymol,  naphthalene,  salicylic  acid, 
most  of  wliich  jirobalily  ha\T  the  effect  of  hardening  and  ren- 
dering the  organic  matter  insoluble  rather  than  exerting  the 
supposed  simple  preservative  action.  Many  of  these  mix- 
tures may  be  prepared  and  marketed  as  dry  powders  and  are 
made  ready  for  application  simply  by  mixing  with  water. 
Others  must  be  prepared  on  the  job. 

A  searcli  of  the  literature  fails  to  reveal  a  record  of  coiu- 
])anitive  tests  of  reconiinended  formulas  and  there  are  very 
few  published  experimental  data  relative  to  the  theoretical 
eonsiderations  involved  in  the  use  of  a  number  of  these 
addition  agents  or  their  relative  values  in  terms  of  increased 
durability  or  special  properties  of  the  paint.  This  investi- 
gation was  untlertaken  for  the  purpose  of  obtaining  such 
data  and  of  developing,  if  possible,  simpler  or  more  perma- 
nent formulas. 

'  M.   Meigs.    Power,  47    (191S).   483;     Comrele,    10    (1917).    17t;     also 
Can.  Chem.  6-  A/./.,  26  (1922),  13. 

»  Brit.  Potent   l(i9,258  (1921).  and  other   English  and    U.  S.  patents. 
'Rail.  Main,  ling.,  16  (1920;.  344. 
•H.    W.   Wells.   U.   S.   Patent    1.374.128. 
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Experimental 
Tt  was  impracticable  to  make  exposure  tests  of  the  several 
hundred  whitewash  and  aqueous  lime  paint  formulas  col- 
lected, many  of  which  involved  duphcations  of  principle; 
hence  it  seemed  most  desirable  to  study  the  effects  of  a  large 
number  of  the  more  likely  and  logical  of  the  addition  agents 
and  thus  to  gain  information  as  to  the  principles  involved. 
Two  series  of  tests  were  made.*  The  first  series  comprised 
exposure  tests  of  one  hundred  and  twenty-one  different 
aqueous  lime  pamts  prepared  by  mixing,  both  singly  and  in 
certain  combinations,  forty  different  substances  with  sus- 
pensions of  slaked  lime.  Twenty-one  of  these  mixtures 
represented  formulas  which  were  recommended  either  in 
the  literature  or  in  pri\-ate  communications.     In  addition, 

and  for  purposes  of 
comparison,  tests  of 
four  commercial  water 
paints  were  included. 
The  latter  were  pur- 
chased in  dry  form 
from  local  dealers  and 
were  made  up  accord- 
ing to  the  directions 
supplied  with  the  par- 
t  i  c  ul  a  r  preparation. 
The  second  series  in- 
cluded tests  of  formu- 
las wliich  were  devised 
upon  the  basis  of  infor- 
mation gained  from  the 
first  test. 

PROCEDUR  E — De- 
tailed procedure  em- 
ployed in  preparation 
of  each  formula  can- 
not be  given  here;  in 
general,  the  mixtures 
were  made  by  stirring, 
or  incorporating  by 
grinding,  a  solution  of 
the  addition  agent  into 
a  paste  made  by  thor- 
ouglily  mixing  50  parts 
of  hydrated  lime  with 
60  parts  of  water.  In 
certain  cases  where 
there  was  a  tendency  for  the  mixture  to  granulate  as  the 
result  of  precipitation  of  some  reaction  product,  the  sub- 
stances were  mixed  in  such  order  as  to  minimize  this  effect. 
For  example,  a  mixture  containing  hme,  casein,  and  soap 
was  prepared  by  adding  the  solution  of  casein  to  the  lime 
paste  and  stirring  carefully  into  this  the  solution  of  the 
sodium  soap.  The  calcium  soap  was  thus  produced  in  a 
very  finely  divided  form  yielding  a  smooth  paint,  the 
casein  probably  acting  as  a  protective  coUoid.  Casein 
mixtures  containing  a  salt  of  alkalioe  reaction  were  made 
up  by  dissolving  the  casein  in  the  solution  of  the  salt  and 
adding  the  mixture  thus  formed  to  the  lime  paste.  Glue 
was  always  soaked  in  cold  water  and  dissolved  over  a  water 
bath.  The  proportions  of  addition  agents  indicated  in  the 
formulas  were  in  a  few  cases  arbitrarily  selected,  owing  to 
lack  of  any  information  as  to  their  possible  reaction  or  effect, 
but  in  the  greater  number  of  mixtures  the  proportions  were 

8  A  preliminary  exposure  test  of  twenty-four  commercial  formulas 
wliich  were  selected  as  among  the  most  highly  recommended  and  most  widely 
used  was  made  in  this  laboratory  in  1920  by  Mr.  S,  P.  Armsby.  Several 
modifications  of  these  formulas  were  also  tried  out.  These  tests  served  to 
indicate  the  wide  variation  in  the  merits  of  the  various  mixtures  and  to 
suggest  the  need  of  an  investigation  of  the  principles  involved  in  the  use 
of  the  various  addition  agents. 


Fig.     1 — Instrument    for    MEAsnEiNG 
Relative  Conditions  of  Paint  Films 


either  those  suggested  by  formulas  already  in  use  or  were 
determined  by  the  considerations  involved,  such  as  chemical 
reaction,  workability  of  the  mixture,  hiding  power,  cost, 
etc.  Very  detailed  data  as  to  the  methods  of  mixing,  char- 
acteristics of  each  mixture,  etc.,  have  been  recorded  but  can- 
not be  presented  here. 

The  lime  which  was  used  in  all  mixtures  was  a  high-grade 
commercial  hydrate  purchased  from  a  local  dealer.  The 
casein  used  was  of  the  quality  commonly  used  for  cold  water 
paints  and  satisfied  the  borax  solubility  test.  The  glue  was 
a  high-grade  joiners'  variety.  The  other  substances  em- 
ployed were  of  the  ordinary  teclmical  quality.  The  figures 
in  the  tables  indicate  the  quantities  used  with  50  parts  by 
weight  of  hydrated  lime. 

After  mixing,  the  pastes  were  reduced  to  brush  consis- 
tency by  gradual  addition  of  water  until  they  worked  satis- 
factorily on  a  test  board.  The  boards  on  which  the  mixtures 
were  painted  for  durability  tests  were  12  in.  X  4  in. 
X  '/g  in.  of  selected  dry  dressed  cypress,  and  as  uniform 
in  respect  to  grain,  heart,  and  sap  as  could  be  obtained. 
They  were  sandpapered  just  enough  to  remove  any  raised 
grain,  and  two  black  stripes  1 .5  in.  wide  were  painted  across 
one  side  with  a  mixture  of  lampblack  in  shellac.  The  boards 
were  then  cut,  m.aking  a  small  test  piece  3  in.  long  with 
the  black  stripe  across  one  end  and  another  9  in.  long  -with 
the  stripe  across  its  center.  AH  surfaces  of  the  two  blocks 
were  then  given  one  coat  of  the  freshly  prepared  whitewash. 
After  drjdng  for  4  days,  the  longer  boards  were  exposed 
on  the  roof'  at  an  angle  of  45°,  exposure  being  to  the  south. 
Records  of  the  tests  included  characteristics  and  worka- 
bility of  the  mixture,  nature  of  the  dry  film  before  exposure, 
index  of  relative  hiding  power  of  the  dry  film,  and  condition 
of  the  film  after  intervals  of  exposure  of  10  days,  30  days, 
6  wks.,  2  mo.,  and  3  mo. 

MEASUREMENT  OF  HIDING  POWER — The  index  of  the  relative 
hiding  powers  of  the  original  films  and  the  figures  represent- 
ing the  relative  durabOity  or  condition  of  the  test  pieces 
at  various  intervals  were  obtained  by  the  use  of  an  instru- 
ment similar  to  that  described  by  HaUett'"  for  the  determi- 
nation of  the  hiding  power  of  paints.  The  instrument  used 
is  shown  in  Fig.  1.  It  consists  of  the  frame  of  a  discarded 
microscope,  to  the  tube  of  which  has  been  fitted  an  extension 
which,  by  means  of  the  regular  microscope  adjustment, 
can  be  raised  or  lowered  inside  the  larger  stationary  tube. 
The  inner  tube  is  provided  with  a  ground  glass  objective, 
and  the  ocular  is  simply  a  small  circular  opening.  For  a 
complete  discussion  of  the  theory  of  the  instrument  the 
article  referred  to  above  should  be  consulted.  The  method 
of  operation  is  briefly  as  foUows:  The  instrument  is  placed 
with  the  ground  glass  plate  in  direct  contact  with  the  surface, 
that  is,  the  zero  position.  If  the  surface  being  viewed  has 
two  colors  the  two  areas  wUl  appear  quite  distinct,  but  on 
raising  the  ground  glass  from  the  surface  the  contrast  be- 
comes less  and  less  distinct  until  a  point  is  reached  at  which 
the  field  appears  to  be  uniform.  The  distance  through 
which  the  objective  has  moved  is  a  measure  or  index  of  the 
contrast  between   the   two   colors. 

RELATIVE  HIDING  POWER — For  determining  the  index 
of  relative  hiding  powers  of  the  dry  whitewash  films  the  in- 
strument was  placed  on  the  small  painted  blocks  in  such  a 
position  that  the  edge  of  the  black  stripe,  which  of  course 
had  been  partly  or  almost  wholly  obscured  by  the  paint 
film,  was  in  the  center  of  the  field  as  observed  through  the 
ground  glass  objective.  If  no  contrast  was  shown  between 
the  black  and  the  white,  that  is,  if  the  black  stripe  was  com- 
pletely hidden,  the  reading  on  the  scale  of  the  instrument 

•  Mather  BuUding,  918  G  St.,  N.  W.,  Washington,  D.  C. 
w  "An  Instrument  for  Measuring  the  Hiding  Power  of  Paints."  Proc. 
Am.  Soc.  Test.  Materials,  20,  II  (1920),  426. 
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Fig.  2 — Appbarancb  of  Films  after  6-Wk.  Exposurb.     Series  1 


was  zero.  However  if  the  black  was  not  entirely  hidden, 
as  was  the  case  with  the  greater  number  of  the  films,  the 
edge  of  the  stripe  was  visible,  and  the  objective  was  raised 
until  the  field  became  uniform.  A  reading  of  the  scale  thus 
becomes  an  index  of  the  hiding  power  of  this  particular 
mixture  as  compared  to  some  other.  The  relative  hiding 
powers  are  inversely  proportional  to  these  index  figures, 
that  is,  the  film  having  the  better  hiding  power  has  the  lower 
index  figure,  and  vice  versa.  No  attempt  was  made  to  ob- 
tain an  absolute  value  for  the  hiding  power,  as  might  have 
been  done  by  a  caUbration  of  the  instrument  as  described  by 
HaUett.  The  index  figures  were  considered  sufficient  for 
the  desired  purpose,  that  is,  a  comparison  of  the  opacity 
or  translucence  of  the  different  films. 

RELATIVE  WHITENESS — In  Order  to  obtain  an  index  of 
the  relative  wlaiteness  of  the  different  films  they  were  com- 
pared in  turn  with  a  black  and  a  white.  This  was  done 
in  the  case  of  the  black  by  bringing  a  block  which  had  been 
painted  with  drop  black  in  contact  with  the  whitewashed 
block  and  placing  the  instrument  on  the  blocks  in  such  a  way 
that  the  juncture  of  the  wliite  and  black  appeared  in  the 
center  of  the  field.  Readings  were  taken  as  in  the  former 
case,  the  larger  figm-es  in  tliis  case  indicating  a  wliitcr  film, 
and  vice  versa.  For  comparison  with  white,  a  white  paper 
was  substituted  for  the  black  block,  the  paper  being  placed 
on  the  whitewash  film  and  a  measurement  made  with  the 
edge  of  the  paper  in  the  center  of  the  field  of  the  instru- 
ment. The  smaller  figures  in  this  case  indicate  greater 
whiteness.  It  will  be  noted  that  the  range  of  variation  in 
these  two  sets  of  values  is  not  great,  this  being  due  to  the 


fact  that  the  great  majority  of  the  films  were  relatively  quite 
white.  A  few,  as  indicated,  were  slightly  transparent,  and 
hence  showed  less  contrast  with  the  black  standard  and 
greater  contrast  with  the  white  standard. 

CONDITION  OF  FILM  AFTER  EXPOSURE — A  mcasure  of  the 
condition  of  the  film  after  exposure,  i.  e.,  the  amount  of 
scaling,  washing,  etc.,  was  obtained  by  determining  the  con- 
trast of  the  portion  of  the  film  remaining  with  the  wood  ex- 
posed. Four  readings  were  taken  in  a  line  across  either  end 
of  the  board  parallel  to  the  black  stripe  and  half-way  between 
the  stripe  and  the  end  of  the  board,  a  total  of  eight  readings, 
the  sum  being  taken  as  the  index  figure.  It  is  apparent 
that  these  values  increase  as  the  film  weathers  and  pass 
through  a  maximum  when  approximately  half  of  the  film 
is  off.  Readings  were  taken  at  short  intervals  during  the 
exposure  tests,  but  only  two  sets  are  recorded  in  the  tables. 
These  values  are  not  presented  as  absolute  measures  of  the 
relative  conditions  of  the  various  films,  but  they  do,  in  the 
great  majority  of  cases,  check  up  with  the  general  appear- 
ance of  the  test  blocks,  as  shown  by  the  photographs,  and 
serve  as  a  method  of  defining  numerically  something  whicli 
is  difficult  to  describe.  Figs.  2,  3,  4,  5,  and  G  are  photographic 
records  of  the  condition  of  the  test  blocks  at  stated  intervals. 

Space  does  not  permit  giving  a  complete  list  of  the  174 
formulas  tested  or  a  comijlete  tabulation  of  tiie  data  recorded. 
In  Tables  I  and  II  are  presented  tlie  more  important  data 
obtained  relative  to  the  better  and  more  typical  formulas 
used.  The  figure  following  the  chemical  formula  of  the 
substance  used  indicates  in  the  case  of  solids  the  number  of 
parts  of  this  substance  per  50  parts  by  weight  of  hydrated 
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Fig.  3 — Appearance  of  Films  after  3-Mo   Exposure      Series  1 


lime,  and  in  case  of  fluids  the  numlier  of  cubir  centimeters 
per  50  g.  of  hj'drate.  The  volume  of  water  reciuired  to  pro- 
duce brush  consistency  was  determined  in  each  case  but  is 
not  recorded  in  the  table.  Th.is  will  \-ary  somewhat  with  the 
lime  used. 

Discussion  of  Results  and  Conclusions 

On  the  basis  of  the  data  recorded  and  observations  of  the 
condition  of  the  films  after  exposure,  attention  may  be  called 
to  the  following  more  important  facts.  Formulas  1  (ordinary 
lime  and  water  whitewash)  and  44  (the  commonly  recom- 
mended lighthouse  formula)  may  be  taken  as  standards  for 
comparison  in  showing  the  effect  of  various  addition  agents. 

FIRST  SERIES — The  effect  of  vegetable  oils  in  whitewash 
mixtures  is  shomi  in  Formulas  1  to  16,  inclusi\e.  The  ad- 
dition of  raw  linseed  oil  alone  to  lime  whitewash  greatly 
reduces  its  hiding  power  but  enhances  slightly  its  durability 
(2)."  The  mixture  is  considerably  improved  by  the  ad- 
dition of  zinc  oxide  (3),  and  this  formula  is  in  turn  greatly 
benefited  by  the  presence  of  zinc  chloride  (4).  The  addition 
of  a  solution  of  casein  to  oil-lime  mixtures  ((5-12)  improves 
them  cjuite  markedly,  but  on  the  other  hand  nothing  is 
gained  either  in  workal>ility  or  permanence  by  the  use  of 
oil  in  casein  paints,  the  casein  alone,  as  a  siccative,  being 
more  effective  than  the  combination.  Such  oil  mixtures, 
however,  tend  to  jel  and  for  this  reason  are  not  so  easily 
worked.  Zinc  oxide  minimizes  this  condition  to  some  ex- 
tent. The  films  produced  are  not  so  hard  as  those  produced 
by  other  formulas  and  tend  to  rub  off  slightly.  The  sa- 
il Numbers  in  parentheses  refer  to  formulas  listed  in  tables  and 
figures. 


ponification  of  the  oil  by  heating  with  the  alkaline  materials 
present  brought  about  a  slight  improvement  (10).  China 
wood  oil  (18-19)  gave  slightly  better  results  than  linseed 
oO.  Corn  oil  added  to  a  simple  lime  whitewash  seems  to 
hasten  deterioration  (20),  while  cottonseed  oil  (21)  improves 
it  slightly. 

Boards  22  to  41  were  painted  with  casein  mixtures.  The 
beneficial  effect  of  casein  is  cjuite  positive,  and  the  results 
through  the  entire  series  demonstrate  it  to  be  the  best  of 
the  siccatives  used  in  the  tests.'-  Of  the  basic  substances 
used  to  increase  the  solubility  and  fluidity  of  the  casein, 
namely,  ammonia,  sodium  carbonate,  silicate  of  soda,  caustic 
soda,  borax,  and  trisodium  phosphate,  the  last  mentioned 
proved  to  be  by  far  the  best.  Formula  29  clearly  demon- 
strated this  fact.  This  film  was  in  relatively  good  condition 
after  5  mo.  and  at  6  mo.  was  only  very  slightly  deteriorated. 
Block  33  was  painted  with  a  lime-casein  mixture  in  which 
sodium  silicate  ("paint  vehicle")  was  used  to  dissolve  the 
casein.  This  did  not  show  up  well  in  this  test,  but  in  the 
second  test  in  which  it  was  duplicated  (188)  it  did  prove 
quite  durable.  Number  36,  which  proved  exceedingly 
permanent,  is  a  formula  recommended  by  a  manufacturer. 
Its  general  use  under  ordinary  conditions,  however,  is  not 
practicable  on  account  of  an  exceptionally  large  proportion 
of  casein,  which  introduces  difficulties  in  getting  ready 
solution  and  which  adds  materially  to  the  cost. 

'-  The  use  of  casein  in  the  form  of  skimmed  milk  in  whitewash  is  a  very 
common  practice,  and  that  milk  curd,  in  combination  with  lime,  has  great 
cementing  properties  has  been  known  to  the  initiated  for  centuries,  Uebele, 
Loc.  cit.,  375, 
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Tabi,b  I — Typical,  Formulas.     First  Sbrics      Figs.  2  and   3 


In  Formulas  42  to  .54,  sodium  chloride  is  the  eommou      by   tiie   photusniphs.     The   simple   lime-salt   mixture    (42) 
constituent.    The  effect  of  the  salt  is  very  clearly  indicated      is  a  decided  improvement  over  the  straight  lime  wash.   For- 
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Fig.  4 — Appearance  of  Films  before  Exposure.     Series  2 


mulas  43  to  54  are  mixtures  containing  other  components 
in  addition  to  the  salt,  namely,  glue,  soda  ash,  borax,  whiting, 
rice  flour  paste,  soap,  zinc  oxide,  zinc  chloride,  trisodium 
phosphate,  asbestine,  and  various  combinations  of  these 
materials.  Very  little  improvement  in  permanence  is  gained 
by  the  use  of  these  substances,  some  mixtures  in  fact  being 
less  permanent  than  the  simple  lime-salt  combination. 
All  of  these  formulas,  however,  show  characteristic  properties, 
which  are  the  result  of  the  common  constituent.  All  the 
films  deteriorated  relatively  rapidly  during  the  first  6  wks. 
but  showed  little  change  during  a  second  like  period,  a 
general  white  appearance  or  effect  being  preserved.  For 
certain  purposes,  such  as  marking  obstructions  along  high- 
ways where  a  permanently  continuous  film  is  not  so  essential 
and  where  the  added  cost  of  a  more  durable  mixture  is  not 
justified,  a  simple  salt  formula  finds  a  wide  field  of  useful- 
ness. These  experimental  results  corroborate  the  practical 
experience  of  many  users  of  whitewash."    The  effect  of  salt 

^3  It  was  "found  by  experiment  that  3  parts  of  quicklime  to  1  of  common 
salt  applied  as  a  wash  on  brick  walls,  even  when  laid  on  with  a  syringe, 
stood  remarkably  well  for  four  years,  and  was  an  efficient  and  durable  coat- 
ing." Newman.  "Metallic  Stiuctures.  Corrosion  and  Fouling  and  Their 
Prevention,"  1896,  Spon  &  Chamberlain,  New  York. 


is  probably  explained  by  the  fact  that  it  greatly  increases 
the  solubility  of  the  calcium  hydroxide,  the  degree  of  pene- 
tration of  the  lime  into  the  wood  thus  being  increased,  and 
also  by  the  presence  of  the  soluble  salt  which  tends  to  hold 
moisture  and  facilitate  the  carbonation  of  the  lime.  Number 
44  of  this  series  is  the  so-called  government  lighthouse 
formula  which  has  been  used  quite  extensively  as  an  exterior 
whitewash.  The  results  of  these  tests  indicate  that  for 
exteriors  the  addition  of  flour  and  glue  add  little  to  the 
durability,  and  that  many  of  the  simpler  formulas  here 
given  are  better. 

Formulas  55  to  66  have  glue  as  their  common  constituent, 
55  being  a  simple  glue-lime  mixture,  while  the  others  have  in 
addition,  separately  or  in  combination,  the  substances  used 
in  the  casein  series.  These  glue  films  also  show  a  common 
characteristic  as  to  resistance  to  weathering.  With  one 
exception  the  deterioration  is  almost  solely  the  result  of 
solution  or  washing,  and  there  is  only  a  slight  tendency  to 
scale.  The  effect  of  the  substitution  of  whiting  for  lime 
in  a  special  case  is  shown  in  Formula  64,  which  contains  no 
lime.  Formula  64a  is  the  same  as  64  except  that  lime  is 
substituted  for  whiting.  A  marked  improvement  is  ap- 
parent.    The  value  of  the  saponified  oil  is  indicated  by  the 
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Tablb  II — Typical  Formulas.     Series  2.     Fios.  4,  5    and  6 

final  condition  of  64a  as  compared  witii  corresponding  for-      which  the  scaling  may  be  the  combined  effect  of  the  sQicate 
mulas  containing  no  oil.     Number  GG  is  an  old  formula  in      and  whiting.     It  i.s  clearly  demonstrated  in  this  series  that 
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Fig.  6 — Appearance  of  Films  after  3-Mo.  Exposure.      Series  2 


formaldehyde  improves  the  workability  and  durability  of 
glue  mixtures.'^ 

Numbers  67  to  71  all  contain  sodium  silicate.  This  sub- 
stance, either  alone  or  in  combination,  has  no  pronounced 
beneficial  effect  on  a  lime  whitewash.  Preliminary  tests 
indicate,  however,  that  when  painted  over  a  dry  lime  film 
it  may  serve  as  a  valuable  protective  coating.*^  The  addition 
of  Portland  cement  to  lime  washes  increases  their  permanency 
slightly,  as  sho^\ii  by  72.  Formulas  74  to  76  contain  kaolin, 
which  produces  no  beneficial  effect  under  the  conditions  used. 
Series  77  to  84  have  whiting  as  a  common  constituent.  They 
are  no  better  and  in  a  few  instances  not  quite  so  good  as  the 
corresponding  mixtures  in  which  lime  alone  functions  as 
the  pigment.  Whiting  improves  the  workability  of  most 
mixtures  to  some  extent,  but  as  a  rule  decreases  hiding  power 
and  durability. 

Formulas  85  to  87a  stand  out  very  prominently  as  among 
the  best.  They  have  lime,  whiting,  and  casein  as  common 
constituents.  Number  87a  proved  to  be  the  most  permanent 
of  Series  1.  This  formula  [iroduces  a  very  hard,  white, 
enamel-like  film  which  was  not  noticeably  changed  after 
a  3-mo.  exposure,  and  after  having  been  subjected  6  mo. 
to  this  very  severe  test  had  deteriorated  only  very  slightly. 
It  can  be  washed  with  soap  and  water  repeatedly  without 
effect,  indicating  its  suitability  for  interior. 

The  value  of  soap  in  whitewashes  is  negligible,  as  is  shown 
by  Blocks  88  to  93,  except  of  course  where  it  is  required  as 
an  emulsifj-ing  agent.  The  neghgible  effect  of  rice  flour 
for  exterior  use  is  shoT\m  by  94  to  102.  The  improvement 
of  flour  formulas  by  addition  of  sodium  phosphate  is  indi- 
cated by  98.  In  combination  with  floiu'  a  zinc  oxide-zinc 
chloride  mixture  seems  to  have  positive  value.  That  an 
ordinary  whitewash  is  very  greatly  improved  by  either 
magnesimn  or  calcium  chloride  is  conclusively  shown  by 
104  and  105.  That  the  practice  of  using  a  small  percentage 
zinc  oxide"  or  zinc  chloride  with  lime  is  justified  by  results 
is  shown  by  107  and  108.  Zinc  sulfate,  however,  does  not 
have  the  same  effect  (109). 

Formulas  110  to  113  contain,  consecutively,  sodium 
carbonate,  borax,  and  sodium  phosphate  combined  with 
lime.  These  alone  do  not  improve  the  durability.  Kerosene 
(114)  has  little  or  no  effect,  and  alum  (116)  has  slightly  less 

"  See  161  and  162,  second  series. 

1^  Private  comniunications,  and  results  by  the  writer. 
"  Ordinary  lime  whitewash  may  be  made  better  and  whiter  by  adding 
zinc  oxide.     Scott,  Loc,   cil.,  225 


effect  than  salt.  Numbers  117  to  126  contain,  in  order, 
silica,  plaster  of  Paris,  glycerol,  asbestine,  copperas,  linseed 
oil  and  turpentine  with  no  water,  sodium  fluoride,  and  glu- 
cose in  combination  with  lime  alone.  Of  these,  glycerol 
(119)  is  the  only  one  of  most  positive  value.  Number  122 
shows  excellent  durability  but  is  unsatisfactory  because  of 
its  transparency  and  slow  drying. 

Formulas  127  to  130  are  commercial  paint  preparations 
bought  in  the  dry  form  from  local  dealers.  The  first  three 
are  glue-whiting  mi.xtures;  130  is  a  lime-casein  preparation. 
This  one  maintained  its  equality  with  87a  through  the  3-mo. 
period,  but  at  the  end  of  6  mo.  was  almost  entirely  disin- 
tegrated, whereas  87a  was  yet  in  good  condition. 

SECOND  SERIES — In  Table  II  are  listed  part  of  the 
formulas  exposed  in  the  second  series.  Typical  formulas 
exposed  in  the  first  series  were  duphcated,  and  certain  modi- 
fications of  these  were  also  tried  in  an  endeavor  to  produce 
increased  permanence.  Fig.  4  shows  their  appearance  when 
exposed  (November  23,  1921),  and  Figs.  5  and  6,  respectively, 
their  condition  7  wks.  and  3  mo.  later.  Unfortunately  they 
did  not  appear  so  white  after  exposure,  owing  to  a  discolora- 
tion of  soot  from  a  nearby  chimney.  Numbers  186  to  196 
are  duplicates,  consecutively,  of  Formulas  1,  29,  33,  42,  56, 
64a,  85,  87,  87a,  98,  and  119  of  the  first  series,  and,  with 
one  exception  as  mentioned  above  (33),  gave  results  dupli- 
cating those  of  the  first  test.  These  formulas  are  not  listed 
again  in  Table  II. 

Numbers  134  to  140  are  modifications  of  the  better  phos- 
phate-casein formulas  of  the  first  series,  such  as  slight  varia- 
tion in  the  proportions  of  phosphate  or  casein  or  methods 
of  using  the  formaldehyde,  as  indicated  in  the  table.  No 
improvement  worth  mentioning  was  obtained  by  these 
modifications,  nor  does  the  addition  of  sodium  oxalate 
(141)  or  sodium  fiuoride  (142)"  improve  them.  Formulas 
144  to  151  are  casein  mixtures  modified  by  addition  of  the 
salts  indicated.  Salt  proves  to  be  incompatible  with  casein, 
tending  to  precipitate  it,  destroys  the  enamel  or  varnish- 
like effect  of  the  film,  and  decreases  durability.  The  same 
is  true  of  zinc  chloride  and  as  well  of  most  salts  having  no 
alkaline  reaction."  Sodium  arsenate  has  no  appreciable 
effect,  while  sodium  salicylate  improves  the  fluidity  and 
workability    but    does    not    affect    the    permanence.     Zinc 

•^  Brit.  Patent  150.555  (1919)  describes  a  paint  in  which  fluorine  com- 
pounds, such  as  sodium  fluoride,  are  used.  Fourniss.  Papers  of  the  Paint 
and  Varnish  Society  London.  190^10,  mentions  the  use  of  a  coating  of  hy- 
drofluoric acid  for  waterproofing  albuminous  lime  paints. 

"Scott,  Loc.  cil..  459. 
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oxide  improves  quite  markedly  the  workability  jiiid  enhances 
the  whiteness  to  some  extent,  but  has  Httle  effect  on  the 
resistance  to  weathering.  Tiie  mixture  of  borax  and  phos- 
phate is  no  impro\ement  over  phosphate  alone.  Numbers 
152  and  153  pro\-ed  to  be  quite  satisfactory  formulas,  being 
equal  to  29  or  S7(i  in  permanence  and  slightly  better  in  worka- 
bility, the  ammonia-casein  .solution  being  slightly  more 
fluid  than  that  olitained  with  phosphate.  The  effect  of 
formaldehyde  in  this  mixture  is  noticeable  only  in  its  slight 
improvement  in  woikability.  Other  nK)difications  of  original 
formulas  illustrated  by  154  to  160  show  no  imiirovements. 

Of  the  variations  of  the  glue  preparations,  161  to  171 
and  176  to  181,  Formulas  161,  162,  168,  169,  171,  176,  177, 
and  180  are  all  very  decided  improvements  o\Tr  those  of  the 
fir.st  series.  It  is  quite  evident  that  formaldehyde,  phosphate, 
ammonia,  sodium  salicylate,  kerosene,  salt,  and  alum  each 
make  the  paint  more  resistant,  the  glue-phosphate  and  glue- 
ammonia  mixtures  being  especially  durable.  The  effect 
of  alum  on  the  permanence  is  not  so  marked,  but  it  does 
considerably  improve  the  working  qualities  of  the  mixture. 
The  lighthouse  formula  is  repeated  as  172  and  with  the 
adilition  of  formaldehyde  as  173,  with  a  substantiation  of 
the  earlier  results.  Formaldehyde  improves  this  formula, 
but  not  sufficiently  to  justify  its  use  in  this  combination. 
The  results  of  variations  in  quantities  of  calcium  chloride 


(182  and  183)  indicate  that  the  proportions  used  in  105 
were  close  to  the  optimum. 

In  general  it  may  be  said  that  whitewash  formulas  con- 
taining a  definite  siccative  are  very  much  more  permanent 
than  those  without  such  an  ingredient,  and  that  for  exterior 
use  casein  and  linseed  oil  are  the  best  binders  tried.  Those 
which  are  water-soluble,  such  as  glue,  are  not  so  good  for 
exteriors.  The  addition  of  substances,  such  as  formalde- 
hyde, which  harden  or  render  the  film  less  soluble,  improve 
considerably  the  resistance  of  most  films.  Of  the  alkaline 
salts  used  for  accelerating  the  solution  of  casein,  trisodium 
I)hosphate  jjroved  to  be  the  best,  its  advantage  probably 
tlepending  upon  its  mild  alkalinity.  Ammonia  also  proved 
to  be  a  satisfactory  substance  for  this  purpose.  Of  the  ad- 
dition agents  used  with  lime  in  the  absence  of  siccatives, 
common  salt  proved  to  be  somewhat  more  efifective  than  the 
others. 

Tests  of  the  best  formulas  described  above  by  painting 
them  on  stones  showed  they  were  as  permanent  on  the  stone 
as  on  wood  and -that  the  order  of  merit  was  the  same  under 
both  conditions.  It  is  planned  to  extend  the  investigations 
to  include  tests  of  other  formulas  and  of  the  same  formulas 
on  other  materials,  such  as  plaster,  brick,  and  metal.  The 
development  of  formulas  for  use  on  interiors  will  also  be  under- 
taken. 


The  Manuflicture  of  Reflecting  Telescope  Disks' 

By  Donald  E.  Sharp  and  Walter  H.  Rising 

Spencer  Lens  Company  of  Buffalo,  Optical  Glass  Plant,  Hamburg,  N.  Y. 


Reflecting  telescope  disl(s  may  be  made  by  casting  glass  into  a 
suitable  mold  and  annealing.  The  annealing  schedules  of  Adams 
and  IVilliamson  have  been  found  to  be  satisfactory.  Electric  or 
gas -fired  furnaces  may  be  used  for  obtaining  the  uniform  tempera- 
lures  necessary,  but  the  gas  furnace  has  been  found  to  be  the  more 
reliable.  Special  equipment  is  required  for  obtaining  accurate 
cooling  rates,  and  the  Leeds  and  Northrup  electrical  control  and 
Robertshaw  gas  regulator  are  suitable  when  slightly  modified. 
If  reflector  disl^s  are  made  of  low  expansion  glass  the  change  of 
figure  in  a  parabolic  mirror  due  to  change  of  temperature  can  be 
minimized. 

IN  the  past  Europe  has  been  the  only  source  of  large 
telescope  disks.  Recently,  however,  several  large 
disks  have  been  made  in  the  Ignited  States.  Re- 
flecting telescope  disks  have  been  made  by  the  casting  method, 
but  refractor  disks  are  made  by  molding,  for  experience  has 
not  yet  shown  whether  or  not  poured  disks  can  be  obtained 
free  enough  from  striae  to  permit  their  use  for  refractors. 
Moreover,  although  sufficiently  large  blocks  of  homogeneous 
glass  have  been  obtainable  in  this  country,  the  i)rincipal 
diflSculty  in  making  refractor  disks  has  been  the  lack  of 
facilities  for  proper  annealing.  Although  the  theoretical 
requirements  for  annealing  glass  to  any  degree  of  freedom 
fr(jni  strain  were  understood  in  the  I'nitcd  States,  their 
practical  application  was  not  attained  until  recently  because 
the  literature  is  devoid  of  reference  to  the  methods  and  appa- 
ratus employed  abroad  in  the  manufacture  of  telescope 
disks.  It  had  been  supposed  in  this  country  that  gas  fur- 
naces could  not  be  used  for  the  careful  heat  treatment  neces- 
sary in  the  annealing  of  large  disks;  consequently,  an  elec- 
tric furnace  was  designed  by  an  American  manufacturer  for 

'  Received  Murch  .i,  1922, 


this  purpose.  This  furnace,  as  redesigned  by  the  autiiors, 
has  proved  a  success.  However,  results  have  demonstrated 
that  a  gas-fired  furnace  is  fully  as  satisfactory  as  the  electric 
furnace,  and  is  simpler  to  control.  Both  furnaces  are  de- 
scribed in  this  paper. 

The  procedure  to  be  outlined  here  is  that  actually  used 
in  the  manufacture  of  40-in.  reflector  disks.  Briefly,  it 
consists  of  pouring  molten  glass  from  the  pot  into  a  mold, 
and  annealing  the  glass  by  means  of  a  specially  equipped 
furnace.  This  method  was  devised  because  the  pressing 
process,  although  possible  for  disks  up  to  about  12  in.  in 
diameter,  is  obviously  impossible  for  those  40  in.  in  diameter. 
The  annealing  treatment  discussed  herein  with  reference 
to  reflector  disks  is  applicable  also  to  refractor  disks,  the 
manufacture  of  which  will  be  treated  in  a  subsequent  paper. 

For  casting  glass,  in  addition  to  the  ordinary  equipment 
used  in  an  optical  glass  factory,  apparatus  for  raising  and 
tipping  a  pot  of  glass  is  required.  The  contrivances  used 
for  pouring  plate  glass  would  be  ideal,  but  in  their  absence 
the  desired  results  were  obtained  by  em])loying  a  bail  attacheii 
to  a  chain  fall.  The  pot  was  held  l)y  an  adjustable  wrought 
iron  ring  suspended  from  the  bail.  On  opposite  sides  of  the 
ring,  short  square  rods  i)rojccted  through  the  eyes  of  the 
bail.  Handles,  six  feet  in  length  and  terminating  in  a  cross 
bar,  were  fitted  to  the  square  rods,  and  provided  a  means 
for  tijjping  the  pot.  Except  in  its  simplicity,  the  equip- 
ment differed  little  from  that  used  in  easting  plate  glass. 

The  mold  into  which  the  glass  is  to  be  poured  should  per- 
mit th(>  disk  when  finished  to  be  easily  removed,  and  nuist 
be  so  made  that  the  glass  will  not  adhere.  These  requin>- 
ments  were  met  by  a  mold  of  ordinary  split  firebrick 
(9  in.  X  4.5  in.  X  1.25  in.).  The  bottom  of  the  mold  con- 
sisted of  ,'1  iicavy  iron  casting  on  which  the  lirick  were  Laid. 
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The  wall  consisted  of  brick  laid  inside  an  iron  ring  or  hoop. 
The  iron  casting  served  not  only  as  a  support  for  the  mold, 
but  also  as  a  means  of  obtaining  uniformity  of  temperature. 
A  layer  of  talc  over  the  lining  of  the  mold  prevented  the  glass 
from  adhering. 


[Fio    1 — Electric  Furnace  as  Originally  Constructed.     Rheostat 
AND  Leeds  and  Northrup  Controller  in  Background  at  Left 

In  order  to  insure  the  imiform  temperature  conditions 
that  are  necessary  for  good  annealing,  a  cast-iron  cylinder 
of  the  same  diameter  as  the  heavy  plate  mentioned  above 
was  employed.  The  cylinder,  together  with  a  cover  of  the 
same  size  as  the  bottom  plate,  made  it  possible,  after  the 
disk  was  poured,  to  encase  the  whole  mold  in  iron.  The 
higher  thermal  conducti\-ity  of  the  metal  casing  as  compared 
to  that  of  the  brick  and  glass  minimized  temp)erature  ine- 
qualities in  the  disk.  Inasmuch  as  the  existence  of  a  tempera- 
ture gradient  during  the  first  part  of  the  annealing  results 
in  an  unsymmetrical  strain  in  the  finished  article,  it  is  neces- 
sary to  take  particular  pains  to  obtain  uniform  tempera- 
ture conditions. 

The  annealing  schedule  for  a  disk  40  in.  in  diameter  and 
8  in.  in  thickness  calls  for  holding  the  glass  7  days  at  a  con- 
stant temperature,  and  cooling  after  the  expiration  of  this 
time  at  an  initial  rate  of  0 . 2  °  C.  per  hr.  The  rate  may  gradu- 
ally increase,  so  that  the  total  annealing  time  need  not  greatly 
exceed  2  wks.  Two  tj-pes  of  furnace  have  been  successfully 
employed  for  this  work,  an  electric  furnace  controlled  by 
a  standard  G.  E.  panel,  and  equipped  with  a  Leeds  and 
Northrup  recorder;  and  a  gas  furnace  consisting  of  a  slightly 
altered  pot  arch  provided  with  a  modified  Robertshaw 
temperature  regulator.  The  gas  furnace  proved  as  satis- 
factory as  the  electric  furnace,  and  had  the  added  advantage 
that  it  required  a  less  skilled  operator.  It  should  be  ob- 
served, moreover,  that  power  interruptions  may  prove  a 
serious  disadvantage  in  the  use  of  an  electric  furnace. 

The  Electric  Furnace 

The  heating  element  of  the  electric  furnace  (Fig.  1)  originally 
consisted  of  a  hea\'y  ribbon  of  nichrome  alloy  held  by  porce- 
lain hooks,  and  wound  up  and  doviji  throughout  the  interior 
of  the  cylindrical  furnace  lining  only.  This  disposition  of 
the  resistance  ribbon  proved  unsatisfactorj',  as  heat  was 
transmitted  only  to  the  sides  of  the  charge.  Consequently, 
after  several  experiments,  it  was  found  possible  entirely  to 
surround  the  charge  with  heat  bj^  transferring  a  part  of  the 
resistance  ribbon  from  the  side  walls  to  the  inside  of  the 
bottom  and  cover  of  the  furnace,  in  a  manner  resembhng 


the  spokes  of  a  wheel  (Fig.  2).  To  permit  the  furnace 
to  be  opened,  the  cover  was  designed  as  a  separate  heating 
element  capable  of  being  connected  in  series  wth  the  other 
element  when  the  furnace  was  in  operation. 

The  lining  of  the  furnace  was  of  firebrick  4.5  in.  in  thick- 
ness, the  inside  diameter  of  the  cylinder  being  48  in.  The 
insulation  surrounding  the  lining  consisted  of  a  O-in.  wall 
of  Sil-0-Cel  brick,  and  the  insulation  in  turn  was  protected 
by  a  heav-y  iron  casing.  The  bottom  of  the  furnace  was  of 
the  same  material  and  thickness  as  the  sides.  The  top  con- 
sisted of  a  9-in.  firebrick  crown  buUt  up  on  a  hea\'y  circular 
cast-iron  ring,  and  was  of  necessity  movable  in  order  that 
the  furnace  might  be  filled  and  emptied.  A  sheet-iron 
cyUnder,  covering  tightly  the  outer  furnace  wall,  was  placed 
over  the  firebrick  top.  The  cylinder  was  about  24  in.  high 
and  was  fiUed  with  sand  or  Sil-0-Cel  powder  in  order  to  in- 
sulate the  firebrick  top. 

The  temperature  of  the  furnace  was  controlled  by  a  sys- 
tem of  relays  operated  by  the  potentiometer  recorder,  the 
latter  being  connected  to  two  Hoskins  thermocouples.  The 
thermocouples  measured  temperatures  at  two  different 
points:  the  one,  with  its  junction  adjacent  to  the  heating 
element,  recorded  fluctuations  in  temperature  of  the  heating 
medium  suppljing  heat  to  the  furnace,  and  the  other,  with 
its  junction  extending  into  the  interior  of  the  furnace  where 
it  touched  the  center  of  the  charge,  provided  a  record  of  the 
heat  treatment  of  the  disk.  By  maintaining  at  the  outer 
thermocouple  a  certain  temperature,  which  incidentally 
may  fluctuate  more  or  less  to  either  side  of  the  desired  degree, 
a  remarkably  steady  temperature,  sUghtly  lower  than  that 
at  the  resistance  element,  was  sustained  in  the  furnace. 
The  proper  temperature  was  maintained  by  means  of  the 
control  mechanism  of  the  recorder. 

Two  fiber  disks,  A  and  B,  about  6  in.  in  diameter,  were 
mounted  behind  the  recording  instrument;  these  disks  were 
so  arranged  as  to  rotate  with  the  potentiometer  slide  wire, 
and,  accordingly,  any  movement  from  the  zero  of  the  po- 
tentiometer was  followed  by  a  similar  movement  of  the  fiber 
control  disks.  On  the  edges  of  each  control  disk  were 
mounted  two  brass  strip  contacts,  and  a  stationary  finger 
fixed  to  the  frame  of  the  instrument  made  contact  with  the 
brass  strips  of  each 
disk.  An  addition- 
al contact  point, 
which  was  adjust- 
able, also  made 
contact  with  the 
strips  on  disk  B. 

These  disks  and 
fingers  play  an  im- 
portant part  in 
the  operation  of 
the  furnace,  for 
by  making  and 
breaking  the  prop- 
er circuits,  relays 
are  operated  which 
throw  the  ctirrent 
on  and  off  the  fur- 
nace. Of  the  three 
contact  fingers, 
one  serves  to  de- 
termine the  maxi- 
mum temperature 
to  which  the  resis- 
tor will  be  allowed 
to    rise,     another 

serves    to    operate  Fig.  2 — Furnace  cover  after  Rewiring 
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the  closing  relay  whenever  the  charge  cools  off  below  its  sched- 
uledj  temperature,  and  the  third,  or  the  adjustable  finger, 
serves  to  make  and  break  the  circuit  between  certain  limits, 
thereby  holding  the  resistance  element  at  the  proper  tempera- 
ture'above  that  scheduled  for  the  disk.    In  order  to  maintain 


Fig.  3 — Cross  Section  through  Csntsr  of  Gas  Furnace,  Showing 
Location  oy  Disk  Thermocouples,  Regulator,  Etc. 

the  proper  temperature  in  the  charge,  it  is  necessary,  before 
setting  the  adjustable  finger,  to  determine  the  temperature 
difference  between  the  charge  and  the  ribbon.  The  control 
for  determining  the  maximimi  temperature  of  the  ribbon 
is  desirable,  in  order  that  the  loss  by  radiation  may  be  sup- 
plied from  a  source  only  slightly  higher  in  temperature  than 
that  of  the  charge;  but  for  the  rapid  heating  of  cold  molds, 
and  in  order  not  to  lose  time,  it  is  desirable  to  heat  the  ribbon 
to  a  high  temperature. 

In  addition  to  the  automatic  controller,  a  large  adjustable 
rheostat  was  used,  capable  of  reducing  the  furnace  input 
from  its  maximum  of  24  kw.  to  about  5  kw.  The  use  of  the 
rheostat  permitted  greater  flexibility  in  the  operation  of  the 
automatic  control,  for  when  the  input  was  cut  down  by  the 
rheostat  to  a  degree  that  maintained  the  furnace  tempera- 
ture a  little  hotter  than  the  required  schedule,  the  "make 
and  break"  in  the  relay  system  became  less  frequent. 

The  apparatus  described  above  served  very  well  to  hold 
the  furnace  at  a  definite  temperature,  but  for  cooling  the 
furnace  at  a  predetermined  rate,  adjustments  had  to  be  made 
by  hand.  For  cooling  with  comparative  speed,  it  was  possible 
either  to  utilize  the  rheostat,  or  repeatedly  to  set  the  ad- 
justable contact  finger  of  the  recorder  mechanism,  or  to  use 
both.  However,  for  very  slow  cooling  rates  it  was  necessary 
to  rely  upon  the  automatic  mechanism  alone,  and  by  regular 
adjustments  obtain  the  average  cooling  rate  required.  These 
adjustments  required,  by  reason  of  their  frequency  and  nicety, 
the  constant  attention  of  a  skilful  operator,  and  to  obviate 
this  burden  an  automatic  device  was  developed.  This  de- 
vice was  merely  an  adjustable  backgearing  mechanism  for 
altering  the  setting  of  the  adjustable  finger,  and,  in  con- 
junction with  the  apparatus  described  above,  provided  any 
desired  cooling  rate  from  0.2°  C.  per  lir.  to  1°  C.  per  hr. 
Higher  cooling  rates  could  be  obtained  by  the  use  of  the  rheo- 
stat. As  previously  stated,  the  electric  furnace  was  not  as 
satisfactory  as  the  gas  furnace. 

The  Gas  Furnace 

The  gas  furnace  (Fig.  3)  consisted  of  a  regular  pot-arch 
enlarged  to  accommodate  the  iron  cylinder  and  mold.  The 
fuel  used  was  natural  gas  burned  behind  a  breast  wall  by 
means  of  three  burners  of  the  Bunsen  tyjje.  A  small  track 
was  laid  down  on  the  floor  of  the  pot-arch,  and  a  short 
movable  section  of  track  was  so  arranged  outside  as  to  per- 


mit  a  strong  car  to  be  rolled  in  and  out  of  the  furnace.  The 
car  served  as  a  carriage  for  the  mold.  The  auxiliary  section 
of  the  track  was  so  made  that  it  could  be  moved  about  on 
a  transveyor  truck.  The  temperature  of  the  furnace  was 
controlled  by  a  special  Robertshaw  regulator. 

The  Robertshaw  regulator  (Fig.  4)  consists  of  a  valve 
actuated  by  the  differential  expansion  and  contraction  be- 
tween a  carbon  rod  and  a  copper  tube.  In  this  installation, 
the  expansion  tube  extended  through  the  crown  and  into 
the  interior  of  the  furnace  about  8  in.  A  worm  gear  and 
handle  served  for  adjusting  the  regulator  valve  and  for 
determining  the  temperature.  The  device  has  an  arbi- 
trary scale,  and  its  calibration  must  be  determined  for  each 
installation. 

The  Casting  Process 

The  glass  was  melted  and  fined  in  accordance  with  the 
24-hr.  process,^  which  has  been  so  fully  treated  in  the  litera- 
ture as  to  require  no  discussion  here.  Wliile  the  glass  was 
being  melted,  the  mold  was  heated  in  an  auxiliary  furnace 
for  a  period  of  5  hrs.  at  100°  C,  and  was  then  raised  to 
about  500°  C,  by  which  treatment  the  moisture  was  entirely 
removed  from  the  mold.  This  point  was  reached,  and  the 
mold  removed  from  the  furnace,  several  hours  before  the 
former  was  required  for  further  process. 

The  glass  was  cooled  in  the  usual  manner,  and  when  the 
melt  reached  the  proper  temperature  the  stirring  machinery 
was  taken  away.    The  pot  was  at  once  removed  from  the 
furnace  on  a   pot  car- 
riage and  placed  upon 
clay  blocks  immediate- 
ly beneath  the  crane. 
The  hoisting  apparatus 
was  adjusted,  a  cover  ^ 
of   heavy   asbestos     "*■* 
board  placed   on    top 
of  the  pot,   and    the 
melt  permitted  to  chiU 
for  several  minutes. 

The  manner  and  ex- 
tent of  cooUng  are  im- 
portant, for  if  the  glass 
is  too  hot  when  poured, 
bubbles  will  form  when 
it  strikes  the  mold; and, 
on  the  other  hand,  if 
poured  too  cold,  the 
glass  flows  slowly,  and 
by  layering  entraps  air. 
In  fact  a  successful 
pouring  depends  to  a 
very  great  extent  upon  F'g-  * 
the  decision  and  skill 
with  which  the  opera- 
tion is  performed.  In  this  connection,  it  is  to  be  noted  that 
a  measurement  of  the  actual  temperature  of  the  glass  is  diffi- 
cult because  of  the  apparent  opacity  of  the  surface  of  the 
glass  to  the  radiation  of  the  hotter  glass  beneath.  A  relative 
measurement  is  unsatisfactory,  affording  no  means  of  control 
by  reason  of  the  practical  impossibility  of  exactly  dupli- 
cating conditions.  Accordingly,  the  exact  temperature  at 
which  the  pouring  should  be  made  has  not  been  determined, 
although  the  moment  for  pouring  was  successfully  ascer- 
tained in  eacli  case  by  an  experienced  workman,  who  de- 
termined the  proper  viscosity  by  applying  an  iron  rod  to 
the  surface  of  the  glass.  Further  experimentation  will 
undoubtedly  establish  a  method  for  determining,  in  a  more 

»  G.  W.  Morey.  J.  Am.  Ctram.  Soc,  S  (1919),  146. 
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accurate  and  satisfactory  manner,   the  exact  temperature 
at  which  to  pour. 

The  proper  moment  for  casting  having  arrived,  the  mold 
was  placed  close  to  the  pot,  which  was  raised  and  slowly 


Fig.  5 — Casting  a  Reflector  Disk 

tipped  through  an  angle  of  about  120°  (Fig.  5).  The  rela- 
tive positions  of  the  mold  and  the  pot  were  then  carefully 
adjusted  so  the  molten  glass  struck  the  mold  at  its  very 
center  and  slowly,  and  without  folding,  filled  out  the  mold 
to  its  edges.  When  sufficient  glass  was  poured,  the  pot  was 
so  quickly  tipped  back  to  and  beyond  its  original  position 
that  the  rapidly  diminishing  stream  of  glass  was  caught 
upon  the  side  of  the  pot,  thereby  greatly  minimizing  the  num- 
ber of  bubbles  formed  from  folds  in  the  surface  of  the  glass. 
When  the  disk  was  annealed  in  the  electric  furnace  the 
mold  was  immediately  transferred  to  the  furnace,  where  it 
was  carefully  raised  and  lowered  into  the  interior.  The 
cast-iron  cylinder  and  cover  were  then  hoisted  into  place, 
as  was  also  the  hea\Y  furnace  cover  after  the  thermocouples 
had  been  placed  in  their  proper  position.  When  the  gas 
furnace  was  employed,  the  cast-iron  cylinder  and  cover 
were  immediately  put  into  place,  the  transveyor  truck 
moved  to  its  position  at  the  front  of  the  pot-arch,  and  the 
mold  carriage  rolled  in  on  its  track.  A  wall  of  brick  and  clay 
was  quickly  built  up  in  front  of  the  disk,  and  the  furnace 
filled  with  sand  to  a  depth  over  the  mold  casing  of  approxi- 
mately 6  in.,  leaving  a  space,  however,  of  about  a  foot  be- 
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Fig.  6 — Curve  B,  Theoretical  ScnEDULE  for  Annealing  a  Slab  8  In. 
IN  Thickness 

Curve  A,  Schedule  Actually  Used  on  40-in.  Disks 

neath  the  crown  for  the  passage  of  heat  from  the  burners. 
Thus  the  disk  inside  the  casing  was  insulated  with  sand  on 
all  sides.  Two  thermocouples  were  arranged,  the  one  with 
its  hot  junction  in  contact  with  the  center  of  the  iron  plate 
above  the  disk,  and  the  other  projecting  a  few  inches  inside 
the  door  of  the  furnace.  The  fire  was  at  once  turned  on 
full  untU  the  temperature  of  the  furnace  was  from  50°  to 
100°  C.  above  that  of  the  disk,  and  was  then  gradually 
lowered  until  the  disk  reached  its  annealing  temperature. 


The  annealing  schedule  actuaUy  used  on  40-in.  disks  was 
longer  than  was  necessary.  According  to  the  work  of  Adams 
and  Williamson,'  a  slab  of  borosilicate  glass  20  cm.  thick 
should  be  suitably  annealed  if  held  for  7  days  at  the  projier 
annealing  temperature,  and  then  cooled  according  to  the 
following  schedule: 

-  Rate  "  C.perHr. 

Initial 0.2 

After  10° 0.3 

After  20° 0.4 

After  30° 0.5 

After  40° 0.6 

After  50° 0.8 

After  60° 1.1 

After  70° 1.5 

After  80° 2.0 

After  90° 2.8 

After  100° 4.0 

Maximum  cooling  rate  6°  C.  per  hr. 

The  annealing  temperature  used  was  determined  from  a 
sample  taken  from  a  previous  melting.  To  allow  for  a  suffi- 
cient factor  of  safety,  the  disk  was  held  at  its  annealing 
temperature  for  14  days,  a  period  twice  as  long  as  was  neces- 
sary. This  temperature  for  glass  8  in.  in  thickness  was  464° 
C.  Cooling  followed  in  accordance  with  the  schedule  of 
Adams  and  Williamson  as  outlined  above,  although  the 
maximum  cooling  rate  was  retarded  so  as  not  greatly  to 
exceed  1°  C.  per  hr.,  a  precaution  doubtless  unnecessary. 
However,  below  a  temperature  of  100°  C.  it  would  be  diffi- 
cult to  cool  the  furnace  at  a  more  rapid  rate;  rapid  cooling 
accelerated,  for  example,  by  opening  the  furnace  door,  must 
be  avoided  by  reason  of  the  probability  of  uneven  cooling 
setting  up  dangerous  temporary  strain.  Theoretically, 
to  be  sure,  the  tensile  strength  of  the  glass  should  permit 
a  disk  to  be  cooled  toward  the  last  at  a  rate  even  in  excess 
of  6°  C.  per  hr.,  and  such  a  rate  would  permit  a  very  appre- 
ciable and  important  saving  of  time;  but  practically  its 
use  invites  disaster,  and  it  was,  therefore,  deemed  advisable 
to  employ  a  slower,  and,  consequently,  a  safer  cooling  rate. 
A  comparison  of  the  two  curves  shown  in  Fig.  6  will  show 
the  time  which  might  possibly  be  saved  by  using  the  theo- 
retical schedule. 

It  is  unnecessarj-  to  state  that  the  ease  with  which  the 
schediiles  were  maintained  resulted  from  the  automatic 
controlling  devices.  For  example,  when  operating  the 
electric  furnace,  the  temperature  of  the  ribbon,  and  conse- 
quently of  the  furnace  and  its  charge,  was  determined  by 
the  setting  of  the  recorder,  for  when  the  temperature  of  the 
ribbon  reached  the  maximum  limit  as  set  by  the  recorder, 
the  current  was  automatically  broken,  and  then,  as  the 
temperature  of  the  ribbon  lowered  and  reached  the  minimum 
set  bj'  the  recorder,  the  automatic  control  operated  to  com- 
plete the  circuit.  The  difference  in  temperature  between 
the  maximum  and  minimum  limits  was  constant,  corre- 
sponding to  the  distance  between  the  two  brass  strip  con- 
tacts mounted  on  the  fiber  disk  B.  By  this  means,  just 
enough  heat  was  added  to  supply  that  lost  by  the  furnace 
and  disk,  and  a  remarkably  constant  temperature  was  there- 
by maintained  in  the  latter.  By  lowering  the  setting  of  the 
instrument  the  two  limits  were  lowered  equally,  and  con- 
sequently the  temperatures  of  the  ribbon,  furnace,  and  disk 
lowered  accordingly.  Throughout  the  upper  range  both 
limits  were  set  above  the  temperature  of  the  disk,  and  in 
the  lower  range  gi'adually  approached  its  temperature  until 
at  about  75°  C.  all  temperatures  practically  coincided. 
At  this  point,  the  free  cooling  rate  of  the  furnace  became 
less  than  was  required  bv  the  schedule,  so  the  power  was  shut 
off. 

Control  of  the  gas  furnace  followed  somewhat  different 
lines.     In  the  gas  furnace  heat  was  supplied  continuously, 

'J.    Franklin    Inst.,    190    (192U),    850. 
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and  the  temperature  of  tlic  furnace  was  held  constant  by 
the  thermostatic  reguhitor,  whicli,  at  tlie  slightest  cooling, 
opened  to  admit  more  gas,  and  vice  versa.  Owing  to  the 
insulation  of  santi,  consiilerahle  lag  existed  between  the 
temperature  of  the  furnace  and  that  of  the  disk,  and  conse- 
((uently,  slight  changes  in  the-temperature  of  the  former  did 
not  affect  the  disk.  In  order  to  maintain  the  desired  tempera- 
ture in  the  disk,  it  was  necessary  to  operate  the  furnace  at 
a  higher  temperature.  The  difference  varied  with  each  run, 
but  a\eraged  about  100°  C.  at  the  annealing  temperature, 
and  gradually  decreased  as  the  disk  was  cooled. 


Fig.  7 — A  40-In.  Telescope  Disk  Standing  on  Edge 
(The  ruler  is  a  12-in.  one) 

A  few  observations  on  the  general  utility  of  the  regulating 
devices  may  be  of  interest.  In  operating  the  electrical  equip- 
ment it  was  merely  necessary  to  check  against  the  standard 
cell  each  day,  roll  up  the  record  paper,  and  inspect  the 
machine.  The  pen  required  filling  every  two  or  three  days. 
The  chief  source  of  trouble  in  this  control  is  the  possibility 
of  an  arc  forming  on  one  of  the  intermittently  operating 
contact  points,  which  may  not  only  cause  erratic  operation 
of  the  relays,  but  may  fuse  the  contacts  and  thereby  impair 
the  functions  of  the  controller.  In  one  instance,  an  arc 
formed  on  one  of  the  control  disks  at  the  point  where  the 
contact  slider  changes  from  the  "current  on"  side  to  the 
"current  off"  side.  This  carbonized  the  fiber  of  the  insu- 
lating disk,  and  short  circuiting  the  two  sides,  caused  the 
opening  and  closing  coils  to  operate  simultaneously. 

The  gas  regulator  may  be  expected  to  give  little  trouble, 
although  care  must  be  exercised  that  the  exi)ansion  tube 
be  tightly  fastened  to  the  valve  mechanism,  for  should  it 
become  loosened  a  drop  in  temperature  will  result.  Also, 
the  valve  must  be  properly  set  before  the  run  is  commenced, 
so  the  desired  range  of  temperature  control  is  within  the 
range  of  the  instrument,  for  otherwise,  as  adjustments  are 
subsequently  made  to  cool  the  furnace,  a  point  will  be  reached 
where  further  adjustment  will  increase  rather  than  diminish 
the  temperature.  This  is  due  to  the  cam  adjustment  which 
has  no  minimum  stop. 


Advantage  of  Using  a  Low  Expansion  Glass 

It  is  a  fact  quite  generally  accepted  that,  where  a  tele- 
scope disk  is  to  be  used  as  a  reflector,  the  optical  properties 
of  the  glass  used  are  of  no  particular  importance,  and  that 
from  this  standpoint  it  is,  therefore,  possible  to  emjiloy  any 
type  of  glass  possessing  good  weathering  qualities,  such  as, 
for  example,  the  commonly  used  crown  glass.  However, 
the  use  of  ordinary  crowm  glass  is  a  contributing  factor  to 
a  well-known  difficulty  encountered  in  the  use  of  reflecting 
telescopes,  namely,  the  effect  of  temperature  changes. 

Astronomers  using  reflecting  telescopes  are  familiar  with 
the  effects  caused  by  changes  of  temperature  in  parabolic 
mirrors,  as,  for  example,  when  the  mirror  is  exposed  to  radi- 
ation and  becomes  heated,  the  glass  expands,  and  the  shape 
of  its  surface  changes.  It  is  to  minimize  the  effect  of  changes 
in  temperature,  convection  currents,  etc.,  that  parabolic 
mirrors  are  usually  protected  by  an  insulating  chamber. 
Furthermore,  it  is  an  accepted  experience  that  when  these 
undesirable  surface  changes  occur,  the  resultant  effect  on 
the  definition  of  the  reflector  is,  on  the  average,  toward 
under-correction.  It  has  accordingly  been  suggested  that 
this  difficulty  might  be  minimized  provided  the  parabolic 
mirrors  were  made  with  a  slight  degree  of  over-correction.** 
Obviously,  however,  it  is  preferable  to  eliminate  entirely 
the  cause  of  the  under-correction,  and  this  desideratum  was 
kept  in  mind  in  determining  the  composition  of  the  glass  to 
be  used. 

The  glass  used  for  casting  the  disks  mentioned  herein 
was  a  borosilicate  glass  of  the  following  composition: 


Si02       

70.8 

K,0 

14.4 

NaaO         .    ... 

5.4 

CaO 

2.0 

7.2 

AsiOa 

0.2 

Its  selection  was  based  on  the  fact  of  its  lower  expansi- 
bility than  that  of  ordinary  crown  glass,  for  it  is  clearly 
estakished  that  a  change  of  figure  in  a  parabolic  mirror 
during  changes  of  temperature  depends  primarily  on  its 
expansibility.  Ordinary  crown  glass  has  a  coeflScient  of 
expansion  of  about  0.000011  per  °  C,  but  stable  glasses  can 
be  made  with  expansion  coefficients  anywhere  from  0  000003 
up' to  and  beyond  the  expansion  of  ordinary  crown  glass. 
The  glass  used  had  a  coefficient  of  expansion  of  about 
0.000009.  However,  there  is  no  great  difficulty  in  making 
disks  of  glass  with  a  still  lower  expansion  coefficient.  It 
should  nevertheless  be  noted  that  as  the  expansion  coeffi- 
cient is  reduced,  it  becomes  increasingly  difficult  to  elimi- 
nate from  the  glass  small  bubbles,  which  seriously  interfere 
with  the  formation  of  a  satisfactory  mirror  surface. 

'  J.  S.  Plaskett,  J.  Roy.  Aslronom.  Sot.  Can.,  14  (1920),  193. 


Centennial  of  Founding  of  Hobart  College 

Hobart  College,  Geneva,  N.  Y.,  is  to  celebrate  the  one  Juin- 

dredth  anniversary  of  its  founding  on  June  13,  1!)22.     President 

Smith  has  delegated  Prof.  W.  R.  Orndorff,  of  Cornell  I'mversity, 

to  represent  the  American  Chemical  Society  at  this  meeting. 

Location  List  of  Chemical  Periodicals 

The  Research  Information  Service  of  the  National  Research 
Council  is  compiling  a  "location  list"  of  chemical  periodicals  for 
the  use  of  chemists  and  lilirarians.  At  the  present  time,  the 
vScrvicc  has  sent  out  to  many  of  the  libraries  of  the  country  lists 
of  the  eheiiiical  perio(He;ils  which  are  abstracted  in  Clu'miial 
.l/).s7rar/.s,  with  the  request  that  periodicals  available  in  the  library 
be  checked.  When  the  list  is  completed,  it  is  to  be  published. 
Until  this  has  been  done,  information  can  be  obtained  by  applying 
to  C.  J.  West,  Research  Information  Service,  National  Re- 
search Council,  Washington,  P.  C. 
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Production  of  Ammonia  by  the  Sodium  Cyanide  Method' 


By  F.  E.  Bartell 


University  of  Michigan,  Ann  Arbor,  Michig.^n 


During  the  war  a  study  was  made  of  the  reactions  attendant  upon 
the  process  of  steaming  Bucher  cyanized  briquets.  It  was  found 
that  sodium  cyanide  and  sodium  cyanale  were  readily  hydrolyzed, 
giving  theoretical  yields  of  ammonia.  The  iron  present  in  the 
briquets  caused  sodium  ferrocyanide  formation  which  introduced 
certain  difficulties. 

The  formation  of  ferrocyanide  starts  at  the  beginning  of  the  steam- 
ing process,  and  reaches  a  maximum  at  the  temperature  of  about 
475°  C  above  which  temperature  it  is  decomposed.  The  rate  of 
decomposition  is  materially  increased  with  increase  in  sodium  car- 
bonate content.  Decomposition  of  sodium  ferrocyanide  in  the 
presence  of  sodium  carbonate  results  in  but  a  slight  loss  of  fixed 
nitrogen,  owing  to  the  formation  of  cyanide  and  cyanate,  which  prod- 
ucts are  readily  hydrolyzed,  giving  ammonia. 

Proper  temperature  regulation  during  the  process  of  steaming  is 
highly  important.  Under  a  pressure  of  not  over  one  atmosphere, 
the  limit  of  pressure  in  this  investigation,  the  temperature  at  the 
beginning  of  steaming  should  be  about  260°  C.  and  should  not  be 
allowed  to  rise  above  about  650°  C.  At  higher  temperatures  ammo- 
nia is  lost  by  decomposition. 

The  rate  of  steam  admission  is  an  important  factor.  If  the  steam 
is  added  too  slowly  at  first,  the  temperature  will  not  rise  rapidly 
enough  to  conform  to  the  conditions  that  are  apparently  most  favor- 
able. If  the  steam  is  added  too  rapidly,  ammonium  carbonate  is 
formed  with  attending  difficulties.  The  quantity  of  steam  added 
must  be  sufficient  not  only  to  hydrolyze  the  cyanide  and  related  com- 


pounds, but  also  to  oxidize  the  free  iron  which  is  present.  In  order 
to  insure  sufficient  steam  it  seems  best  to  use  approximately  50  per 
cent  excess  over  the  theoretical  amount. 

IVith  4-  and  8-in.  batch  retorts  cyanide  conversion  to  ammonia 
ran  from  85  to  100  per  cent.  With  lO-in.  batch  retorts  (capacity 
300  lbs.  briquets)  ammonia  recovery  of  99  and  100  per  cent  was  ob- 
tained. With  l6-in.  retorts  (^capacity  640  lbs.  briquets)  yields  as 
high  as  93.7  per  cent  were  obtained. 

A  continuous  steamer  was  developed  with  an  estimated  capacity 
of  too  to  200  lbs.  of  briquets  per  hour.  One  run  was  made  with 
this  steamer.     The  ammonia  recovery  was  97.8  per  cent. 

Shortly  before  the  close  of  this  worl^  continuous  operations  were 
being  carried  on.  Two  cyanizing  retorts  such  as  those  used  at 
Saltville  were  put  into  operation.  Each  retort  was  capable  of  pro- 
ducing from  30  to  50  lbs.  of  (20  to  30  per  centNaCN)  cyanized  bri- 
quets per  hour.  Since  the  briquets  were  conveyed  from  the  cyanizer 
directly  to  the  steaming  retorts,  and  after  steaming  back,  'o  the 
cyanizing  retorts,  the  whole  process  was  continuous.  With  this 
layout,  coke,  nitrogen,  and  steam  were  used  as  raw  materials,  and 
ammonia  was  produced  in  quantities  corresponding  to  the  capacity 
of  a  single  technical  unit. 

At  the  time  of  the  Armistice  the  results  of  this  investigation  had 
shown  that  the  cyanide  process  offered  a  feasible  and  sure  method 
for  the  production  of  ammonia.  Its  advantage  lay  in  the  fact  that 
no  electrical  power  was  needed.  Its  main  drawback  '^'"^  the  rela- 
tively high  cost  of  cyanide  production. 


SHORTLY  after  the  entry  of  the  United  States  into  the 
war,  three  processes  for  the  fixation  of  atmospheric  ni- 
trogen were  considered  by  the  War  Department  as 
offering  practical  methods  for  the  production  of  ammonia  and 
ammonium  nitrate.'  The  processes  were  the  synthetic  am- 
monia (Haber)  process,  the  cyanamide  process,  and  the 
cyanide  process.  It  is  well-known  liistory  that  the  Govern- 
ment constructed  plants  for  the  manufacture  of  ammonia  by 
the  first  two  processes.  The  result  of  this  work  has  been 
well  covered  in  recent  chemical  Uterature. 

In  the  United  States  prior  to  1917  none  of  the  above  am- 
monia processes  had  progressed  beyond  the  experimental 
stage.  It  was  definitely  known  that  ammonia  could  be  pro- 
duced by  the  cyanamide  process,  and  further  that  such  a  pro- 
cess was  in  actual  operation  in  Germany  with  an  estimated 
production  for  1917  of  400,000  tons  of  cyanamide.  It  was 
known  also  that  the  synthetic  process  was  in  apparently 
successful  operation  in  Germany,  though  it  had  never  been 
successfully  operated  in  this  country.  The  cyanide  process 
was  to  a  still  greater  extent  in  the  experimental  stage.    Fur- 
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2  This  article  is  printed  with  the  approval  of  the  Chief  of  the  Ordnance, 
U.  S.  A.,  also  with  the  approval  of  Mr.  Edward  E.  Arnold,  President  of  the 
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>  Report  of  Nitrate  Supply  Committee,  This  Journal.  9  (1917),  829. 


thermore,  on  paper,  the  cost  of  production  of  ammonia  by 
the  cyanide  process  appeared  to  be  greater  than  the  cost  of 
production  by  either  of  the  other  processes. 

Near  the  close  of  the  year  1917,  the  War  Department,  real- 
izing that  cyanide  was  needed  for  purposes  other  than  the 
formation  of  nitrates,  decided  to  attempt  the  development  of 
the  cyanide  process.  Late  in  December  1917  plans  were  made 
for  the  construction  of  a  cyanide  plant  under  the  direction 
of  the  Bureau  of  Mines;  accordingly  a  plant  was  built  at 
Saltville,  Va.,  with  a  capacity  of  10  tons  sodium  cyanide  per 
day.' 

At  the  same  time  an  active  research  on  the  production  of 
ammonia  from  cyanide  was  undertaken  by  the  Nitrate  Divi- 
sion of  the  Ordnance  Department,  cooperating  with  the 
Nitrogen  Products  Co.,  of  Providence,  R.  I.,  at  the  experi- 
mental plant  of  this  company  Ln  Greene,  R.  I. 

In  January  1918  this  work  was  placed  under  the  direction 
of  the  writer  (then  Captain,  Nitrate  Div.  Ord.  Dept.)  and 
Donald  V.  Lowe  (Lieutenant,  Nitrate  Div.  Ord.  Dept.), 
who  were  later  given  the  assistance  of  about  thirty  men,  in- 
cluding chemists,  chemical  engineers,  and  assistants.  With 
this  group  much  of  the  work  was  carried  on  in  shifts,  making 
it  possible  to  conduct  continuous  experiments  overlong-time 
intervals. 

Cooperative  research  was  simultaneously  carried  on  at 
■  the  Geophysical  Laboratory  in  Washington,''  and  at  the  U.  S. 
Chemical  Plant  in  Saltville,  Va.° 

The  main  object  of  the  research  at  the  Greene,  R.  I.,  lab- 
oratory was  the  development  of  a  method  for  the'production 

'  C.  O.  Brown,  This  JotjRNAi,,  11  (1919),  1010. 

•  J.  B.  Ferguson  and  P.  D.  V.  Manning,  Ibid.,  11  (1919),  916. 

'  G.  W.  Heise  and  H.  E.  Foote.  Ibid.,  12  (1920).  331. 


June,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


517 


of  amraonia  directly  from  the  cyanide  present  in  the  cya- 
nized  briquets,  such  as  were  to  be  made  by  the  Bucher  pro- 
cess at  Saltville.  Briefly,  it  may  be  stated  that  the  steaming 
process  for  conversion  of  sodium  cyanide  to  ammonia  was 
finally  developed  in  the  laboratory  at  Greene  to  a  point  where 
practically  the  theoretical  yield  of  ammonia  could  be  ob- 
tained by  employing  batch  retorts,  and  also  good  yields  were 
obtained  with  continuous  retorts.  With  8-in.  and  10-in. 
batch  retorts,  100  per  cent  yields  were  obtained;  with  16-in. 
batch  retorts,  with  capacity  of  600  lbs.  of  briquets,  as  high  as 
93.7  per  cent  yields  were  obtained. 

During  this  work  it  became  evident  that  by  far  the  largest 
part  of  the  cost  of  ammonia  production  by  this  method  was 
due  to  the  high  cost  of  producing  cyanized  briquets;  con- 
sequently, the  cyanizing  end  of  the  process  was  also  in- 
vestigated in  the  Greene  laboratory,  with  the  result  that 
yields  were  finally  obtained  over  comparatively  long 
periods  which  were  considerably  higher  than  any  yields  pre- 
viously recorded  by  this  method. 

Scope  of  Work 

The  work  covered  in  the  research  carried  on  at  Greene  may 
be  classified  under  three  heads: 

1 — Laboratory  research  work  which  had  to  deal  for  the  most  part  with 
equilibrium  studies. 

2 — Small  scale  work  in  which  both  cyanizing'  and  steaming  reactions 
were  carried  out  in  retorts  from  2  in.  to  8  in.  in  diameter,  these  retorts  hav- 
ing a  briquet  capacity  of  from  2  to  40  lbs.  of  material. 
3 — Large  scale  work. 

(a)   Batch  steaming  work  with  retorts  8  in.  to  16  in.  in  diameter  with 
ft  capacity  from  150  to  about  600  lbs.  of  material. 

(6)   Continuous  steaming  work,  with  retorts  with  a  capacity  as  high 
as  100  to  200  lbs.  of  briquet  material  per  hour. 

(c)  Continuous  cyanization  work  with  large-sized  units,  each  capable 
of  handling  from  50  to  100  lbs.  of  briquet  material  per  hour. 

(*f)  Final  development  of  a  complete  and  continuous  cyanizing  and 
steaming  process. 

The  Cyanide  Process 

The  cyanide  process  controlled  by  the  Nitrogen  Products 
Company  is  the  so-called  Bucher  process'  in  which  nitrogen 
is  passed  through  a  heated  mixture  of  coke,  soda  ash,  and 
iron.  The  iron  is  present  merely  to  serve  as  a  catalytic 
agent.  In  practice  the  coke,  soda  ash,  and  iron  are  brought 
together  in  the  form  of  briquets.  This  material  is  heated  in 
retorts  to  a  temperature  of  at  least  1000°  C.  Pure  nitrogen 
is  passed  through  the  mass  which  gives  the  following  reaction: 

Na-^COa  +  4C  -f  N2  =  2NaCN  +  3CO-138,500  cal.       (1) 

During  this  process  carbonate  is  converted  into  cyanide 
and  the  physical  properties  of  the  briquets  are  not  seriously 
altered.  In  this  condition  they  are  well  suited  to  the  steam- 
ing operations  which  are  later  employed  to  convert  the  cyanide 
to  ammonia. 

Hydrolysis  op  Cy.\nide 

The  hydrolysis  of  cyanide  may  be  caused  to  take  place  in 
three  stages  according  to  the  following  reactions: 

2NaCN  -t-  4H2O  =  2NH3  +  2HC00Na  +  64,000  cal.       (2) 

This  reaction  is  exothermic  and  takes  place  at  low  tempera- 
tures, 100°  C.  to  200°  C.  Above  200°  C.  sodium  formate 
is  converted  into  oxalate : 

2HCOONa  =  Na2C2O4  4-H2-3,000cal.  (3) 

This  reaction  is  endothermic.  At  360°  C.  this  reaction  will 
go  to  completion.  At  a  still  higher  temperature,  somewhat 
above  400°  C,  sodium  oxalate  is  converted  into  carbonate: 

NajC^O,  =  NajCOs  -(-CO  - 14,800  cal.  (4) 

This  reaction  is  endothermic.  The  complete  reaction  may 
be  written: 

'  Bucher,  This  Journal,  9  (1917),  233. 


2NaCN  -I-  4H20=2NHa-(-  NaaCO.-l-  H2+  CO  -|-  40,200  cal.  (5) 

The  total  heat  effect  of  the  reaction  is  exothermic. 

If  sodium  cyanide  (or  cyanized  briquets)  is  treated  with 
saturated  steam.  Reaction  2  only  takes  place  and  sodium 
formate  is  the  product  of  reaction.  If  dry  superheated 
steam  is  used,  the  temperature  of  the  mass  rises,  as  a  result 
of  the  exothermicity  of  the  reaction.  If  the  cyanide  content 
of  the  briquets  is  sufficiently  high  and  the  thermal  conduc- 
tion from  the  retort  low,  the  temperature  will  be  raised 
sufficiently  to  result  in  carbonate  formation.  The  advantage 
of  the  latter  reaction  is  that  when  sodium  carbonate  is  formed 
in  steaming,  the  briquets  again  contain  the  materials  neces- 
sary for  cyanide  formation  and,  owing  to  their  dryness,  are 
again  in  condition  for  recyanizing.  By  employing  this 
method  it  is  possible  to  pass  the  briquets  through  the  cya- 
nizing-steaming-cyanizing  cycle  a  number  of  times  (at  least 
three  or  four)  without  remaking  or  refortifying  them. 

Hydrolysis  of  Cyanate 

During  the  cyanization  and  subsequent  cooling  of  briquets, 
some  sodium  cyanide  is  oxidized  to  cyanate;  also  during 
steaming  some  cyanate  is  formed.  The  presence  of  cyanate 
offers  very  Uttle  difficulty. 

2NaCN0  4-  3H2O  =Na2C03  -1-  2NH3  -|-  CO2  +  15,340  cal.    (6) 

All  of  the  combiaed  nitrogen  in  this  compound  is  converted 
into  NH3.  The  only  difficulty  comes  through  the  presence  of 
carbon  dioxide,  which  is  liberated  and  which  may  react  with 
the  ammonia  gas  to  form  ammonium  carbonate.  If  the 
carbonate  is  formed  in  comparatively  large  quantities  it  may 
cause  trouble  by  plugging  the  ammonia  scrubber  system. 

Complication  of  Steaming  Due  to  Presence  of  Iron 

The  presence  of  iron  tends  to  compUcate  the  reactions 
which  take  place  during  the  process  of  steaming.  The  prin- 
cipal difficulties  encountered  are  the  formation  of  ferrocya- 
nide  and  the  subsequent  reactions  of  this  compound. 

Briquets  taken  directly  from  the  cyanizing  retorts  and 
conveyed  to  the  steaming  retorts  with  as  little  handling  as 
possible  adsorbed  about  0.2  per  cent  moisture.  If  allowed 
to  stand  for  a  number  of  days  they  took  up  a  maximum  of 
about  3  per  cent  moisture.  The  rate  of  adsorption  is  shown 
in  Table  I: 


No. 
1 
2 
•  3 
4 
4 

The  above  experiments  showed  clearly  that  cyanized  bri- 
quets should  not  be  handled  and  exposed  to  the  atmosphere 
for  any  appreciable  length  of  time  before  steaming.  It  was 
found  that  briquets  which  contained  as  high  as  20  per  cent 
cyanide  would,  at  the  very  beginning  of  steaming  operations, 
owing  to  the  iron  present,  have  as  high  as  40  per  cent  of  total 
cyanide  converted  into  ferrocyanide.  The  formation  of  so- 
dium ferrocyanido  and  hydrate  of  sodium  ferrocyanide  causes 
not  only  chemical  difficulties,  as  will  be  shown  later,  but  also 
mechanical  difficulties.  If  the  hydrate  of  sodium  ferrocya- 
nide is  formed  rapidly  in  the  early  stages  of  steaming,  "set- 
ting" of  briquets  and  sticking  in  the  retort  occur.  With 
continuous  retorts  this  becomes  a  serious  problem.  In  this 
connection  the  principal  facts  to  be  kept  in  mind  are: 

1 — If  briciucts  containing  moisture  are  used,  the  hydrate  of  the  ferro- 
cyanide will  be  formed  when  the  briquets  are  heated  to  the  temperature 
suited  to  its  formation. 

2 — If  wet  steam  is  allowed  to  come  in  contact  with  heated  briquets 
the  ferrocyanide  hydrate  will  form  quickly. 


Tabi,b  I 

Water  Content 

Treatment  of  Briquets 

Per  cent 

Direct  from  cy'anizer 

0.20 

Exposed  1  hr. 

0.72 

Exposed  3  hrs. 

l.SO 

Exposed  number  of  days 

3.04 

Then  dried  at  250°  C 

0.42 
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3 — If  dry  steam  is  allowed  to  come  in  contact  with  briquets  which  have 
not  been  heated  above  the  temperature  limit  for  ferrocyanide  hydrate  forma- 
tion, the  temperature  of  the  system  will  be  lowered  by  heat  transfer  and  the 
hydrate  will  form. 

In  order  to  avoid  these  difficulties,  the  briquets  must  be 
heated  to  a  temperature  above  that  suited  to  hydrate  forma- 
tion and,  also,  superheated  steam  must  be  used. 

In  much  of  the  steaming  work,  cyanized  briquets  which 
had  been  made  in  the  SaltviUe,  Va.,  plant  of  the  Nitrogen 
Products  Company  were  used.  These  briquets  contained 
from  12  to  17  per  cent  iron.  In  some  of  the  later  cyanizing 
experiments  it  was  found  that  briquets  containing  much  less 
iron  could  be  used  and  still  give  good  yields  of  cyanide.  With 
such  briquets  the  difficulties  due  to  ferrocyanide  formation 
were  greatly  decreased. 

Principal  Secondakt  Reactions 

The  more  important  secondary  reactions  in  the  steaming 
process  are  as  follows: 

1 — As  the  steaming  of  briquets  proceeds,  the  iron  present  is 
oxidized  to  the  oxides  FeO  and  FesOi.  The  latter  reaction  goes 
practically  to  completion  at  a  temperatiu"e  of  about  500  ° : 

3Fe  +  4H2O  =  FesOi  +  4H2  (7) 

2 — Iron  or  the  oxides  of  iron  may  react  with  sodium  cyanide 
and  steam  to  form  sodium  ferrocyanide: 

6NaCN  +  Fe  +  2H2O  =Na4Fe(CN)6  +  2NaOH  +  H2    (8) 
or  6NaCN  +  FeO  +  H2O  =  NaiFe(CN)6  +  2NaOH     (9) 

3 — During  the  process  of  steaming  the  ferrocyanide  thus  formed 
may  be  decomposed: 

NaiFeCeNe  =  4NaCN  +  Fe  +  2C  +N2  (10) 

This  decomposition  is  practically  complete  at  a  temperature  of 
about  500°.     Fixed  nitrogen  is  lost  in  this  reaction. 

4 — Sodium  ferrocyanide  may  react  with  other  compounds 
present,  such  as  sodium  carbonate  or  ammonium  carbonate. 
With  sodium  carbonate  the  reaction  is: 

NaiFeCeNe  +  Na^COj  =  5NaCN  +  NaCNO  +  CO2  +  Fe    (11) 

The  nitrogen  products  of  this  reaction  would  be  hydrolyzed  by 
steam  so  no  loss  of  nitrogen  would  resiUt. 

5 — In  the  presence  of  free  iron  ammonia  is  dissociated : 

2NH3  =  N2  +  3H2  (12) 

The  active  decomposition  of  ammonia  begins  at  about  the 
upper  limit  of  temperature  needed  for  the  completion  of  the 
steaming  reaction.  In  practice  no  serious  loss  of  ammonia  re- 
sults from  this  reaction. 

6 — A  loss  of  carbon  through  oxidation  by  steam  results  at 
low  temperatures  through  the  reaction : 

C+2H2O  =  CO2+2H2-41,560cal.  (13) 

and  at  higher  temperattires  through  the  well-known  gas  reaction : 
C4-H20  =  CO-f  H2-42,330cal.  (14) 

A  large  excess  of  steam  should  be  avoided,  since  not  only  is 
carbon  wasted  but  in  addition  the  system  is  cooled  owing  to  the 
endothermicity  of  the  reaction. 

These  reactions  are  the  principal  ones  which  take  place 
during  the  process  of  steaming.  Other  reactions  are  possible 
and  other  reactions  do  actually  occur,  giving  compounds  not 
included  in  the  above  equations;  none  of  the  other  reactions, 
however,  have  introduced  serious  difficulties  into  the  pro- 
cess.   Ideal  reactions  for  the  entire  process  are  as  foUows : 

NazCOs-f  4C-f  N.  =  2NaCN-l-3CO  (15) 

2NaCN  -I-  4H2O  =2NH3  +  Na2C03  -H  H2  -f  CO  (16) 

or  4C  -f  N2  +  4H2O  =  2NH3  -f  H2  -I-  4CO  (17) 

Theoretically  the  only  raw  materials  necessary  for  the 
entire  process  are  coke,  nitrogen,  and  steam.  The  products 
from  reaction  being  NH3,  II2,  and  CO,  the  two  latter  gases 
are  by-products  that  in  practice  should  be  available  in  the 
form  of  combustible  gases  which  would  aid  in  keeping  up 
either  the  temperature  of  the  steaming  or  the  temperature  of 
the  cyanizing  reactions. 


Results 

Although  the  writer's  own  research  work  as  well  as  that 
being  carried  on  at  the  Geophysical  Laboratory  had  shown 
that  high  pressures  aid  in  the  steaming  process,  it  was  de- 
cided to  attempt  the  development  of  a  process  which  would 
operate  at  atmospheric  pressure  in  order  to  avoid  the  various 
mechanical  difficulties  attendant  upon  working  at  high  pres- 
sures; also,  at  this  time,  the  writer  was  limited  in  large 
scale  work  to  a  steam  pressure  of  but  15  lbs.  per  sq.  in. 
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Practically  aU  work  herein  described  was  carried  out  either 
at  atmospheric  pressure  or  at  the  pressure  of  approximately 
one  atmosphere.  With  batch  retorts  very  nearly  theoretical 
yields  of  ammonia  from  sodium  cyanide  were  obtained. 
With  the  continuous  retorts  certain  difficulties  were  at  first 
encountered,  both  mechanical  and  chemical,  due  principally 
to  ferrocyanide  formation.  These  difficulties  had  been 
largely  overcome  at  the  time  of  the  conclusion  of  the  investi- 
gation (November  1918). 

In  the  following  discussion  some  of  the  results  o'btained  with 
small  retorts  (4  in.  and  8  in.)  will  be  given,  inasmuch  as  these 
results  are  typical  and  tend  to  throw  hght  on  the  progress  of  the 
reactions  during  the  process  of  steaming. 

Extent  to  Which  Temper-^tures  of  the  Steaming  Reac- 
tion Are  Self-Sustaining 

Series  of  experiments  were  undertaken  in  order  to  determine 
to  what  extent  ammonia  recovery  could  be  carried  on  without 
the  extension  of  heat.  Briquets  of  18  to  20  per  cent  cyanide 
content  were  used. 

In  these  experiments  35  lbs.  of  briquets  were  placed  in  an 
8-in.  retort,  the  whole  system  was  heated  to  a  given  tempera- 
ture, the  external  temperature  was  then  held  constant,  steam 
was  turned  on,  and  the  temperature  of  the  reactive  mass 
noted. 
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In  Table  II  the  results  from  one  series  of  runs  are  given. 
These  show  the  maximum  internal  temperature  attained  in 
each  case,  as  also  the  per  cent  recovery  of  ammonia. 


Table  II 

Maximum  Tempera- 

External  Tempera-       ture  inside  Retort 

ture  (i.  c,  Furnace      Due  to  Heat  of  Re- 

Temperature)                       action 

Per  cent  NHs 

nNo. 

°C.                                  "C. 

Recovery 

1 

200                                   476 

36 

2 

250                                   610 

62 

3 

275                                   640 

76 

4 

375                                   695 

73 

5 

400                                   700 

57 

As  steam  was  admitted  to  the  retort  the  temperature  rose. 
The  rate  of  temperature  increase  depended  upon  the  rate  of 
steam  admission  and  upon  the  rate  of  thermal  conduction 
from  the  retort.  As  the  steam  was  passed  into  the  retort 
the  maximum  temperature  was  reached,  after  which  the  tem- 
perature again  fell  fairly  rapidly  and  became  so  low  that  the 
reaction  became  sluggish,  and  ammonia  evolution  practically 
ceased.  The  maximum  yield  of  ammonia  was  obtained  with 
a  temperature  of  about  6.50°  C;  at  temperatures  higher  than 
this  considerable  ammonia  was  lost  through  decomposition. 

The  rate  of  steam  admission  at  the  various  stages  of  the  re- 
action was  important.  Our  results  indicated  that  whUe  a 
fairly  large  amount  of  steam  was  desirable  in  the  early  stage 
of  the  reaction,  a  large  excess  should  be  avoided.  Best  re- 
coveries were  obtained  when  but  a  slight  excess  of  steam 
(not  over  50  per  cent)  in  every  stage  of  the  reaction  was  used. 

The  most  satisfactory  procedure  was  to  bring  the  bri- 
quet mass  to  a  temperature  of  from  260°  to  275°,  admit 
steam  not  too  rapidly,  then,  after  the  temperature  of  the  sys- 
tem had  risen  to  about  450°  C,  to  apply  external  heat,  caus- 
ing the  rate  of  temperature  increase  to  remain  practically  con- 
stant until  the  end  of  the  reaction  had  been  reached. 

Progress  or  Reactions 

Experiments  carried  out  with  4-iii.  batch  retorts  had 
shown  that  practically  complete  ammonia  recovery  could 
be  obtained  in  from  50  to  60  min.  A  series  of  runs  was  made 
with  a  retort  of  this  t3rpe  to  follow  the  progress  of  the  various 
reactions  which  occur  in  the  steaming  of  cyanized  briquets. 
Ten  pounds  of  briquets  were  placed  in  each  retort  for  each 
run.  The  temperature  was  raised  to  260°  and  steam  was 
then  admitted.  Each  run  was  started  under  the  same  condi- 
tions and  kept  as  nearly  as  possible  under  the  same  conditions 
throughout  its  extent.  The  periods  of  steaming  were  car- 
ried on  progressively.  The  first  run  was  carried  on  for  10 
min.,  after  which  it  was  stopped  and  an  analysis  of  the  ma- 
terials present  made.  The  nex-t  run  lasted  for  20  min.,  the 
next  run  30  min.,  the  next  40  min.,  and  the  last  50  min. 
The  data  obtained  in  these  runs  are  shown  in  Figs.  1  to  4, 
inclusive. 

Temperature  vs.  Time 

The  average  temperature  values  for  the  various  time  inter- 
vals of  the  above-described  set  of  experiments  are  plotted  in 
the  curves  in  Fig.  1.  The  briquet  material  within  the  retort 
was  first  brought  to  a  temperature  equilibrium  which  was 
practically  the  same  as  the  external  temperature  (i.  e.,  the 
temperature  of  the  furnace  chamber).  The  external  tem- 
perature was  held  constant  at  260°  for  a  period  of  20  min. 
During  that  time  the  temperature  of  the  briquet  material 
was  raised  by  the  heat  of  reaction.  At  the  end  of  20  min.  the 
internal  temperature  had  risen  to  nearly  440°;  near  the  end 
of  this  period,  however,  the  rate  of  temperature  rise  had 
become  much  less  rapid.  The  external  temperature  was 
now  stepped  up.  At  the  end  of  30  min.  the  external  temper- 
ature was  about  565°,  while  the  internal  temperature  had 
risen  to  but  475°.    By  gradually  raising  the  external  tem- 


perature throughout  the  remainder  of  the  run,  the  internal 
temperature  was  likewise  caused  to  rise  gradually. 

The  rate  of  temperature  increase  sho\vn  in  these  curves  rep- 
resents what  has  been  proved  by  repeated  experience  to  be  a 
desirable  rate  to  observe  when  steaming  briquets  in  a  4-in. 
retort.  Had  stepping  up  the  externa)  temperature  been  de- 
■  layed,  the  internal  temperature  would  have  reached  a  max- 
imum (due  to  the  heat  of  reaction),  and  a  lag  in  the  curve,  or 
even  a  drop  in  it  would  have  resulted.   The  slope  of  the  time- 
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temperature  curve  depends  for  most  part  upon  two  factors: 
first,  rate  of  steam  admission;  second,  cyanide  content  of 
briquets.  Briquets  with  high  cyanide  content  gave  a  rapid 
temperature  rise  in  the  early  stages  of  the  reaction. 

Per  cent  op  Constituent  vs.  Time 

In  Fig.  2,  the  per  cent  of  constituent  is  plotted  as  ordinate 
while  the  time  in  minutes  is  plotted  as  abscissa. 
The  original  analysis  of  the  briquets  was  as  follows: 


Per  cent 

Per  cent 

NaCN 

20.07 

NaiCOj 

36.4 

NaCNO 

0.48 

Free  iron 

16.4 

NmPeCtNo 

O.OO 

Carbon 

21.7 

sodium  cyanide — At  the  beginning  of  steaming  the  bri- 
quets contained  20.07  per  cent  NaCN,  at  the  end  of  the  first 
10  min.  but  7.98  per  cent,  and  at  the  end  of  30  min.  but  0.63 
per  cent.  The  ammonia  recovery  at  the  end  of  this  period 
was  but  41.4  per  cent  of  theoretical.  That  the  fixed  nitro- 
gen, must  be  in  some  form  other  than  NaCN  or  NHs  is 
shown  by  the  fact  that,  although  but  3  per  cent  of  the  origi- 
nal sodium  cyanide  remained  in  briquets,  58.6  per  cent  of 
the  theoretical  ammonia  had  not  been  accounted  for.  This 
shows  also  that  one  is  not  justified  in  calculating  ammonia 
liberated  in  hydrolysis  of  sodium  cyanide  in  briquets  by  tak- 
ing as  a  basis  of  calculation  the  amount  of  sodium  cyanide 
remaining  undecomposed  in  the  briquets. 

sodium  cyanate — The  sodium  cyanate  content  of  the  origi- 
nal briquets  was  0.48  per  cent.    With  beginning  of  steaming 
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this  value  dropped  to  appro.vimately  0.2  per  cent  where  it 
remained  until  late  in  the  period  of  steaming.  The  fact 
that  the  amount  of  cyanate  remained  so  constant  makes  it 
appear  that  we  may  have  an  equiUbrium  condition  and  that 
a  considerable  amount  of  fixed  nitrogen  may  pass  through 
this  stage.     During  the  later  periods  of  steaming  the  tempo- 
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rary  formation  of  NaCNO  must  be  fairly  active,  as  a  result  of 
a  reaction  between  the  NaiFeCeNe  and  Na^COs.  This  is 
shown  by  the  active  hberation  of  COa  gas.  (Equation  22.) 

SODIUM  FEEROCYAiJiDE^It  was  appreciated  early  in  the 
research  that,  during  an  intermediate  stage  in  the  steaming 
reaction,  not  all  the  fixed  nitrogen  could  be  accounted  for. 
In  the  early  stages,  as  also  in  the  later  stages,  practically  all 
the  fixed  nitrogen  could  be  accounted  for.  This  fact  justi- 
fied the  belief  that  nitrogen-bearing  compounds  must  be 
formed  during  the  steaming  process.  An  investigation 
brought  out  the  fact  that  sodium  ferrocyanide  is  formed  and 
that  the  greater  percentage  of  the  nitrogen,  though  not  all,* 
can  thus  be  accounted  for. 

Formation  of  ferrocyanide  begins  at  the  beginning  of  steam- 
ing. It  increases  rapidlj'^  in  amount  and  reaches  a  maximum 
at  a  temperature  of  about  475°;  above  this  temperature  it  is 
decomposed.  Complete  decomposition  does  not  result  dur- 
ing the  60-min.  steaming  period  unless  a  temperature  of 
about  600°  C.  is  reached  and  maintained  throughout  the  last 
30  min.  The  rate  of  decomposition  is  dependent  also  upon 
the  amount  of  sodium  carbonate  present.  For  a  given  tem- 
perature the  rate  of  decomposition  is  materially  increased  with 
increase  in  sodium  carbonate  content.  Considerable  time 
is  always  required  to  drive  off  the  last  traces  of  ammonia. 
In  the  curve  in  Fig.  2,  at  the  end  of  50  min.  about  2  per  cent 
ferrocyanide  remained  in  the  briquets,  while  the  recovery  of 
ammonia  (Fig.  3)  at  this  point  had  reached  84.8  per  cent. 

IRON — At  the  beginning  of  steaming  the  briquets  contained 
16.4  per  cent  free  iron.  Oxidation  began  at  once  and  con- 
tinued throughout  the  run.  At  the  end  of  20  min.  (tem- 
perature about  433°  C.)  over  half  the  iron  had  been  oxidized. 
As  the  temperature  was  raised  the  rate  of  oxidation  increased; 
Fe304  was  now  formed.  At  the  end  of  50  min.,  but  0.77  per 
cent  free  iron  remained. 

At  the  conclusion  of  a  steaming  run  practically  all  the 
iron  present  in  the  briquets  was  in  the  form  of  oxide.  This 
fact  does  not  hinder  the  recyanization  of  the  steamed  bri- 
quets, for  it  has  been  found  that,  even  though  pure,  finely 

•  The  writer  has  not  as  yet  been  able  to  determine   in  what  forma  all 
nitrogen  exists  during  this  period. 


divided  iron  is  used  in  the  making  of  briquets,  this  iron 
becomes  almost  completely  oxidized  during  the  process  of 
Icneading  and  drying.  During  the  process  of  cyanization  this 
oxide  is  reduced  (in  some  instances  only  partly)  and  serves 
its  function  as  a  catalyst  in  the  reaction.  The  oxidation  of 
iron  during  steaming  offers  no  disadvantages  except  that 
carbon  must  later  be  used  up  in  order  to  reduce  the  oxide  when 
the  briquets  are  subjected  to  the  process  of  recyanizing. 
As  far  as  the  total  effect  on  steaming  is  concerned,  the  oxida- 
tion of  iron  is  advantageous  in  that  the  reaction  is  highly 
exothermic: 

3Fe  +  4H2O  =Fe30,  +  4H2  +  200,800  cal.  (18) 

and  is  the  source  of  much  of  the  internal  heat  which  is  gener- 
ated during  steaming. 

Ammonia  Recovery  vs.  Time 

The  rate  of  ammonia  evolution  (Fig.  3)  was  high  during 
the  first  20  min.  of  the  reaction;  at  the  end  of  this  period 
the  temperature  had  reached  433°,  83  per  cent  of  the  cya- 
nide had  disappeared,  and  had  formed  6.67  per  cent  ferro- 
cyanide, wliQe  the  ammonia  recovery  was  but  39.5  per  cent 
of  the  theoretical.  During  the  next  10-min.  interval,  in 
which  the  temperature  had  increased  to  473°,  the  ammonia 
evolution  was  low;  but  1.9  per  cent  of  the  total  ammonia  was 
given  off.  During  this  interval  the  cyanide  content  had 
dropped  to  very  nearly  a  minimum,  whUe  the  ferrocyanide 
content  had  risen  to  a  maximum. 

Above  this  temperature  the  rate  of  evolution  again  in- 
creased very  nearly  to  its  original  value.  It  is  noted  that  this 
increase  in  evolution  of  gas  begins  with  the  decomposition 
of  ferrocyanide  and,  further,  that  the  high  evolution  of  gas  is  a 
direct  result  of  the  decomposition  of  the  sodium  ferrocyanide. 

Composition  of  Gases  Evolved  during  Steaming 

Curves  showing  the  rate  of  gas  evolution  during  steaming 
operations  are  given  in  Fig.  4. 

At  the  end  of  the  10-min.  period  the  gas  composition  was 
95  per  cent  H2,  0.7  per  cent  N2,  4.3  per  cent  CO.  Tliis  gas 
composition  indicated  that  for  most  part  the  following  re- 
actions were  in  progress: 

2NaCN  -I-  4H,0  =  2NH3  +  Na^COa  -|-  H,  -f  CO       (19) 
and  C  -t-  H2O  =  CO  -4-  H.,  (20) 

At  the  end  of  the  30-min.  period  the  gas  composition  was 
1.3  per  cent  N2,  5.4  per  cent  CO,  93.3  per  cent  H2;  Reaction 
19  was  decreasing  in  extent  and  Reaction  21 

Na4FeC6N6=4NaCN  4-  Fe  -|-  2C  +  N2  (21) 

was  beginning.  At  the  end  of  the  50-min.  period  the  gas 
composition  was:  N2  1  per  cent,  CO  2.7  per  cent,  CO2  8.1 
per  cent,  H2  88.2  per  cent. 

This  analysis  shows  that  very  little  Na4FeC6N6  was  de- 
composing according  to  Equation  21,  but  instead  was  react- 
ing according  to  Equation  22: 
NaiFeCeNs  -f  NajCOs  =  5NaCN  +  NaCNO  +  Fe  +  CO2     (22) 

These  results  indicate  why  it  is  possible  to  obtain  high  yields 
of  ammonia  even  though  the  sodium  cyanide  of  briquets  may 
be  converted  to  sodium  ferrocyanide. 

Comparison  of  Value  on  Curves 

The  time  factors  of  all  the  curves  have  been  plotted  as 
abscissas,  and  all  on  the  same  scale.  It  is  possible  there- 
fore to  compare  directly  all  corresponding  points  on  these 
different  curves. 

Large  Scale  Work 

Repeated  experimental  runs  made  with  an  8-in.  batch 
retort  had  shown  that  from  85  to  100  per  cent  ammonia  re- 
covery could  be  attained.     It  further  appeared  that  from  95 
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to  100  per  cent  recovery  could  be  obtained,  provided  suffi- 
cient care  were  taken  and  sufficient  time  allowed  for  the 
removal  of  the  last  traces  of  ammonia. 

The  results  obtained  in  a  series  of  runs  with  an  8-in.  batch 
retort  of  about  190  lbs.  briquet  capacity  are  given  in  Table  III. 


T 

\BI.E  III 

NaCN 

Per  cent  Animoaia 

in  Bri- 

Time 

Temper- 

Recovered Based  on 

Per  cent  Recovery 

quets 

of  Steam- 

ature 

Total  N  Content  of 

Based  on  NaCN  in 

Per  cent 

ing,  Min. 

Range.  "  C. 

Briquets 

Briquets 

17.09 

150 

260-675 

82.9 

84.5 

19.25 

110 

260-675 

87.6 

93.1 

18.19 

115 

250-590 

86.6 

88.9 

17.80 

60 

130-680 

88. 5 

91.5 

19.84 

75 

115-605 

94.6 

96.3 

23.76 

210 

245-710 

90.1. 

93.5 

25.79 

175 

260-685 

100.0 

102.5 

25.91 

158 

260-710 

89.6 

91.6 

25.75 

155 

260-685 

88.1 

91.1 

20.79 

210 

260-690 

83.0 

86.3 

19.99 

155 

250-675 

94.1 

96.3 

Average     91.2 

These  runs  are  not  typical  of  runs  made  primarily  for  high 
recovery.  They  were  strictly  experimental  and  were  made 
to  determine  the  effect  of  varying  different  factors  connected 
with  the  reactions,  such  as  the  effect  of  different  percentages 
of  cyanide  in  briquets,  different  amounts  of  steam  during 
different  stages  of  the  reaction,  etc.;  also  for  determining 
the  extent  to  which  the  reactions  were  self-sustaining  ther- 
mally. In  these  runs  absolutely  dry  briquets  were  not  used 
in  all  cases,  which  would  tend  to  lower  the  ammonia  recovery. 
The  average  ammonia  recovery  based  upon  NaCN  content 
of  the  briquet  in  the  nine  runs  cited  was  91.2  per  cent. 
It  was  found  that  with  the  8-in.  retort  of  this  type,  giving 
90  to  100  per  cent  recovery,  approximately  3  hrs.  would  be 
required  to  complete  the  steaming  process.  Allowing  1  hr. 
for  charging  and  discharging,  the  daily  capacity  of  the  steam- 
ing retort  would  be  about  1140  lbs.,  which  was  approximately 
the  daOy  capacity  of  a  single  cyanizing  retort  of  the  Salt- 
ville  type. 

A  10-in.  retort  10  ft.  in  length  was  next  tried  out.  Two 
runs  were  made  with  this  retort.  In  one  run  99  per  cent 
and  in  the  other  100  per  cent  recovery  was  obtained.  The 
total  time  of  steaming  was  5  hrs.     This  retort  had  a  capacity 


/^^7 


7S 


I 

I 


S^ 


£S 


CmNC£/N  G/^S  COMFOJ/r/ON 
W/n  T/M£ 


'%  Cfl/?BON  Momx/oi:  ff<;fl/mr  r/M£ 

%  /v/r/?c?s£N  ffsff/Nsr  r/Afe 

%  cff/?BOA/  o/ox/OE  ffcm/vsr  t/mf 


\ 


/o 


— I — 


r~ 
JO 


-r^ — 


-^ 


r/ME  W  M/mTES 

Fig.  4 


so 


60 


of  5.45  cu.  ft.  and  would  hold  approximately  300  lbs.  of  bri- 
quets. Allowing  6  hrs.  for  each  steaming  operation,  the 
daily  capacity  of  this  retort  was  1200  lbs.  of  briquets.  This 
was  ample  to  care  for  the  output  from  one  cyanizing  retort. 

Large  steaming  retorts  looked  so  promising  that  two  16-in. 
retorts  were  next  constructed  and  put  into  use.  The  ca- 
pacity of  each  of  these  retorts  was  appro.ximately  11.6  cu. 
ft.:  they  could  hold  approximately  640  lbs.  of  briquets. 
A  steaming  cycle  could  be  made  with  a  16-in.  retort  in  about 
6  hrs.,  giving  it  a  daily  capacity  of  1920  lbs.,  nearly  enough 
to  take  care  of  the  output  from  two  cyanizing  retorts. 

The  first  eight  runs  with  the  16-in.  retorts  gave  low  re- 
coveries which  ranged  from  40  to  68  per  cent.  The  low 
yields  were  due  for  most  part  to  inexperience  in  operating 
the  16-in.  steamer,  which  behaved  decidedly  differently  from 
the  8-  and  10-in.  steamers,  the  main  difference  being  due  to 
the  low  thermal  conductivity  of  the  briquets  which  required 
a  much  longer  time  for  heat  transfer  throughout  the  mass. 

The  next  four  consecutive  runs  with  the  16-in.  steamer 
gave  results  as  follows : 


Temperature  Limits 
°  C. 

Per  cent  Recovery  Based  on  NaCN 
Content  of  Briquets 

285-440 
250-550 
320-700 
200-587 

83.9 
70.2 
93.7 

84.5 

At  this  point  work  with  batch  retorts  was  temporarily  held 
up  wliUe  attention  was  given  to  the  operation  of  steamers  of 
the  continuous  type. 

CoNTiNTJOus  Steamers 

Throughout  the  entire  period  of  this  investigation  experi- 
ments were  carried  on  with  continuous  steamers. 

Vertical  steamers  8  in.  in  diameter  were  used.  Certain 
difficulties  developed,  due  mainly  to  sticking  of  briquets 
caused  by  ferrocyanide  hydrate  formation  in  the  upper  part 
of  the  retort.  These  difficulties  had  not  been  entirely  over- 
come at  the  close  of  the  investigation. 

An  8-in.  horizontal  steamer,  10  ft.  in  length,  of  the  continu- 
ous type,  was  developed  by  Lieutenant  Lowe.  Briquets  were 
mechanically  carried  through  the  retort  by  means  of  a  screw 
conveyor.  This  steamer  was  put  into  operation  just  before 
the  close  of  this  work  and  but  a  single  continuous  run  was 
made.  Briquets  were  conveyed  directly,  while  hot,  from  a 
cyanizing  retort  into  this  steamer.  The  internal  tempera- 
tures ranged  from  about  300°  C.  at  the  feed  to  about  525°  C. 
at  the  discharge  end  of  the  retort.  The  temperature  external 
to  the  retort  was  650°  C.  No  mechanical  difficulties  whatever 
were  experienced  during  this  run  of  20  hrs.  The  rate  of  feed 
was  approximately  40  lbs.  of  briquets  per  hr.,  which  was  the 
rate  of  discharge  from  the  one  cyanizer  in  use  at  that  time. 

Based  upon  the  ammonia  equivalent  of  NaCN  and  NaCNO 
in  the  briquets  used,  the  ammonia  recovery  was  97.8  per  cent. 
The  signing  of  the  Armistice  terminated  the  work  at  this  point. 


Fellowships  in  Mining  Research 

The  Cooperative  Department  of  Mining  Kngineering  of  Car- 
negie Institute  of  Technology,  Pittsburgh.  I'a.,  has  announced 
the  offer  of  two  fellowships  in  mining  research  and  two  in  teach- 
ing and  research,  in  cooperation  with  the  Pittsburgh  Experiment 
Station  of  the  U.  S.  Bureau  of  Mines.  The  value  of  each  fel- 
lowship is  $7.50  per  year  of  ten  months,  beginning  July  1,  for  the 
position  of  research  fellow  and  August  1  for  teaching  fellow. 
Investigations  will  be  on  the  following  subjects:  acid  mine  wa- 
ters, shooting  coal,  spontaneous  combustion  and  coal  storage, 
geology,  by-products  coking,  utilization  of  coal,  and  coal  mining. 
All  the  time  of  the  research  fellow  is  to  lie  devoted  to  work  in 
the  E.\perimental  Station  of  the  Hurcau  of  Mines,  while  the 
position  of  teaching  fellow  includes  ten  hours  a  week  of  teaching 
work  in  mining  and  the  balance  of  work  in  the  K.\perimental 
Station. 
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Relative  Sweetness  of  Invert  Sugar ' 

By  J.  W.  Sale  and  W.  W.  Skinner^ 

Water  and  Beverage  Laboratory,  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture,  Washington.  D.  C. 


Although  it  is  commonly  believed  that  sugar  may  he  conserved 
by  inverting  it,  experiments  described  in  this  paper  show  that  if 
sucrose  is  assigned  a  sweetening  value  of  100,  the  sweetening  value 
of  invert  sugar  is  only  85.  Since  100  units  of  sucrose  by  inversion 
become  105  units  of  invert  sugar,  the  net  loss  in  sweetening  power 
by  the  inversion  of  100  units  of  sucrose  is  about  1 1  units.  For  some 
purposes,  such  as  in  the  manufacture  of  candy  and  certain  bottlers' 
sirups,  or  concentrates  from  which  bottlers'  sirups  are  prepared,  it 
may  be  advantageous  to  use  a  sirup  which  has  been  partly  inverted 
because  it  does  not  crystallize  so  easily  as  an  ordinary  sugar  sirup, 
thus  permitting  the  use  of  a  denser  and  therefore  a  better  l^eeping  sirup. 

Invert  sugar  sirup  in  which  the  sucrose,  or  ordinary  sugar,  has 
been  almost  completely  inverted  can  be  prepared  so  thai  it  is  practi- 
cally devoid  of  flavor,  provided  less  acid  is  employed  than  is  ordi- 
narily recommended  and  the  time  of  heating  is  reduced  to  a  minimum. 
The  amount  of  acid  recommended  in  the  preparation  of  a  practically 
flavorless  and  colorless  invert  sirup  is  0.013  per  cent  of  weight  of 
C.  P.  hydrochloric  acid  {37  per  cent)  based  on  the  weight  of  sugar  and 
water  taken.  Boiling  for  20  min.  with  this  amount  of  acid  will 
be  sufficient  to  invert  practically  all  of  the  sucrose.  0.021  per  cent 
by  weight  of  tartaric  acid  crystals  (99.5  per  cent)  caused  an  inver- 
sion of  96  per  cent  when  the  solution  was  boiled  40  min.  At  the  end 
of  20  min.,  only  67  per  cent  of  the  sucrose  (ordinary  sugar)  was  in- 


verted. These  data  were  obtained  on  sugar  solutions  made  by 
boiling  equal  weights  of  sugar  and  water.  The  sirup  obtained  in  this 
way  will  be  reduced  in  volume  and  have  a  density  of  about  30"  Be. 
When  less  water  is  used  to  dissolve  the  sugar,  the  temperature  at 
which  the  solution  boils  will  be  higher  and  the  color  and  flavor  will 
be  increased. 

Invert  sugar  sirups  inverted  with  hydrochloric  and  tartaric  acids, 
respectively,  were  practically  without  color  or  flavor,  but  gave  a  slightly 
unpleasant  harsh  sensation,  which,  however,  was  not  produced  by 
the  finished  beverage. 

Invert  sirup  prepared  with  invertase  and  concentrated  by  boiling 
under  reduced  pressure  was  practically  colorless,  possessed  only  a 
slight  candy  flavor,  and  was  remarkably  smooth  when  taken  in  the 
mouth.  This  sirup  was  therefore  superior  to  the  invert  sirups  pre- 
pared with  acid.  Since  invertase  is  now  obtainable  in  commercial 
quantities,  this  method  of  preparing  invert  sirup  is  recommended. 
Invert  sirup  having  a  density  of  42°  Be.,  prepared  with  invertase, 
will  contain  approximately  O.OOl  per  cent  of  added  protein  nitrogen. 

Invert  sirups  which  are  practically  without  flavor  or  color  make 
satisfactory  bottled  sodas.  However,  invert  sirups  prepared  ac- 
cording to  the  usual  formulas  and  possessing  a  decided  candy  flavor 
do  not  make  strictly  first-class  lemon  sodas,  orange  sodas,  or  other 
delicately  flavored  products. 


INFORMATION  to  the  effect  that  sugar  may  be  con- 
■  served  by  the  process  of  inversion  has  been  widely  dis- 
seminated in  trade  and  other  publications  during  the 
past  two  or  three  j^ears.  As  a  result,  the  Bureau  of  Chemis- 
try has  received  many  inquiries  for  specific  information  on  the 
subject.  It  is  commonly  stated  that  a  net  increase  in  sweet- 
ening power  of  30  per  cent  is  gained  by  the  conversion  of 
sucrose  into  invert  sugar.  For  this  reason  the  use  of  invert 
sugar  sirup  in  the  manufacture  of  bottled  sodas,  ice  cream,  etc., 
has  been  advocated,  and  there  is  no  doubt  that  large  quantities 
of  it  have  been  used  by  bottlers  in  the  belief  that  sugar  was 
thus  being  conserved.  The  question  of  the  sweetness  of  in- 
vert sugar  as  compared  mth  that  of  sucrose  or  ordinary  su- 
gar, therefore,  is  a  matter  of  some  commercial  importance 
and  of  much  scientific  interest. 

As  it  seemed  that  a  difference  of  30  per  cent  in  the  sweet- 
ening power  of  two  sugar  solutions  should  be  detected  with 
certainty  by  anyone  Mth  a  normal  sense  of  taste,  some  ex- 
periments were  undertaken  to  test  the  validity  of  the  claims 
for  the  sweetness  of  invert  sugar.  The  chemist  who  is  ac- 
customed to  proceed  along  exact  analytical  lines  usually  ac- 
cepts with  reluctance  conclusions  based  on  a  series  of  tests 
which  depend  upon  the  sense  of  taste,  unsupported  by  other 
confirmatory  data.  Nevertheless,  successful  experiments 
along  this  hne  have  been  recorded  by  chemists,  and  more 
particularly  by  psychologists  who  have  developed  standard 
psychophysical  procedures  for  the  determination  of  stimu- 
lus hmen,  diiference  Hmen,  etc.  For  example,  Richards,* 
who  worked  with  supraliminal  solutions,  determined  when  a 
given  quantity  of  acid  was  neutrahzed  by  alkali  so  success- 
fully that  the  average  amount  of  acid  found  in  six  tests  was 
99.9  per  cent  of  the  amount  actually  present.    The  greatest 
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variation  from  the  average  was  1  per  cent.  He  stated  that 
in  this  method  of  analysis  a  degree  of  accuracy  exceeding 
some  which  are  seriously  applied  as  quantitatively  useful  was 
reached.  Richards'  work  on  acids,  as  well  as  that  of  Corin,' 
of  Kahlenberg,^  of  Kastle,'  and  of  Crozier,'  was  made  the 
object  of  further  study  by  Gibson  and  Hartman,'  who  ap- 
plied the  stimulus  hmen  as  a  criterion  of  the  sapidity  of 
certain  acids,  and  used  a  standard  psychophysical  procedure. 
While  the  sense  of  taste  and  the  sense  of  smell  receive  Uttle 
consideration  in  the  average  analytical  chemical  laboratory, 
they  are  employed  by  manufacturers  of  foods,  flavors,  and 
perfumes  in  obtaining  fairly  accurate  comparative  data. 
The  taste  and  aroma  of  vanilla  and  of  lemon  extracts,  of  bot- 
tled ginger  ale,  of  coffee,  of  tea,  and  of  many  other  products, 
largely  determine  the  quality  and  the  price  at  which  they  are 
sold,  irrespective  of  any  quantitative  chemical  data  which  may 
be  obtained. 

In  some  previous  experiments'"  made  in  the  Water  and 
Beverage  Laboratory,  the  stimulus  Hmens  of  four  chemi- 
cally pure  sugars  were  obtained  and  the  relative  sweetness 
calculated,  with  the  following  results:  sucrose  =  100;  dex- 
trose  =  50;  levulose=150;  maltose  =  60.  Paul"  compared 
the  sweetness  of  several  sugars  with  that  of  sucrose.  His 
data,  recalculated  to  a  basis  of  sucrose  =100,  are  as  follows: 
dextrose  =  52;  levulose  =  103;  lactose =28. 

The  Inversion  of  Sucrose 

When  342.236  (  =  molecular  weight)  units  of  sucrose  or 
ordinary  sugar  are  inverted,  180.126  units  of  dextrose  and 

'  .Arch,  biol.,  8  (1888),  121. 

«  Univ.  Wisconsin,  Bull.  2  (1898),  2;   J.  Phys.  Chem..  i  (1900),  33. 

'  Am.  Chem.  J.,  20  (1898),  466. 

«  J.  Comp.  Neurol..  26  (1916),  453. 

»  Am.  J.  Psychol.,  30  (1919),  311. 
1"  Southern  Carbonator  and  Bottler,  June  1918. 
1"  Chem.-Ztg..  45  (1921),  705. 
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180.126  units  of  levulose  are  obtained  theoretically.  The 
mixture  of  dextrose  and  levulose  is  known  as  invert  sugar. 
Since  342.236  units  of  ordinary  sugar  produce  360.252  (molec- 
ular weight)  units  of  invert  sugar,  tliere  is  a  gain  in  actual 
weight  of  sugar  of  a  little  over  5  per  cent 
/'360.252 


\342.236 


=  1.0526 


If  sucrose  =100,  dextrose  =  50,  and  levulose  =150,  then  by 
calculation,  invert  sugar  =  100,  that  is,  a  unit  weight  of 
sucrose  and  a  unit  weight  of  invert  sugar  are  equally  sweet. 
Since  there  is  an  actual  gain  in  weight  of  sugar  in  the  process 
of  inversion  of  5  per  cent,  it  follows  that  there  might  be  a  small 
gain  in  sweetness.  If  Paul's  figures,  viz.,  sucrose  =  100,  dex- 
trose =52,  levulose  =103,  are  accepted,  then  by  calculation 
invert  sugar  =  78.  The  writers  have  been  unable  to  confirm 
Paul's  value  for  levulose.  However,  a  conclusion  as  to  the 
relative  sweetness  of  invert  sugar  and  sucrose  should  be  based 
on  direct  experimental  evidence,  rather  than  calculated  from 
the  relative  sweetness  of  dextrose  and  levulose,  since  the  char- 
acter of  a  sucrose  solution  changes  during  the  process  of  in- 
version. As  win  be  shown,  this  change  depends  to  some  ex- 
tent upon  the  method  of  inversion  employed.  The  most  ap- 
parent change  is  in  the  flavor  and  there  is  also  a  possibility 
of  a  partial  destruction  of  levulose. 

Preparation  of  Sirups 

Five  samples  of  ordinary  highly  refined  cane  sugar,  weigh- 
ing 1  kg.  each,  were  made  up  into  sirups  according  to  the 
methods  described  below.  AH  weights  of  sugar  and  sirup 
were  corrected  for  displacement  of  air.  The  sugar  used  was 
analyzed  by  the  method  of  double  polarization  at  20°  C. 
and  was  found  to  be  99.99  per  cent  pure.  After  being  ad- 
justed to  the  desired  concentrations,  the  sirups  were  analyzed 
with  a  saccharimeter  and  the  results  obtained  were  checked 
by  the  copper  method  described  in  "A.  0.  A.  C.  Methods  of 
Analysis." 

Sample  1  was  dissolved  in  1 1.  of  distilled  water;  5.5  cc.  of  0.5  N 
hydrochloric  acid  (0.013  per  cent  by  weight  of  C.  P.  hydrochloric 
acid  (37  per  cent) ,  based  on  weight  of  sugar  and  water  taken)  were 
added ;  and  the  sirup  was  boiled  in  a  glass  flask  for  20  min.  After 
cooling  to  room  temperature  (29°  C.)  the  sirup  was  diluted  with 
distilled  water  to  such  a  volume  that  1  cc.  contained  theoreti- 
cally 0.5  g.  of  invert  sugar.     This  sirup  was  designated  as  Sirup  1. 

Sample  2  was  dissolved  in  1  1.  of  water;  5.5  cc.  of  N  tartaric 
acid  (0.021  per  cent  by  weight  of  C.  P.  tartaric  acid  crystals  (99.5 
per  cent))  were  added;  and  the  solution  was  boiled  in  a  glass  flask 
for  40  min.  Previous  experience  had  shown  that  in  a  20-min. 
period  of  boiling,  with  this  amount  of  tartaric  acid,  only  about 
67  per  cent  of  the  sucrose  was  inverted,  but  in  a  40-min.  period  of 
boiling  the  inversion  is  over  95  per  cent  complete.  The  sirup 
which  had  been  boiled  40  min.  was  adjusted  to  the  same  theo- 
retical strength  as  Sirup  1  and  was  designated  as'Sirup  2. 

Sample  3  was  dissolved  in  1  1.  of  water,  and  adjusted  at  room 
temperature  to  such  a  volume  that  1  cc.  contained  theoretically 
0.5  g.  of  sucrose  (ordinary  sugar).  This  sirup  which  was  an  ordi- 
nary sugar  sirup  (not  inverted)  was  designated  as  Sirup  3. 

Samples  4  and  5'*  were  combined  and  dissolved  in  6  1.  of  dis- 
tilled water,  100  cc.  of  autolyzed  yeast  extract  were  added,  and 
the  sugar  solution  was  allowed  to  stand  at  room  temperature  for 
48  hrs.  At  the  end  of  this  time  the  inverted  sugar  solution  was 
heated  to  90°  C,  mixed  with  about  25  g.  of  Norit.  filtered,  and 
the  carbon  washed  free  of  sugar.  The  filtrate  was  divided  in  two 
equal  portions.  One  portion  was  concentrated  by  boiling  at 
atmospheric  pressure  and  after  cooling  was  adjusted  to  such  a 
volume  that  1  cc.  contained  theoretically  0.5  g.  of  invert  sugar. 
This  sirup  was  designated  as  Sirup  4.  The  other  portion  was 
concentrated  by  boiling  in  a  partial  vacuum  (pressure  of  1  to  2 
in.)  and  finally  adjusted  to  such  a  volume  that  1  cc.  contained 
theoretically  0.5  g.  of  invert  sugar.  The  sirup  was  designated 
as  Sirup  5. 


Composition  of  Sirups 

After  being  adjusted  to  such  volumes  that  1  cc.  at  29°  C. 
contained  by  calculation  0.5  g.  of  sugar,  the  sirups  were 
analyzed  with  a  saccharimeter  and  the  results  checked  by 
the  copper  method.  The  results  obtained  are  recorded  in 
Table  I. 

Tabi,s  I — Composition  of  Sirups  Used  for  Comparing  Swestness 


sugar  and  specific  gravity  of 


sirups  =  42.; 

2) 

. By  Saccharimeter . 

■  .  -.    ^^^.Tint^ 

UY    V^OPPK 

Sirup 
No. 

Sucrose' 
Per  cent 

Invert 

Sugar 

Per  cent 

Total 

Sugar 

Per  cent 

Sucrosei 
Percent 

Invert 

Sugar 

Per  cent 

Total 

Sugar 

Per  cent 

1 
2 
3 
4 
S 

0.9 
1.6 
42.1 
0.8 
0.1 

42.6 
40.5 
0.0 
41.6 
42.9 

43.5 
42.2 
42.1 
42.4 
43.0 

0.5 
2.3 
41.1 
0.1 
0,0 

40.9 
39.5 
0.5 
41.4 
41.3 

41.4 
41.9 
41.6 
41.5 
41.3 

1 

Ordinary  sugar. 

"  Mr.  C.  F.  Walton,  of  the  Carbohydrate  Laboratory,  prepared  Sirups 
4  and  5,  and  also  confirmed  certain  of  the  analytical  data  reported. 


In  calculating  the  percentage  of  invert  sugar  from  the  read- 
ings on  the  saccharimeter,  which  were  made  at  29°  C,  the 
value  for  the  specific  rotation  of  levulose  found  by  Vosburgh'^ 
for  a  concentration  of  5.0  g.  per  100  cc.  at  29°  C.  was  used. 
It  is  of  interest  to  note  that  the  results  obtained  by  the  sac- 
charimeter are  consistently  higher  than  those  obtained  by 
the  copper  method.  Sirups  1,  4,  and  5  were  satisfactorily 
inverted.  Sirup  2  was  inverted  only  to  the  extent  of  96 
per  cent,  based  on  the  total  sugar  found  by  the  saccharimeter. 
This  lack  of  complete  inversion,  however,  did  not  introduce 
any  serious  error  in  the  tasting  experiments. 

Tasting  Experiments 

The  taste  sensation  is  influenced  by  many  factors"  among 
which  are  (1)  strength  of  solutions  employed,  (2)  amount  of 
solutions  apphed,  (3)  extent  of  surface  excited,  (4)  duration 
of  the  application,  (5)  temperature  of  the  solutions,  (6)  state 
of  rest  or  movement  of  the  tongue,  (7)  nature  of  preceding 
stimuH,  (8)  adaptation,  (9)  fatigue,  (10)  touch,  (11)  smell, 
(12)  sight.  While  these  and  other  factors  have  been  kept 
in  mind,  a  strict  psychophysical  procedure,  by  controUing 
the  touch,  temperature,  and  movement  factors,  and  by  ap- 
plying minute  amounts  of  the  various  solutions  to  .single 
papilla  by  eliminating  smell  by  closing  the  nostrils,  etc., 
and  thus  determining  stimulus  limen,  was  not  followed. 
Instead  Richards'  procedure,  using  supraliminal  solutions 
of  a  concentration  previously  determined  to  be  of  special 
significance,  was  chosen  for  comparison.  Richards'  conclu- 
sions as  to  the  sapidity  of  certain  acids  were  confirmed  by 
Gibson  and  Hartman^  who  used  the  standard  but  more 
laborious  technic  of  the  psychologist.  Moreover,  in  ex- 
pressing and  interpreting  results  in  the  subsequent  portion  of 
this  paper,  the  use  of  technical  or  psychophysical  terms 
has  been  avoided  with  a  view  to  making  the  experiments  more 
intelligible  to  the  food  manufacturer,  especially  the  bottler. 

The  five  sirups,  therefore,  were  prepared  and  adjusted  to 
such  volumes  that  each  cubic  centimeter  contained  theo- 
retically 0.5  g.  of  sugar.  The  analysis  of  these  sirups  by 
two  methods  showed  that  they  were,  in  fact,  of  the  theoretical 
strength  within  reasonable  limits.  The  final  volumes  of 
the  sirups  were  in  the  ratio  of  100  volumes  for  the  sucrose 
sirup  and  105  volumes  for  the  invert  sirujjs,  equal  amounts 
of  sucrose  having  been  used  in  their  preparation.  The 
sourness  of  Sirups  3,  4,  and  5  was  made  equal  to  that  of  Sirups 
1  and  2  by  the  addition  of  an  equivalent  amount  of  acid. 

Solutions  of  the  sirups  varying  from  2  to  3  per  cent  in 
strength  were  made  with  distilled  water.  The.se  strengths 
proved  on  preliminary  testing  to  bo  most  satisfactory  for  the 
final  comparisons,  since  the  difference  in  limen  of  solutions 

"  "Specific  Rotation  of  Levulose,"  J.  Am.  Chem.  Soc,  4,i  (1920).  1696. 
"  HoUingworth  and  PolFcnbergcr.  "The  Sense  of  Taste."  44. 
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of  these  concentrations  was  found  consistently  to  be  5  per  cent, 
whereas  higher  or  lower  concentrations  were  less  satisfactory. 
Portions  of  the  dUuted  solutions  were  emptied  into  beakers 
and  the  beakers  shuffled.  A  spoon  with  a  capacity  of  3.5  cc. 
was  used  to  convey  the  solutions  to  the  mouth.  Sipping  from 
the  beaker,  drawing  a  measured  quantity  of  solution  into 
the  mouth  from  a  bent  glass  tube,  and  other  methods  were 
tried,  but  were  discarded  in  favor  of  the  spoon.  Before 
each  sweet  solution  was  tasted,  the  mouth  was  rinsed  out 
with  a  spoonful  of  distiUed  water.  After  tasting,  the  solu- 
tions were  arranged  in  the  order  of  their  relative  sweetness. 
Due  regard  was  paid  to, the  factor  of  fatigue  and  to  the  na- 
ture of  preceding  stimuli^by  the  duration  of  the  tests  and  by 
allowing  several  hours  to  elapse  after  a  meal  before  begin- 
ning the  tests.  While  not  all  the  factors  enumerated  were 
reduced  to  a  minimum,  they  were  kept  very  constant.  The 
individual  sensitiveness  to  taste  sensation  probably  does  not 
vary  greatly  with  the  individual.  Yet  as  the  tests  proceeded 
a  variation  in  ability  to  make  nice  discriminations  in  taste 
sensation  was  noticed.  This  variation  was  probably  due 
to  quality  of  perception  rather  than  to  quality  of  taste  sense, 
since  a  noticeable  improvement  was  made  by  the  observers 
in  their  ability  to  make  correct  decisions  when  several  su- 
crose solutions  of  sUghtly  different  strengths  were  compared. 
The  results  obtained  are  recorded  in  Table  II. 


Table  II — Results  of  Tasting  : 

Experiments 

Kind  of 
Solution  > 

Sugar  in 

100  Cc.  of 

Solution^ 

Grams 

Relative 
Strength 

of 
Solutions 

Order  of  Relative  Sweet- 
ness by  Tasting' 
Observers     Predominat- 
12  3  4        ing  Opinion 

Trial  A 

Sucrose  3 
Sucrose  3 
Sucrose  3 

2.0 
2.2 
2.5 

100 
110 
125 
Trial  B 

a  a  a  a 
b  b  c  b 
c  c  b  c 

a 
b 
c 

Sucrose  3 
Sucrose  3 
Sucrose  3 

2.0 
2,1 
2.3 

100 
105 
115 
Trial  C 

a  a  a  a 
b  bb  b 
c  c  c  c 

a 
b 
c 

Invert  1 
Invert  2 

2.0 
2.S 

100 
125 
Trial  D 

a  a  a  a 
bbbb 

a 
b 

Invert  1 
Invert  2 

2.0 
2.2 

100 
110 

Trial  E 

baa 
abb 

a 
b 

Invert  1 
Invert  2 
Sucrose  3 
Invert  4 
Invert  5 

2.0 
2.0 
2.0 
2.0 
2.0 

100 
100 
100 
100 
100 
Trial  F 

a  a  a  a 
a  a  a  a 
bbbb 
a  a  a  a 
a  a  a  a 

a 
a 
b 
a 
a 

Invert  1 
Invert  2 
Sucrose  3 

2.0 
2.0 
2.0 

100 

100 

100 

Trial  G 

a  a  a  a 
a  a  a  a 
bbbb 

a 
a 

b 

Invert  1 
Invert  2 
Sucrose  3 

2.1 
2.1 
2.0 

105 
105 
100 
Trial  H 

a  a  a  a 
a  a  a  a 
bbba 

a 
a 
b 

Invert  2 
Sucrose  3 
Invert  4 

2.2 
2.0 
2.2 

110 
100 
110 
Trial  I 

b  a  a  a 
bbbb 
a  b  a  b 

a 
b 
a.b 

Invert  1 
Invert  2 
Sucrose  3 

3.0 
2.S 
2.0 

150 
125 
100 

c  c  c 
bb  a 
a  a  b 

c 
h 
a 

J  Invert  1,  hydrochloric  acid  used  for  inversion. 
Invert  2.  tartaric  acid  used  for  inversion. 
Sucrose  3,  plain  sucrose  solution. 

Invert  4,  invertase  used  for  inversion,  concentrated  at  atmospheric 
pressure. 

Invert  5,  invertase  used  for  inversion,  concentrated  in  vacuum. 
'  Error  is  negligible  if  figures  in  this  column  are  termed  per  cent  by 
weight  of  sugar, 

•  fl  =least  sweet;    6  =  sweeter  than  a;    c  =  sweeter  than  &. 

INTEEPRET.4.TI0N  OF  RESULTS 

When  two  solutions  of  different  sugars  but  of  the  same 
percentage  strengths  are  tasted  and  designated  a  and  b  ac- 
cording to  their  relative  sweetness,  o  being  less  sweet  than 
b,  quantitative  data  can  be  obtained  by  diluting  the  sweeter 
solution  until  no  difference  can  be  detected  in  the  sweetness 
of  the  two  solutions.     The  probable  error  can  be  obtained 


from  the  different  percentages  of  a  given  sugar  in  two  solu- 
tions classed  as  being  equally  sweet. 

Trials  A  and  B  in  Table  II  show  that  it  is  possible  to  dis- 
tinguish, by  tasting,  a  2  per  cent  sucrose  solution  from  a  2.1 
per  cent  solution,  the  relative  strengths  of  the  two  solutions 
being  100  and  105,  respectively.  This  and  larger  differences 
can  be  detected  consistently.  Trials  C  and  D  show  that  a 
2  per  cent  invert  sugar  solution  can  be  distinguished  from  a 
2,2  per  cent  invert  sugar  solution,  and  that  larger  differences 
can  be  distinguished  consistently.  Invert  sugar  prepared  in 
different  ways  was  used  for  these  comparisons,  but  later 
tests  showed  that  the  methods  of  preparing  the  two  sirups 
did  not  affect  their  sweetness.  Trials  E  and  F  show  conclu- 
sively that  the  four  invert  sugar  solutions  each  containing 
2  per  cent  of  invert  sugar  were  equally  sweet,  although  they 
were  prepared  in  different  ways.  Furthermore,  a  2  per  cent 
sucrose  solution  is  shown  to  be  sweeter  than  any  of  the  2 
per  cent  invert  sugar  solutions.  Inspection  of  the  data  in 
Trials  G,  H,  and  I  indicates  how  much  sweeter  sucrose  is 
than  invert  sugar  at  a  concentration  of  about  2  per  cent. 
Trial  G  shows  that  a  2  per  cent  sucrose  solution  is  sweeter 
than  a  2.1  per  cent  invert  sugar  solution.  Trial  H  that  it  is 
even  sweeter  than  a  2.2  per  cent  invert  sugar  solution,  and 
Trial  I  that  it  is  less  sweet  than  a  2.5  per  cent  invert  sugar 
solution.  Evidently,  then,  a  2  per  cent  sucrose  solution  is 
about  as  sweet  as  a  2.35  per  cent  invert  sugar  solution  pre- 
pared according  to  one  of  the  methods  which  were  used.  If 
sucrose  is  assigned  a  value  of  100,  invert  sugar  equals  85, 
or,  expressed  in  another  way,  117  units  of  invert  sugar  would 
have  the  same  sweetening  power  as  100  units  of  sucrose. 

Influence  of  Flavor 

Sirups  1  and  2  were  prepared  in  such  a  way  that  they  were 
practically  devoid  of  the  flavor  which  is  ordinarily  regarded 
as  a  characteristic  of  invert  sirups.  They  gave,  however, 
a  slightly  harsh  or  rough  sensation,  which  is  undesirable. 
This  harsh  sensation  was  not  eliminated  by  neutralizing  the 
residual  acidity  of  the  sirup  with  aLkaH.  Sirup  4,  prepared 
with  invertase  and  reduced  in  volume  by  boiling  at  atmos- 
pheric pressure,  possessed  a  very  marked  flavor  suggesting 
candy.  Sirup  5,  prepared  with  invertase  and  reduced  in 
volume  by  boiling  in  a  partial  vacuum,  possessed  a  slight 
though  distinct  candy  flavor.  Sirups  4  and  5  did  not  pro- 
duce the  shghtly  harsh  sensation  which  was  given  by  the 
sirups  inverted  with  acid.  In  fact,  they  were  remarkably 
smooth,  agreeable,  and  honey-Uke.  Of  the  four  invert 
sirups.  Sample  5  was  the  most  pleasing  to  the  senses. 

The  appearance,  flavor,  and  taste  of  the  finished  sirups  are 
summarized  in  Table  III. 


Table  III — Appearancb,  Flavor,  and 

Taste  op  Fini 

SHED  Sirups 

Sirup 
No. 

Method  op  Prep- 
aration 

AppSarancb 

Flavor 

Taste  and 

Touch 

1 

Inverted  with  hy- 
drochloric  acid 

Colorless 

Practically 
none 

Slightly  harsh, 
sweet 

2 

Inverted  with 
tartaric  acid 

Slight  yellow 
tinge 

Practically 
none 

SUghtly  harsh, 
sweet 

3 

Not  inverted 

Colorless 

None 

Neutral,  sweet 

4 

Inverted  with  in- 
vertase concen- 
trated   by   boil- 
ing   at    atmos- 
pheric  pressure 

Deep  yellow 

Marked 
candy  fla- 
vor 

Smooth,  sweet 

S 

Inverted  with  in- 
vertase concen- 
trated by  boil- 
ing   under    re- 
duced  pressure 

Slight  yeUow 
tinge 

Slight  candy 
flavor 

Smooth,  sweet 

Quality  of  Bottled  Sodas  Made  with  Invert  Sirup 

Bottled  sodas  were  prepared  with  all  five  sirups.  Root 
beer,  ginger  ale,  and  lemon  flavors  were  selected  as  typical 
of  the  various  types  and  also  because  both  ginger  and  lemon 
are  especially  well  adapted  to  such  comparisons,  having  such 
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delicate  flavors,  or  aromas,  that  the  shghtest  off-flavor  in  any 
of  the  ingredients  becomes  quickly  noticeable  in  the  finished 
beverage.  All  the  sirups  except  Sirup  4  made  equally  satis- 
factory beverages.  The  slightly  harsh  sensation  which  had 
been  given  by  Sirups  1  and  2  (inverted  with  acid)  was  not 
produced  by  the  finished  beverage.  Lemon  and  ginger  ale 
sodas  made  with  Sirup  4  had  a  distinct  off -flavor  which  ren- 


dered them  inferior  in  quality  to  the  other  bottled  sodas. 
The  root  beer  made  with  Sirup  4  was  much  less  affected, 
though  it  was  considered  somewhat  inferior  to  the  root 
beer  made  with  ordinary  sugar  sirup  and  with  the  other  invert 
sirups.  Bottled  sodas  made  with  invert  sirup  were  stored 
at  room  temperature  over  a  period  of  two  months  of  very 
warm  weather.     Their  keeping  quality  was  satisfactory. 


A  Study  of  Methods  of  Minimizing  Shrinkage  in  Shell  Eggs 

during  Storage" 

By  L.  H.  Ahny,^  H.  I.  Macomber  and  J.  S.  Hepburn 
Food  Rqsbarch  Laboratory,  Burbau  of  Chbmistry,  U.  S.  Dspartment  of  Agriculture,  Washington,  D.  C. 


The  present  study  is  preliminary  to  a  general  inoestigation  of  the 
cause  and  prevention  of  the  development  of  cold  storage  odor  and  taste 
in  eggs.  It  deals  solely  with  the  relative  efficiencies  of  various  seal- 
ing agents  for  preventing  the  escape  of  substances,  mainly  water 
vapor,  from  within  the  shell. 

Observations  have  been  made  of  loss  in  weight  of  treated  and  un- 
treated eggs  k.'^pt  at  room  or  higher  temperature  for  varying  periods 
of  time. 

Treatment  with  heated  air  for  5  min.  fails  to  reduce  shrink.age 
during  storage.  Immersion  for  short  periods  in  heated  or  unhealed 
aqueous  solutions  of  mineral  or  organic  acids,  mineral  salts,  or 
soap  fails  to  chec\  shrinl^age  appreciably. 

Tests  with  drying,  semidrying,  and  nondrying  vegetable  oils, 
nondrying  animal  oils,  and  mineral  oils  do  not  justify  the  conclusion 
that  sealing  properties  can  be  definitely  correlated  with  drying 
properties.  Cottonseed  oil  apparently  maizes  a  very  good  sealing 
agent.  The  sealing  value  of  mineral  oi  s  bears  a  definite  relation  to 
grade,  as  defined  by  gravity,  flash  point,  and  viscosity  tests.  Given 
equal  sealing  value,  mineral  oils  should  prove  better  than  vegetable 
oils  because  they  are  less  lik.ely  to  impart  odor  and  are  less  subject 
to  change  during  storage. 

The  addition  of  I  or  2  per  cent  of  soap  to  a  mineral  oil  mark.edly 
increases  its  sealing  value.  Nothing  is  to  be  gained  by  the  addition 
of  gums,  waxes,  or  rosin  to  relatively  heavy  mineral  oils. 

THE  most  noticeable  of  the  changes  which  take  place  in 
eggs  during  cold  storage  are  a  loss  in  weight,  the  devel- 
opment of  a  characteristic  odor  and  taste,  a  weakening 
of  the  membrane  surrounding  the  yolk,  and  a  change  in  the 
consistency  of  the  white.  Evaporation  of  water,  which  is  an 
invariable  accompaniment  of  the  cold  storage  condition, 
accounts  for  practically  all  of  the  shrinkage  observed.  The 
second  change  may  be  due  to  absorption  of  odors  and  flavors 
from  without,  or  to  the  production  of  odorous  substances 
within  the  shell  membrane,  or  to  both.  The  influence  of 
foreign  substances  is  facilitated  by  the  natural  porosity  of  the 
shell  and  the  affinity  of  the  yolk  for  odors  and  flavors.  Many 
in  the  trade  believe  that  the  so-called  "cold  storage  taste" 
in  eggs  is  due  mainly  to  the  absorption  of  odors  from  the  egg 
cases,  excelsior,  and  strawboard  fiUers  and  flats  used  in  pack- 
ing the  eggs  for  storage.  A  small  amount  of  experimental 
evidence*  supports  such  an  assumption,  but  adequate  scien- 
tific data  covering  this  point  have  not  yet  been  presented. 
Enzjone  action,  which  proceeds  very  slowly  at  the  low  tem- 
perature of  storage,  causes  the  weakening  of  the  membrane 

'  Received  February  13,  1922. 

'  Published  by  permission  of  the  Secretary  of  Agriculture. 
*  Food  Research  Chemist,  Bureau  of  Chemistry. 

'  "Commercial  Preservation  of  Eggs  by  Cold  Storage,"   U.  S.  Dept. 
Apr..  Bull.  7T»  (1919),  33. 


surrounding  the  yolk  and  the  change  in  the  consistency  of  the 
white. 

In  connection  with  a  study  of  methods  of  preserving  eggs 
by  sealing  the  pores  of  the  shell,  Jones  and  DuBois*  made 
a  thorough  search  through  the  literature  bearing  on  the  general 
subject  of  egg  preservation  and  report  an  extensive  bibli- 
ography. As  a  result  of  their  experiments  they  conclude  that 
aluminium  soap  applied  in  a  gasoUne  (or  preferably  a  pentane) 
solution  is  an  ideal  substance  for  closing  the  pores  of  the  shell. 
The  method  outlined  is  not  a  simple  one,  however. 

Several  patented  processes  of  treating  eggs  which  have 
been  developed  within  the  last  few  years  are  being  used  com- 
mercially with  apparent  success.  In  general,  the  processes 
consist  in  dipping  the  eggs  into  a  hot  bath  of  an  oil  or  oil  mix- 
ture for  a  few  seconds  and  then  usually  into  a  similar  cool 
bath.  After  draining,  the  eggs  are  packed  in  cases  provided 
with  well-made  fillers  and  placed  in  storage.  The  treatment 
retards  shrinkage  during  storage  and  as  a  rule  the  eggs  bring 
a  higher  price  than  unprocessed  storage  eggs.  It  is  claimed 
that  treated  eggs  keep  well,  even  at  ordinary  temperatures. 
Such  an  enhanced  keeping  quality  is,  of  course,  most  desira- 
ble, especially  in  export  shipments,  as  many  ships  have  inade- 
quate refrigeration  facilities. 

Scope  of  Investigation 

The  present  study  was  conducted  as  a  preliminary  to  a 
general  investigation  of  the  causes  and  prevention  of  the 
development  of  the  cold  storage  odor  and  taste  in  storage 
eggs.  Rendering  the  shell  membrane  impervious  to  gases 
and  vapors  would  provide  a  means  for  determining  the  ex- 
tent to  which  the  packing  materials  contribute  to  the  charac- 
teristic taste.  A  membrane  might  be  impermeable  to  water 
vapor,  yet  permit  the  passage  of  odorous  volatile  substances. 
This  paper  deals  solely  with  the  attempt  to  determine  the 
relative  efficiencies  of  various  sealing  agents  for  preventing 
the  escape  of  substances,  mainly  water  vapor,  from  within 
the  shell.  The  treatments  which  are  here  found  to  be  dis- 
tinctly superior  may  be  applied  in  the  study  of  the  related 
problem  of  preventing  the  entrance  of  foreign  odors. 

Separate  lots  of  eggs  were  subjected  to  the  action  of  heated 
air  and  to  immersion  in  aqueous  solutions,  in  oils,  and  in  oily 
mixtures.  Observations  were  made  of  the  losses  in  weight  of 
these  eggs  and  of  untreated  eggs  held  at  room  and  higher 
temperatures  for  periods  up  to  35  days. 

Heat  Treatments 

The  air  treatments  (Table  I)  showed  that  heating  of  the 
surface  for  5  sec.  failed  to  reduce  the  shrinkage  during  stor- 

•  This  Journai,.  11  (1920),  751. 
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Table  I — Effect  of  Hot  Air  Treatment  of  Eggs 

After  Storage  for  35  Days  at  Room 


Eggs 
Treated  with  air  at  320°  C.  for  5  sec. 
Treated  with  air  at  610°  C.  for  5  sec. 
Untreated 

Loss  in 
Weight 
Per  cent 

8.4 
7.8 
8.0 

Comparative    Loss    in 
Treated  and  Un- 
treated Eggs 
(Untreated  =  100) 
105.0 
97.5 
100.0 

age.  In  the  remaining  experiments  eggs  were  treated  by 
immersion  for  different  periods  of  time  in  fiuid  media,  either 
heated  or  unheated.  The  results  of  the  heat  treatments, 
though  scant,  suggest  that  the  value  in  the  use  of  elevated 
temperatures  in  the  fluid  immer.sion  tests  will  lie  in  the  ac- 
tion of  the  heat  in  facUitating  penetration  of  the  fluid  into 
the  pores  of  the  shell  rather  than  in  any  tendency  to  seal  the 
pores  by  a  hardening  of  the  shell  membranes  or  coagulation 
of  the  proteins. 

Aqueous  Solutions 

Immersion  of  eggs  for  short  intervals  in  heated  and  un- 
heated aqueous  solutions  of  mineral  and  organic  acids,  min- 
eral salts,  and  soap,  as  shown  in  Table  II,  failed  to  check 
shrinkage  appreciably.  The  sulfuric  acid  treatment  was  by 
far  the  most  effective,  for,  whereas  the  loss  in  the  eggs  treated 
■with  5  per  cent  sulfuric  acid  solution  was  26.4  per  cent  of 
that  in  the  case  of  untreated  eggs,  the  losses  in  those  treated 
with  the  other  solutions  ranged  from  66.4  to  106.4  per  cent. 
Dilute  solutions  of  sulfuric,  orthophosphoric,  and  oxalic 
acids  react  with  calcium  carbonate  to  form  difficultly  soluble 
salts  of  calcium.  The  new  salt  forms  a  coating  over  the 
entire  exposed  surface  of  the  carbonate,  thus  tending  to  stop 
the  reaction.  Apparently  some  such  chemical  action  oc- 
curred in  this  experiment,  as  the  acids  mentioned  produced 
a  measurable  effect  upon  the  shrinkage  of  eggs  thus  treated. 
It  is  possible  that  the  size  and,  to  a  smaller  extent,  the  number 
of  the  pores  were  somewhat  reduced  by  these  precipitates. 
The  shght  beneficial  effect  of  the  aqueous  solutions  of  the 
different  salts  employed  in  tliis  test  was  due  to  mechanical 
plugging  of  the  pores.  The  soap  mixture*  was  practically 
without  effect  upon  shrinkage.  A  similar  experiment  in 
which  cottonseed  oil  was  used  as  the  immersion  fluid  demon- 
strated that  this  oil  is  markedly  superior  to  the  aqueous 
solutions.  The  loss  in  eggs  treated  with  the  oU  was  but  4.5 
per  cent  of  that  observed  in  the  case  of  the  untreated  eggs. 

Oils 

The  value  of  anoU  as  a  seahng  agent  may  be  expected  to 
depend  upon  its  viscosity,  drying  properties,  odor,  tendency 
to  become  rancid,  etc.  Eggs  were  treated  with  different 
oils  representing  drying,  semidrying,  and  nondrying  vege- 
table oils,  nondrying  animal  oils,  and  mineral  oils.  The 
data  reported  in  Table  III  do  not  warrant  the  conclusion 

*  The  soap  used  in  this  test  and  throughout  the  investigation  was  a 
variety  of  ordinary,  moderate  priced  toilet  soap,  white,  unscented,  and  lighter 
than  water. 


that  the  seahng  properties  are  definitely  correlated  with  the 
drying  properties,  although  cottonseed  and  Unseed  oils, 
semidrying  and  drying,  respectively,  were  more  effective 
that  the  nondrying  oUs,  neat's-foot  and  peanut.  Cotton- 
seed oU  apparently  makes  a  very  good  seahng  agent,  judging 
by  the  satisfactory  results  obtained  with  it  in  this  experiment 
and  in  several  others  of  a  similar  nature. 

Table  III — Effect  op  Immersion  of  Eggs  in  Different  Kinds  op  Oils 

Comparative    Loss    in 
Loss  in  Treated  and  Un- 

Method  of        Weight  treated  Eggs 

Immersion  Fluid  Treatment^     Per  cent  (Untreated  =  100) 

At  End  of  5  Wks.'  Storage  at  Room  Temperature 

Cottonseed  oil I  0.5  6.3 

Linseed  oil I  0.6  7.5 

Neafs-foot  oil I  0.8  10.0 

Peanut  oil I  1.0  12.5 

Untreated ..  8.0  100.0 

At  End  of  12  Days'  Storage  at  40"  C. 

Mineral  oil  A II  0.6  7.4 

Mineral  oil  B II  0.7  8.6 

Mineral  oil  C II  2.9  33. S 

Mineral  oil  D     II  3.6  44.4 

Untreated ..  S.l  100.0 

I  In  Method  I  the  eggs  were  immersed  for  5  sec.  in  the  fluid  at  153°  C.> 
cooled  for  a  few  seconds  in  a  bath  of  the  same  fluid  (33°  C,  average),  wiped 
gently  with  sterile  gauze,  and  placed  in  a  metal  container.  In  Method  II 
the  eggs  were  immersed  for  7  sec.  in  the  fluid  at  115°  C,  then  cooled  for  a 
few  seconds  in  a  bath  of  the  same  fluid  (24°  to  30°  C),  allowed  to  drain  with- 
out wiping,  and  placed  in  strawboard  cartons. 

MINERAL  OILS — The  mineral  oils  employed  in  this  experi- 
ment varied  widely  in  efficiency.  Mineral  oil  A  had  a  spe- 
cific gravity  of  0.869,  a  flash  point  of  365°  F.,  and  a  viscosity 
at  100°  F.  of  134  (Saybolt  units).  IMineral  oil  D  had  a 
specific  gravity  of  0.851,  a  flash  point  of  255°  F.,  and  a  ^ds- 
cosity  at  100°  F.  of  44  (Saybolt  units).  The  other  two 
mineral  oils  were  intermechate  in  composition  between  A  and 
D.  The  heavier  oil  (A)  gave  the  best  results.  Equally 
good,  and  perhaps  better,  results  might  be  obtained  with 
shghtly  heavier  oUs.  It  is  thus  seen  that  the  sealing  value 
of  these  oils  bears  a  definite  relation  to  the  grade  as  defined 
by  the  gravity,  flash,  and  viscosity  tests.  ^ 

From  the  experiments  thus  far  recorded  it  is  apparent  that 
a  mineral  oil  of  the  type  represented  by  mineral  oil  A  can  be 
used  to  advantage  in  seahng  the  pores  of  the  shell  of  the  egg. 
The  vegetable  and  animal  oUs  vary  in  their  individual  effi- 
ciency, but  it  seems  possible  to  find  an  oil  of  this  nature,  such 
as  cottonseed  oO,  which  wiU  give  results  comparable  with 
those  obtained  with  the  better  mineral  oils.  If  these  oUs 
imparted  an  odor  to  the  surface  of  the  eggs,  as  some  of  them 
might,  their  use  would  be  objectionable.  Furthermore,  they 
are  more  subject  to  change  during  storage  than  the  mineral 
oUs.  In  general,  therefore,  of  the  different  kinds  of  oUs  of 
equal  sealing  value  the  mineral  oUs  would  prove  the  most 
satisfactory. 

Attempts  were  made  to  increase  the  efficiency  of  the  mineral 
oUs  by  the  addition  of  substances  with  which  they  are 
miscible.  By  adding  about  1  or  2  per  cent  of  soap  to  the 
four  mineral  oUs  listed  in  Table  III  it  was  found  possible  to^ 
increase  their  sealing  properties  markedly.  The  addition 
of  1  g.  of  soap  to  100  cc.  of  mineral  oUs  A,  B,  and  D  lowered 
the  loss  in  treated  eggs  from  7.4,  8.6,  and  44.4  per  cent  of 


Table  II — Effect  op  Immersion  of  Eggs  in  Aqueous  Solutions 


of  Fluid 

Immersion  Fluid  °  C. 

Sulfuric  acid,  5  per  cent 25 

Orthophosphoric  acid,  3.5  per  cent 25 

Trisodium  phosphate,  satd.  soln 100 

Oxalic  acid,  6.5  per  cent 25 

Orthophosphoric  acid,  3.5  per  cent SO 

Calcium  acid  phosphate,  satd.  soJn 97 

Sodium  aluminate,  satd.  soln 100 

Acetic  acid,  6.0  per  cent 25 

Acetic  acid ,  6.0  per  cent 40 

Soap,  6.0  per  cent 98 

Dipotassium  phosphate,  satd.  soln 100 

Untreated ... 


Loss  in 

Weight  dur- 

Comparative  Loss  in 

Duration  of 

ing  Storage  for  18 

Treated  and  Un- 

Immersion 

Days 

at  40°  C. 

treated  Eggs 

Sec. 

Method  op  Cooling  Eggs 

Grams 

Per  cent 

(Untreated  =  100). 

300 

In  air 

1.64 

2.9 

26.4 

300 

In  air 

4.16 

7.3 

66.4 

10 

In  immersion  fluid  at  30°  C. 

4.11 

7.3 

66.4 

300 

In  air 

4.49 

8.4 

76.4. 

60 

In  air 

5.00 

9.5 

86.4 

10 

In  immersion  fluid  at  30°  C. 

6.67 

9.5 

86.4 

10 

In  immersion  fiuid  at  30°  C. 

5.86 

9.6 

87.3 

300 

In  air 

5.74 

9.9 

90.0 

60 

In  air 

5.01 

10.1 

91.8 

10 

In  air 

6.56 

10.7 

97.3 

10 

In  immersion  fluid  at  30°  C. 

6.49 

11.7 

106.4 

, , 

6.04 

U.O 

100. (>■ 
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that  observed  in  untreated  eggs  to  6.2,  3.7,  and  14.8  per  cent, 
respectively.  Two  grams  of  soap  added  to  100  cc.  of  min- 
eral oil  C  lowereil  the  loss  from  35.8  to  6.2  per  cent.  It  is 
thus  evident  that  soap  will  effectively  close  the  pores  if  it 
is  applied  in  a  suitable  medium.  Attempts  to  raise  the 
value  of  mineral  oil  A  by  additions  of  gums,  waxes,  and  rosin 
were  not  successful.  The  results,  as  shown  in  Table  IV,  indi- 
cate that  nothing  is  to  be  gained  by  such  modifications  when 
applied  to  relatively  heavy  mineral  oils  similar  to  that  used 
in  the  test. 

The  temperatures  of  storage  used  in  this  investigation  are 
much  higher  than  those  employed  for  the  cold  storage  of 
eggs,  the  object  being  to  produce  a  maximum  effect  in  a  com- 
paratively short  period  of  time.  The  methods  which  were 
here  found  to  be  useful  in  retarding  shrinkage  can  be  appUed 


to  the  study  of  the  origin  of  the  characteristic  odor  and  flavor 
which  develop  in  eggs  during  cold  storage. 

Table  IV — Effect  of  Various  Goms,  Waxes,  and  Rosin  on  thb  Effi- 
ciency OF  A  Heavy  Minerai,  Oil  in  Preventing  Shrinkage  in  Eggs 
Loss  in  Weight  dur-     Comparative    Loss    ia 
ing  Storage  for  12  Days       Treated  and  Un- 
at  40°  C.  treated  EgKS 

Immersion  FluidI  Grams  Percent  (Untreated  =  100) 

Mineral  oil  A 0.20  0.4  4.0 

100  cc.  mineral  oil  A  plus: 

1  g.  gum  guaiac 0.19  0.4  4  0 

2  g.  gum  mastic 0.20  0.4  4.0 

4  g.  spermaceti 0.24  0.4  4.0 

4  g.  beeswax 0.26  0.4  4.0 

4  g.  spermaceti  -|-  1    g. 

gum  damar 0.26  0.5  5.0 

4  g.  beeswax +  1  g.  gum 

damar 0.30  0.5  5.0 

1  g.  gum  damar 0.30  0.6  5.9 

4  g,  beeswax +  1  g.  rosin  0.36  0.7  6  9 

Untreated 3.11  10.1  100.0 

'  The  eggs  were  treated  by  Method  II  (footnote.  Table  III). 


Method  for  Determining  Hydrogen  Sulfide  Evolved  by  Foods 
when  Cooked  at  Various  Temperatures 

Its  Application  to  Steam  Distillation  under  Pressure 

By  Edward  E.  Kohman 

Research  Laboratory,  Nationai,  Canners'  Association,  Washington,  D.  C. 


The  following  paper  describes  a  method  for  the  accurate  delermina- 
iion  of  the  hydrogen  sulfide  evolved  when  foods  are  cooked  at  100°  C. 
or  higher.  It  involves  the  distillation  of  the  sample  with  steam  under 
pressure,  and  the  gravimetric  determination  of  the  sulfide  as  barium 
sulfate. 

Green  corn,  which  was  the  food  product  used  in  the  experiments, 
gives  considerable  quantities  of  substances  other  than  hydrogen  sul- 
fide which  reduce  potassium  permanganate,  and  this  method  makes 
a  study  of  these  products  possible. 

It  is  further  suggested  that  the  method  and  apparatus  described  in 
■this  paper  may  be  applicable  in  the  separation  of  many  organic 
mixtures,  or  in  distillations  such  as  are  involved  in  the  determination 
■of  volatile  fatty  acids,  where  uniform  amounts  of  distillate  in  a  given 
time  are  desired. 

IN  the  study  of  the  black  discoloration  due  to  the  forma- 
tion of  ferrous  sulfide  which  occurs  in  the  air  space  of 
canned  corn  and  of  lye  hominy,  as  well  as  in  the  grains 
of  the  latter,  it  was  desirable  to  know  the  amounts  of  hydro- 
gen sulfide  formed  during  the  processing  of  these  products. 
A  very  satisfactory  method  has  been  devised,  of  such  general 
application  that  it  may  be  used  at  any  temperature  and  for 
any  volatile  product  which  permits  of  steam  distillation. 

The  food  product  to  be  heated  is  placed  in  a  3-1.  flask, 
which  is  set  in  an  upright  autoclave  or  retort,  supplied  with 
steam  from  a  boiler.  (Fig.  1.)  Since  cork  contracts  in 
steam  at  high  temperatures,  the  flask  is  fitted  with  a  pine 
wood  stopper,  c,  which  contains  two  holes  fitted  with  glass 
tubes,  a  and  b.  Tube  a  extends  below  the  stopper  to  the 
bottom  of  the  flask  and  terminates  just  above  the  stopper 
with  a  right-angled  bend.  This  bend  prevents  any  water 
which  may  condense  on  the  under  surface  of  the  cover  of  the 
retort  from  dripping  into  the  tube.  The  tube  opens  into  the 
retort;  therefore  steam  surrounding  the  flask  enters  it  as  the 
pressure  is  relieved  by  a  stopcock  on  the  otlier  tube.  Tube 
b  terminates  just  below  the  stopper  and  extends  above  through 
the  cover  of  the  retort.  It  should  be  long  enough  so  that  the 
'flask  can  be  put  in  position  before  the  cover  is  completely 

'  Received  January  18,  1922.  Presented  before  the  Division  of  Agri- 
>cultural  und  Food  Chemistry  at  the  63rd  Meeting  of  the  American  Cbftmical 
Society,  Birmingham,  Ala.,  April  3  to  7,  1922. 


down.  Outside  the  retort,  tliis  tube  enters  a  Kjeldahl  con- 
necting bulb  and  then  is  bent  to  an  angle  of  about  75°,  and 
to  it  is  sealed  a  glass  tube  with  a  stopcock.  Condenser  g, 
which  leads  to  a  bromine  solution,  follows.  The  steam  is 
turned  on  rather  rapidly  when  heating  is  begun,  but  the 
cover  is  not  clamped  down  tightly  untO  after  about  half  a 
minute,  so  as  to  allow  the  air  to  escape  from  the  retort.  By 
means  of  this  apparatus  a  temperature  of  120°  C.  can  be 
attained  in  2  min.,  and  the  distillate  can  be  regulated  at  will, 
wliile  the  amount  of  water  in  the  flask  remains  constant.  It 
was  planned  to  collect  about  650  cc.  during  a  45-min.  distilla- 
tion period  at  120°  C. 
At  the  end  of  the  dis- 
tillation, the  retort 
should  be  opened  as 
soon  as  the  pressure 
is  relieved;  otherwise 
the  suction  produced 
will  draw  the  liquor 
out  of  the  flask.  The 
sulfur  is  determined 
gravimetricaUy  as  ba- 
rium sulfate. 

One  further  improve- 
ment is  suggested. 
When  the  steam  is 
turned  on  rapidly  in  the 
retort,  the  cover  is  not 
clamped  down  until 
most  of  the  air  has 
been  allowed  to  escape. 
But  the  air  in  the 
flask  must  escape 
through  the  outlet 
tube.  If  the  expansion 
of  the  air  is  greater 
than  can  be  relieved 
by  the  outlet,  the  back 
pressure  may  force 
the  liquor  out  of   the 
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flask  through  the  inlet  tube.  Consequently,  the  stopcock  on 
the  outlet  tube  must  always  be  opened  wide  for  a  few  seconds 
and  gradually  closed  as  the  temperature  comes  up.  This 
need  of  regulating  each  time  causes  a  little  variation  in  the 
distillate.  Where  it  is  essential  to  have  an  exact  and  more 
uniform  amount  of  distillate,  it  can  be  obtained  by  using  a 
2-way  outlet;  one  branch,  d  in  the  figure,  is  a  large  tube  with 
a  stopcock;  the  other,'  e,  is  a  capillary  tube  of  the  desired 
diameter.  Both  should  enter  the  condenser.  With  tliis 
arrangement,  the  amount  of  distillate  will  vary  only  with  the 
different  temperatures  in  the  retort.  In  distillations  like 
that  involved  in  the  determination  of  volatile  fatty  acids, 
where  uniform  amounts  in  a  given  time  are  desired,  this 
method  should  prove  very  accurate,  for  the  temperature  of 
a  retort  supplied  with  steam  from  a  boiler  can  be  e.xactly 
regulated,  to  a  degree  not  possible  wth  the  Bunsen  burner  or 
hot  plate. 

After  the  work  recorded  in  this  paper  was  completed,  an 
article  by  Masters  and  Garbutt^  was  noticed,  in  which  differ- 
ent attempts  to  determine  the  hydrogen  sulfide  formed  in 
cooking  foods  are  described.    These  authors  conclude: 

It  appears  hardly  possible  to  obtain  a  reliable  measure  of  the 
amount  of  hydrogen  sulfide  produced  during  cooking,  but  it  was 
thought  that  if  some  method,  which  did  not  involve  a  distillation 
process,  could  be  devised,  it  might  be  possible  to  obtain  a  measure 
of  the  amount  of  sulfide  left  in  the  cooking  water  at  the  end  of  the 
experiment  and  that  if  all  experiments  were  carried  out  under  the 
same  conditions  such  information  might  be  of  value  for  com- 
parative purposes,  even  though  it  did  not  represent  the  total 
amount  of  sulfide  produced  during  cooking.  For  this  purpose  a 
modification  of  the  method  described  by  Wimpler^  was  adopted, 
and  was  found  to  give  more  consistent  results  than  the  methods 
previously  described. 

The  modified  method  which  they  finally  adopted  was  to 
cook  100  g.  of  the  vegetable  in  750  cc.  of  water  with  a  reflux 
condenser  for  1  hr.,  knowing  that  some  hydrogen  sulfide  was 
escaping  and  some  was  undergoing  decomposition.  Carbon 
dioxide  was  then  bubbled  through  a  measured  amount  of 
the  cooking  water  and  passed  through  a  hydrogen  peroxide 
solution.  The  hydrogen  sulfide  was  oxidized  to  sulfuric 
acid,  which  was  titrated  with  0.01  A''  sodium  hydroxide. 

The  method  described  in  the  present  paper  meets  the  re- 
quirements of  a  distQlation  process,  described  by  Masters  and 
Garbutt  as  "hardly  possible."  Air  does  not  have  access  to 
the  cooking  food  to  cause  decomposition  of  the  hydrogen 
sulfide,  which  is  carried  off  as  it  is  formed,  by  a  rapid  current 
of  steam.  Masters  and  Garbutt  observed  that  the  distillate 
from  foods  contained  acids  other  than  hydrogen  sulfide; 
these,  however,  do  not  interfere  when  the  sulfur  is  determined 
gra%Tmetrically  as  barium  sulfate.  The  method  is  applicable 
at  all  temperatures  above  100°  C.  and  should  be  useful  in  a 
variet}'  of  cases.  It  wiU  make  possible  a  study  of  other 
volatile  products  evolved  in  the  cooking  of  foods. 

Steam  Distillation  uitoee  Pressure 

In  the  separation  of  many  organic  mixtures,  a  steam  dis- 
tillation process  at  elevated  temperatures  ought  frequently 
to  be  applicable  when  the  usual  steam  distillation  at  atmos- 
pheric or  reduced  pressure  is  of  httle  or  no  value.  As  an 
illustration,  the  effect  of  such  elevated  temperatures  in  dis- 
tilling the  immiscible  hquids,  water  and  mercury,  is  given  in 
Table  I.  The  amount  of  mercury  in  the  distillate  was  cal- 
culated from  the  vapor  pressures  by  means  of  Avogadro's 
Law.  Since  the  gram  molecular  volume  varies  directly,  and 
in  the  same  proportion,  as  the  vapor  pressure,  we  may  formu- 
late the  equation 

Wt.  of  Hg  in  distillate     _      200  X  vapor  pressure  of  HgatT° 


Wt.  of  H2O  in  distillate 


18  X  vapor  pressure  of  H:0  at  T° 


'  Biochem.  J.,  14  (1920), 
s  Analyst,  12  (1917).  26. 


Table  I 

Temperature  of  di-stillation,  "  C 100      120     150        200        230 

Hg  in  distillate,  g.  per  1.  HjO 3.9     5.4     8.3     16.2     22.8 

In  Table  II  are  given  similar  figures  for  some  organic  com- 
pounds. It  is  evident  that  with  bromobenzene  and  chloro- 
benzene  the  distiUatiou  would  be  better  carried  out  at  100°  C, 
but  the  reverse  is  true  for  iodobenzene.  Assuming  for  the 
purpose  of  illustration  a  mixture  of  these  tliree  compounds  to 
be  immiscible  in  water  and  ki  each  other,  a  steam  distillation 
at  the  lower  temperature  would  concentrate  the  chloroben- 
zene  in  the  distillate,  whereas  at  the  higher  temperature  it 
would  concentrate  the  iodobenzene  in  the  distillate.  Since 
these  three  compounds  are  not  immiscible  in  one  another,  it 
cannot  be  predicted  what  would  happen  if  such  a  mixture 
were  subjected  to  steam  distillation  at  various  temperatures. 
Although  distillation  under  reduced  pressures  is  frequently 
applied,  distillation  under  pressure  is  scarcely  considered. 
In  many  cases  the  possibilities  of  decomposition  make  the 
lower  temperatures  necessary.  But  the  lack  of  a  simple 
method  of  distillation  under  pressure  is  undoubtedly  a  factor 
in  its  not  being  used.  An  application  of  this  method  to  some 
organic  mixtures  is  certain  of  some  interesting  results.  Many 
separations  that  are  not  successful  by  present  methods  might 
be  effected.  Tarry  masses  wiU  often  yield  more  products 
and  no  doubt  in  some  cases  products  which  would  otherwise 
be  lost. 

Table  II — Steam  Distillation  of  Organic  Compounds 

Temperature  of  distiUation,  "  C 100  120  150  200  230 

CsHtl  in  distillate,  g.  per  1.  HjO 760  810  870  960  1000 

CeHiBr  in  distillate,  g.  per  1.  HiO 1620  1610  1580  1540  1530 

CeHsCl  in  distillate,  g   ptr  1.  H20 2410  2280  2100  1880  1780 

Cooking  of  Green  Corn 

Results  on  200-g.  samples  of  lye  hominy  in  300  cc.  of  water 
are  given  elsewhere.^  In  Table  III  are  the  results  obtained 
by  cooking  1000  g.  of  fresh  corn  in  the  canning  stage  in  500 
cc.  of  water  and  collecting  the  distillate  in  half-hour  periods. 

Table  III — Hydrogen  Sulfide  Evolved  when  Green  Corn 

Is  Cooked  at  Various  Temperatures 

Sample  Temp.  Mg.  Sulfur  per  1000  G.  Cor.n,  in  0.5-Hr.  Periods 

No.  °  C.  1st        2nd       3rd       4th       5th        6th       7th      8th 

1  121  6.40     4.63     1.40     1.28     1.10     0.99        ...      0.58 

2  121  8.83     6.02     1.81     1.75     1.62     1.14     1.60     0.82 

3  110  5.28     3.50     1.97        

4  115  6.58     4.22     2.60     1.83     1.74     1.51     1.35     1.14 

5  105  3.90     3.20     1.98        ...      1.29     1.11      1.03     0.85 

6  100  2.91     2.34     1.88     1.43     1.28     1.14     0.91     0.91 

7  103  3.19     3.12     1.80     1.50     1.00     1.17     1.02     1.07 

8  122  8.12     6.53     3.78     2.94     2.06     1.84     1.02     0.83 

9  103  2.57     2.36     1.36     0.96     0.71     0.74     0.60     0.62 

10  103  1.72     1.29     0.88     0.55     0.54     0  49     0.47     0.49 

11  103  1.02     0.71     0.49     0.58     0.47     0.36     0.36     0.49 

Samples  1  and  2  are  different  lots  of  corn  and  show  that  the 
amount  of  hydrogen  sulfide  evolved  varies  considerably  for 
different  lots  of  corn.  Samples  2  and  3  are  the  same  ears, 
one  end  of  the  ears  being  used  for  one  and  the  other  end  for 
the  other  sample.  The  butts  and  tips  of  the  ears  were  ap- 
portioned equally  between  them.  By  comparing  the  two  the 
effect  of  temperature  is  noted.  Samples  4,  5,  and  6  are  from 
the  same  ears,  and  Samples  5  and  6  are  the  same  corn  mixed 
after  being  ciit  from  the  ears.  These  also  show  the  effect 
of  temperature.  Samples  9,  10,  and  11  are  all  from  the  same 
sample  of  corn,  cut  from  the  cob  and  mixed  before  dividing 
it  between  the  three.  Sample  10,  however,  was  given  a  40- 
min.  process  at  250°  F.  and  Sample  11  an  80-min.  process  at 
250°  F.  in  an  open  flask  in  a  retort  before  hydrogen  sulfide  was 
determined.  It  is  evident  that  the  hydrogen  sulfide  escapes 
from  the  corn  even  though  no  current  of  steam  is  passing 
through.  From  a  comparison  of  all  the  figures,  it  is  evident 
that  considerably  more  hydrogen  sulfide  is  evolved  during 
the  first  half  hour  than  during  the  second  and  that  the  amount 
decreases  for  each  succeeding  period.  Masters  and  Garbutt* 
state  that  the  amount  of  hydrogen  sulfide  evolved  when  the 

•  This  Journal.  14  (1922),  415. 
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heating  is  begun  is  relatively  smaller  than  after  the  heating 
has  been  continued  for  a  time.  After  reacliing  a  maximum 
it  again  drops  off.  They  do  not  state  when  this  maximum 
is  reached,  but  the  indications  are  that  it  is  merely  a  question 
of  the  food  actually  reacliing  the  temperature  of  the  experi- 
ment. In  our  work  the  live  steam  of  the  retort  passed  through 
the  food  product,  whose  temperature  therefore  came  up  with 
the  retort  temperature  in  about  2  min. 

Table  IV  gives  the  effect  of  alkali  and  acids  and  of  iron 
salts  on  the  amount  of  hydrogen  sulfide  evolved  by  green 
corn  when  heated.  The  distillation  was  carried  out  at  110° 
C,  and  the  distillate  was  collected  in  half-hour  periods.  For 
1000  g.  of  green  corn  in  the  canning  stage  500  cc.  of  water 
were  used.  If  acid  or  alkali  was  added  the  amount  of  water 
was  correspondingly  reduced.  When  corn  is  cut  from  the 
cob  the  acidity  rapidly  rises,  apparently  as  a  result  of  enzymic 
activity.  Sample  4  shows  the  effect  of  this  rise  in  acidity 
on  the  evolution  of  hydrogen  sulfide. 

Table  IV — Effect  of  Reaction  and  Iron  Salts 

Mg.  Sulfur  per  1000  G. 
Sample  Corn  in  0.5-Hr.  Periods 

No.  Treatment  1st      2nd      3rd       4th 

1  30  cc.  0.5  W  HiSO. 4.54     3.42     1.S3     1.35 

Without  HiSOj 5.91     3.89     1.97     1.47 

2  30  cc.  0.5  iV  NaOH 8.86     5.76     2.71     1.70 

Without  NaOH 5.25     4.67     2.16     1.88 

3  0.5  g.  FeS0i.7H!0 8.36     6.12     3.88     1.42 

Without  FeS0i.7H!0 7.70     5.69        ...      1.97 

4  Distilled  as  soon  as  cut  from  cob    ...      5.95     4.79     2.55     1.67 
DistiUed  3  hrs.  later 4.76     3.97     2.28     1.56 

Hydrogen  sulfide  is  not  the  only  product  evolved  when  green 
corn  is  subjected  to  a  distillation  under  pressure.  More  or  less 
insoluble  fatty  material  collects  on  the  surface  of  the  distUlate 
and  on  the  sides  of  the  condensing  tube.    The  distillate 


moreover  has  considerable  reducing  action  toward  potassium 
permanganate.     According  to  the  equation 

SHjSO,  4-  2KMnO,  +  SHjS  =  5S  +  2MnS04  +  K2SO4  +  8H,0 

potassium  permanganate  is  equivalent  to  approximately  one- 
half  its  weight  of  sulfur  in  the  form  of  hydrogen  sulfide. 
Table  V  gives  the  amount  of  potassium  permanganate  re- 
duced by  the  distillate  collected  in  half-hour  periods  when 
1000  g.  of  corn  in  500  cc.  of  water  were  distilled  at  110°  C. 
and  also  the  amount  of  hydrogen  sulfide  evolved  by  Sample 
2.    Table  VI  gives  similar  figures  for  variable  conditions. 

Table  V — Reducing  Substances  Evolved  by  Green  Corn 
Mg.  KMnO  Reduced  by  Distillate  from  1000  G.  Corn 
Sample  in  0.5-Hr.  Periods 

No.  1st  2nd  3rd  4th 

1 124  82  70  54 

2 158  93  76  64 

Mg.  Sulfur  Evolved  as  Hydrogen  Sulfide 
2 6.75  5.08  2. 57  1.50 

Table  VI 

Temper-  Time  of  Dis-  Amt.  of  Dis-  KMnO<  Sulfur 

Sample         ature  tillation          tillate  Reduced  Obtained 

No.              "  C.  Hrs.                  Cc.  Mg.  Mg. 

1  110  1.33       lOOO  320  15.2 

2  122  1.33       1500  408  16.0 

3  120  1.33       150U  290  14.6 

Since  potassium  permanganate  is  equivalent  to  about  one- 
half  its  weight  of  sulfur,  the  hydrogen  sulfide  accounts  for 
only  about  one-tenth  of  the  reducing  substance  in  the  distil- 
late. In  the  study  of  the  discoloration  of  canned  corn  it  was 
observed  that  corn  which  was  given  a  high  precook  before 
canning  behaved,  after  storage  in  the  can,  as  though  it  had 
lost  its  reducing  effect  toward  the  container.  The  above 
figures  are  a  confirmation  of  this  observation. 


Chemists  and  the  Patent  Laws 

The  Chemical  Age  (London)  of  March  25,  1922,  contains  ex- 
tracts from  a  lecture  by  Mr.  Horatio  Ballantyne,  which  contains 
some  advice  which  may  be  of  value  to  American  chemists.  He 
says: 

1 — Try  to  ascertain,  with  scrupulous  care,  all  the  factors 
necessary  for  the  successful  performance  of  the  invention,  and, 
having  done  so,  give  in  the  specification  full  and  clear  informa- 
tion, illustrated  by  definite  examples.  1  cannot  too  strongly 
press  this  coimsel  upon  your  consideration.  A  very  large  part 
of  the  costly  litigation  which  has  occurred  in  connection  with 
chemical  patents  in  the  past  has  been  due  to  "insufficiency" 
of  this  sort  I  am  happy  to  say  that,  so  far  as  my  experience 
goes,  such  faults  are  almost  unknown  in  the  specifications  of 
British  inventors.  No  doubt  the  defect,  when  it  occurs,  is  to 
some  extent  due  to  the  differences  which  exist  in  the  requirements 
of  the  patent  laws  of  different  countries;  but  whatever  the  cause, 
the  defect  is  a  serious  one  from  our  own  standpoint.  The 
bargain  between  the  Crown  and  the  patentee  requires  that  the 
informed  public — in  this  case,  competent  chemists,  skilled 
in  the  particular  art — shall  be  placed  by  the  specification  in 
full  possession  of  all  the  knowledge  requisite  for  successfully 
using  the  invention,  and  anything  short  of  a  full  disclosure  not 
only  imperils  the  validity  of  the  patent,  but  is  obviously  unfair 
to  the  public.  A  "full  disclosure"  does  not  mean  a  dissertation 
on  the  subject;  but  it  is  better  to  furnish  your  patent  agent  with 
a  lengthy  description,  from  which  he  may  .select  the  essentials, 
than  to  run  any  risk  of  failure  in  this  respect. 

2 — Avoid  the  introduction  of  theory  into  your  specification, 
unless  the  circumstances  are  very  special  and  your  patent  agent 
considers  it  necessary — and  in  the  latter  case  make  plain  that  it 
is  theory.  The  temptation  to  resort  to  theoretical  conceptions 
in  elucidating  chemical  inventions  is  sometimes  very  great; 
none  but  a  chemist  can  appreciate  how  helpful,  as  a  real,  practi- 
cal guide,  chemical  theory  can  be  and  generally  is.  Your 
invention,  as  formulated  under  the  sagacious  advice  of  your 
patent  agent,  may  at  first  sight  appear  rather  bare.  You  have 
been  contemplating,  perhaps,  not  only  particular  substances, 
but  groups  of  whole  classes  of  compounds;  not  reactions  appli- 
cable only  to  a  few,  but  general  reactions  such  as  your  studies 


and  experience  have  familiarized  you  with.  Your  patent  agent 
sees,  lurking  in  such  broad  ideas,  the  danger  that  the  claims  may 
extend  to  substances  or  to  conditions  of  working  which  result 
m  failure.  There  are  cases,  especially  in  the  domain  of  organic 
chemistry,  where  it  is  almost  impossible  to  avoid  theory;  it  is 
then  all  the  more  necessary  to  seek  the  aid  of  a  patent  agent 
who  has  an  adequate  knowledge  of  chemistry  to  guide  you. 
3 — Do  not  overstate  what  the  invention  can  accomplish. 
Nearly  all  inventors  are  enthusiasts,  who  do  not  relish  seeing 
their  inventions  stated  in  modest  terms.  Now,  if  an  invention 
consists  in  a  process  or  apparatus,  it  is  plain  that  no  laudatory 
expressions  can  assist  in  describing  that  process  or  apparatus. 
Commonly  it  is  an  advantage  to  indicate  what  the  object  of 
the  invention  is;  sometimes,  but  more  rarely,  it  is  advantageous 
to  indicate  what  the  invention  is  claimed  in  fact  to  achieve. 
Any  such  expressions,  however,  should  be  inserted  only  with 
the  concurrence  of  your  patent  agent. 


Chemical  Exposition  at  Union  College 

The  Union  College  Chemical  Society  held  a  Chemical  Expo- 
sition on  April  6  to  8,  1922,  which  contained  exhibits  from 
over  fifty  companies,  and  was  attended  by  between  seven  and 
eight  hundred  people  Many  of  the  exhibits  had  appeared  at  the 
Chemical  Exposition  in  New  York  last  September. 

In  addition  to  the  exhilnts,  a  feature  which  attracted  a  large 
attendance  was  the  motion  picture  films  illustrating  various 
chemical  industries.  Two  lectures  al.so  attracted  a  large  atten- 
dance: the  first  by  Dr.  lidwjird  HUery  on  "The  Chemistry  of 
Everyday  Life,"  and  the  other  by  Dr.  Saul  Dushman,  on  "The 
Structure  of  the  Atom." 


The  list  of  American  Research  Chemicals,  first  issued  as 
Circular  23  of  the  National  Research  Council  has  been  revised, 
and  is  expected  to  be  ready  for  distribution  about  Jimc  1.  The 
revised  list  contains  the  products  of  eighty-two  manufacturers. 
It  follows  the  general  scheme  of  the  earlier  list,  but  contains  in 
addition  a  list  of  vital  stains.  Copies  can  be  secured  from  the 
Research  Information  Service,  Natioual  Research  Council, 
Washington,  D.  C. 
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The  Composition  of  Soy-Bean  Oil' 


By  W.  B.  Smith' 

Armour  &  Co.,  Kansas  City,  Kansas 


VERY  little  seems  to  have  been  published  regarding 
the  composition  of  soy-bean  oil,  although  many 
data  concerning  its  "constants"  have  appeared  in 
the  last  few  years.  Matthes  and  Dahle's'  statement  that 
the  fatty  acids  consist  of  15  per  cent  palmitic,  56  per  cent 
oleic,  19  per  cent  linoUc,  and  5  per  cent  hnolenic  acids,  has 
been  quoted  recently,  but  as  the  iodine  number  of  such  a 
mixture  is  99,  while  soy-bean  oil  has  an  iodine  number 
around  130,  it  is  evident  that  this  is  not  the  correct  com- 
position. 

The  principal  reason  for  the  discrepancy  lies  in  the  fact 
pointed  out  by  Jamieson  and  Baughman,''  that  a  large  pro- 
portion of  the  UnoUc  tetrabromides  of  some  oils  remains  in 
solution  in  the  mijrture  of  oleic  dibromide  and  petroleum 
ether.  When  this  fact  is  recognized,  the  correlation  of  the 
analysis  of  the  unsaturated  acids  with  the  known  constants 
becomes  simplified.  Some  of  the  chief  constants  which  have 
been  published  are  the  following: 


1 

Specific  gravity  IS. 6°/15. 6° 

Index  of  refractioD,  25°  C 1.4741 

Iodine  number  (Hanus) 134 . 0 

Free  fatty  acids,  per  cent 0.8 

Insoluble   acids  -j-  unsaponifi- 

able,  per  cent 95.3 

Soluble  acids,  per  cent 0.3 

Unsaponifiable  matter,  percent  1.0 

Solid  acids,  per  cent 9.7 

Iodine  number 5.7 

Melting  point 53.5 

Molecular  weight 274. 

Liquid  acids,  per  cent 85 .  5 

Iodine  number .... 

Hexabromides    (m.    p.    181°), 

per  cent 6.55 

Linolenic  acid,  per  cent 2.40 


1.4734 
133.1 


7.74 
5.0 
52.5 
271. 


0 

1 

129 


151.7 


7.23 
2.60 


83 


3 

9249  0. 

4732  1. 

4  132. 


9. 

7, 

53. 


4 

9245 
4734 
6 


acids  when  corrected  for  this  becomes  9.3.  This  result  is 
very  close  to  that  of  Fellers.*  Owing  to  the  small  quanti- 
ties of  solid  acids  recovered,  tests  of  their  character  were  in- 
conclusive. According  to  Matthes  and  Dahle,'  palmitic 
acid  is  the  only  saturated  acid  present. 
The  percentage  of  linolenic  acid  in  soy-bean  oil  appears  to 


Index  op  Refraction 


Fellersi 

Matthes 
and  Dahle^ 

Oettinger                                           Bailey  and 
and  Buchta'                Low*                Baldsiefen' 

Lewkowitsch' 

Twitchell' 

Steele  and 
Washburn' 

Maximum 
Minimum 

1.4750(25°) 
1.4720 

1.4680(40°) 

1.4755(20°) 
1.4745 

Iodine  Number 

Maximum 
Minimum 

132.3 
123.2 

• .  > . 

138.4  (Wijs)       135.5 
137.4                   133.2 

Saponification  Number 

Maximum 
Minimum 

195.8 
190.2 

.... 

.. 

192.5 
190.6 

Insoluble  Acids  and  Unsaponifiable  Matter 

Maximum 
Minimum 

94.3 
93.0 

95.5 

96.0 
95.8 

96.1 

Unsaponiflablb  Matter  (Per  cent) 

Maximum 
Minimum 

0.59 
0.39 

1.16 
Reichert-Meissl  Number 

Maximum 
Minimum 

5.2 
4.3 

0.56 
0.45 

Solid  Acids  (Per  cent) 

Maximum 
Minimum 

9.2 

8.6 

Liquid  Acids  (Per  cent) 

17.01 

Maximum 
Minimum 

85.7 
84.9 

Hexabromides  (Per  cent) 

Maximum 
Minimum 

.... 

■7.5 
4.2 

7.78 
5.07 

2. 

2 

Average 





6.0 

I  This  Journal,  13  (1921),  689. 

'  Lewkowitsch,  "Oils,  Fats,  and  Waxes,' 

•  Z.  angfrw.  Chem..  1911,  24,  828. 

•  This  Journal.  12  (1920),  572. 


5th  edition,  II,  116;    I,  575. 


'Ibid.,  12  (19201,  1193. 
*Ibid.,  13  (1921),  807. 
T  Hid.,  12  (1920),  59. 


Experimental 

Analyses  bearing  on  the  subject  have  been  made  on  four 
samples  of  soy-bean  oil,  representing  four  different  sources 
as  well  as  more  than  ten  years'  time.  Standard  methods 
were  employed  in  every  case,  more  than  ordinary  care  being 
observed. 

These  analyses  average  9.7  per  cent  of  sohd  acids,  with  an 
average  iodine  number  of  6.  Taking  the  iodine  value  of  the 
unsaturated  acids  as  153,  the  sohd  acids  contain  about  4  per 
cent  of  unsaturated  acids,  so  that  the  percentage  of  saturated 

•  Received  January  13,  1922. 

•  Chemist,  Armour  &  Co. 

"  Lewkowitsch,  "Oils,  Fats,  and  Waxes,"  5th  edition,  II,  116;  I,  575. 
«  .;.  Am.  Chem.  Soc,  42  (1920),  1199. 


have  been  well  worked  out.  E.xcluding  Steele  and  Wash- 
burn's result,^  which  is  much  lower  than  the  others,  the  limits 
are  from  4.2  to  7.8  per  cent  of  hexabromide,  corresponding  to 
1.54  to  2.86  per  cent  of  hnolenic  acid.  Bailey  and  Baldsiefen 
found  the  average  of  hexabromides  to  be  6.0,  equivalent  to 
2.2  per  cent  of  linolenic  acid.  The  average  of  2.5  per  cent 
found  experimentally  agrees  ^vith  these  figures. 

The  palmitic  and  Hnolenic  acids  account  for  less  than  12 
per  cent  of  the  oil,  which  must  contain  a  large  proportion  of 
hnohc  acid.  To  determine  this.  Oil  1  was  tested  in  the  man- 
ner described  by  Jamieson  and  Baughman.*  The  filtrate 
from  the  hexabromide  determination  was  freed  from   ether 

•  This  Journal,  IS  (1921),  689. 
'Ibid.,li  (1920),  59. 
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by  boiling  (after  removing  the  excess  of  bromine  with  thio- 
sulfate  and  drying),  dissolved  in  petroleum  ether,  and  the 
linolic  tetrabroinides  allowed  to  crystallize  in  the  ice  box. 
The  next  day  these  Were  filtered,  washed,  and  dried.  The 
filtrate  was  dried  and  weighed,  and  the  percentage  of  bro- 
mine was  determined.  From  these  results  the  amounts  of 
linoUc  and  oleic  acid  were  calculated. 

Grams       Per  cent 


Weight  of  unsaturated  acids 5 .  000 

Linolenic  hexabromide,  m.  p.  181 " 0 .  3830 

Linolenic  acid 

Insoluble  tetrabromide,  m.  p.  112** 1.7.560 

Residue  (tetrabromide  and  dibromide) 7.7350 

Bromine  content  of  residue 

Tetrabromide  in  residue 5 .  3139 

Dibromide  in  residue 2.4211 

Linolic  acid  in  residue 2.4800 

Linolic  acid  in  insoluble  tetrabromide 

Total  linolic  acid 

Oleic  acid 1 .  5451 


7.66 

2.81 

35.12 

47!  96 


49.60 
16.39 
65.99 
30.90 


These  figures  show  the  following  composition  of  the  un- 
saturated acids  and  the  original  oil: 


Linolenic  acid. 
Linolic  acid. . . 

Oleic  acid 

Solid  acids. . . . 


Total. 


Unsaturated 

Acids 

Per  cent 

2.81 

65.99 

30,90 

99.70 


Original  Oil  as 

Found 

Per  cent 

2.4 

66.4 

26.4 

9.7 

94.9 


Original  Oil 

Corrected 

Per  cent 

2.4 

56.6 

26.5 

.        9.3 

94.8 


The  figures  in  the  last  column  were  obtained  by  deducting 
0.36  per  cent  of  unsaturated  acids  from  the  sohd  acids  as 
found,  and  correcting  the  percentages  of  unsaturated  acids 
accordingly.  The  iodine  value  of  the  above  mixture  is  the- 
oretically 155  for  the  unsaturated  acids,  and  133.0  for  the 
original  oU,  while  153  and  134.0  are  values  found  on  experi- 
ment (the  value  153  is  the  average  of  two  other  samples). 

From  the  data  obtained  it  is  believed  that  the  composition 
of  soy-bean  oil  having  an  iodine  number  of  134  is  approxi- 
mately as  follows:  2  to  3  per  cent  hnolenic,  55  to  57  per  cent 
hnoUc,  26  to  27  per  cent  oleic,  and  9  to  10  per  cent  saturated 
acids. 


Glacial  Acetic  Acid  Method  for  Determining  Uranium 

in  Carnotite' 

By  Wilfred  W.  Scott= 

Department  of  Chemistry,  Colorado  School  op  Mines,  Golden,  Colorado 


THE  growing  demand  for  radium  has  been  an  incentive 
to  an  increased  interest  in  certain  radium  bearing 
minerals,  the  most  important  of  which  is  carnotite.' 
Since  there  appears  to  be  a  definite  ratio  of  radium  to  uranium 
in  the  ore,  the  uranium  content  is  an  approximate  measure 
of  the  amount  of  radium  present,''  so  that  a  rapid  method 
for  the  determination  of  uranium  is  much  to  be  desired. 

The  usual  accompanying  substances  in  carnotite  are  silica, 
iron,  aluminium,  and  vanadium,  and  the  method  should  pro- 
vide for  the  separation  of  uranium  from  these  elements. 

Carnotite  is  easily  decomposed  by  mineral  acids.  The 
procedure  commonly  employed  is  to  treat  the  ore  with  nitric 
acid  at  boiling  temperature  (adding  sulfuric  acid  if  decompo- 
sition by  the  nitric  acid  is  incomplete),  filter  off  the  silica, 
precipitate  iron  and  alumina  as  carbonates  with  an  excess  of 
ammonium  carbonate,  precipitate  vanadium  from  a  slightly 
acetic  acid  solution  as  lead  vanadate,  remove  the  excess  of 
lead  either  as  a  carbonate  and  sulfide,  or  as  sulfate,  and  de- 
termine uranium  by  precipitation  with  ammonia,  ignition  to 
UsOs  and  weighing  as  impure  oxide.  The  residue  is  extracted 
with  nitric  acid,  and  the  weight  of  insoluble  residue  is  sub- 
tracted from  the  weight  obtained,  to  arrive  at  the  true  UsOs. 
The  method  is  long  and  requires  some  experience  for  ac- 
curate results. 

W.  F.  Hillebrand  suggests  separating  vanadium  from 
uranium  by  volatilization  of  the  former  as  the  oxychloride  with 
hydrochloric  acid  gas.  The  method  is  not  popular  in  the  in- 
dustrial laboratory  on  account  of  the  apparatus  required. 

C.  E.  Scholl^  has  outlined  a  rapid  method  which  in  part 
follows  the  procedure  recommended  by  the  Bureau  of  Mines" 
for  the  commercial  separation  of  the  constituents  of  carnotite. 

'  Received  January  12,  1922. 

'  Associate  Professor  of  Chemistry.  Colorado  School  of  Mines. 
'  Am   J.  Sci.,  |4|  10  (1900),  120;    U.  S.  Ccol.  Surv.,  Hulls.  70,  104,  626. 
*  2.6  times  per  cent  of  UsOi  gives  mg.  radium  per  ton.     Ratio  U  :  Ra  = 
1  :  3.4X10-'.     S.  C.  Lind  and  L.D.Roberts,/.  Am.  Chem.  6oc.,  42  (1920), 
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Scholl,  however,  separates  the  vanadium  in  the  initial  car- 
bonate treatment  to  remove  iron  and  aluminium  by  adding 
sufficient  iron  in  excess  of  that  present  to  carry  out  the  va- 
nadium. Unfortunately  the  vanadium  is  not  completely 
removed  and  may  often  be  found  in  the  final  residue  UsOg; 
furthermore  some  uranium  is  invariably  carried  down  by  the 
iron  and  aluminium. 

C.  A.  PierM'  has  shown  that  vanadium  may  be  quanti- 
tatively separated  from  uranium  by  extracting  the  nitrates 
with  glacial  acetic  acid  containing  nitric  acid  in  the  proportion 
of  100:5.  The  uranium  dissolves  while  the  vanadium  re- 
mains in  the  residue.  After  investigating  the  reaction  the 
writer  conceived  the  idea  of  using  this  principle  in  a  quan- 
titative method  for  the  determination  of  uranium  in  carnotite. 

Attempts  were  first  made  to  extract  the  ore  directly,  with 
unsatisfactory  results;  roasting  the  ore  before  treating  with 
the  glacial  acetic  nitric  mix  proved  more  effective  and  indi- 
cated a  commercial  possibihty.  The  best  results  were  ob- 
tained by  decomposing  the  ore  with  dilute  nitric  acid,  fil- 
tering off  the  soluble  constituents  containing  aU  of  the  ura- 
nium and  evaporating  to  dryness,  or  treating  the  ore  with 
nitric  acid  and  evaporating  to  dryness  without  separating  the 
silica,  thus  saving  a  filtration.  The  residue  thus  obtained 
was  exi-ractcd  with  the  glacial  acetic-nitric  reagent. 

It  was  found  necessary  to  evaporate  the  extract  to  dryness 
and  reextract  the  uranium  to  effect  a  complete  separation  of 
uranium  from  vanadium  (see  experimental  data).  A  final 
evaporation  to  dryness  and  ignition  to  destroy  organic  mat- 
ter appears  necessary  for  a  complete  precipitation  of  uranium. 
Pyrex  glass  has  been  found  to  be  satisfactory. 

Procedure 

Half  a  gram  (100  mesh)  of  high-grade  carnotite,  or  a  larger 
amount  of  low-grade,  is  placwl  in  a  300-  to  400-cc.  beaker  and 
treated  with  20  to  40  cc.  dilute  HNOa  (1:1)  and  the  mix- 
ture boiled  gently  and  placed  on  a  steam  bath  or  hot  plate 

»  This  Journal,  12  (1920),  61. 
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over  an  asbestos  mat  to  keep  hot  until  the  decomposition  is 
complete  and  only  white  silica  remains.'  The  solution  is 
now  rapidly  evaporated  to  dryness,  the  beaker  being  covered 
by  a  watch  glass  mounted  on  glass  riders  to  lessen  condensa- 
tion. The  residue  is  baked  for  a  few  minutes  to  expel 
water. 

Twenty-five  cc.  of  glacial  acetic-nitric  acid  mixture  (100  : 5) 
are  added,  and  the  sides  of  the  beaker  and  the  watch  glass 
are  rinsed  down  to  remove  any  adhering  residue,  by  means  of 
a  policeman  if  necessary.  The  mixture  is  heated  to  boiling 
and  kept  at  boLUng  temperature  for  about  5  min.  (To  prevent 
loss  of  glacial  acetic  acid,  a  round-bottomed  flask  filled  with 
cold  water  and  placed  over  the  beaker  has  been  found  effective. 
The  strength  of  acetic  to  nitric  must  be  liept  in  the  ratio  of 
10  or  more  to  1 ;  otherwise  vanadium  is  appreciably  attacked.) 

The  extract  is  filtered  from  the  red  residue,  which  contains 
over  95  per  cent  of  the  vanadium,  practically  all  of  the  silica, 
and  a  large  proportion  of  the  alumina  and  iron.  The  beaker 
is  rinsed  out  with  the  least  amount  of  the  glacial  reagent  nec- 
essary and  the  filter  washed  down  with  several  small  portions 
of  the  acid. 

The  extract  containing  all  of  the  uranium  is  evaporated  to 
dryness  (in  the  hood),  the  residue  baked,  and  ignited  gently 
over  a  free  flame  untU  the  residue  turns  black.  The  ex- 
traction with  glacial  acetic-nitric  is  repeated  with  15  to  20 
cc.  of  the  acid,  the  acid  being  heated  to  near  boiling.  Four  or 
five  minutes  are  ample  to  effect  the  solution  of  the  uranium. 

The  extract  is  filtered  off  as  stated  in  the  previous  step  and 
evaporated  to  dryness  and  the  residue  baked  and  ignited  to 
destroy  the  organic  matter,  which  would  interfere  with  the 
precipitation  of  uranium. 

The  black  residue  is  dissolved  in  10  cc.  nitric  acid  and 
40  cc.  of  water,  warming  if  necessary.  The  free  acid  is 
partly  neutralized  with  ammonium  hydroxide,  the  beaker 
is  covered,  and  solid  ammonium  carbonate  is  added  in  suflS- 
cient  excess  to  dissolve  the  carbonate  of  uranium  that  first 
precipitates.  The  addition  of  the  carbonate  effects  pre- 
cipitation of  iron  and  alumina  that  remain  in  the  solution. 
From  2  to  3  g.  more  of  ammonium  carbonate  are  added  and 
5  cc.  of  ammonium  hydroxide.  The  solution  is  now  filtered 
from  the  precipitate,  and  the  residue  washed  with  hot  water. . 

The  filtrate  containing  uranium  is  acidified  with  nitric  acid 
which  is  added  through  the  lip  of  the  beaker,  the  beaker  being 
covered  to  prevent  loss  by  effervescence.  A  precipitate  of 
uranium  carbonate  first  forms  and  redissolves  with  the 
excess  of  acid.  The  solution  is  heated  to  boiling  to  expel 
carbon  dioxide,  which  prevents  precipitation  of  uranium. 
Ammonium  hydroxide  is  added  in  decided  excess  and  the 
boiling  continued  until  the  uranium  precipitates  completely. 
The  supernatant  solution  which  is  obtained  when  the  pre- 
cipitate settles  should  be  colorless.  A  yellowish  color  indi- 
cates uranium  and  the  boiling  should  be  continued.  The 
addition  of  ammonium  nitrate  assists  in  the  complete  precipi- 
tation of  ammonium  uranate.  Generally  a  sufficient  amount 
as  present. 

The  precipitate  is  filtered  off,  and  the  beaker  is  rinsed  out 
•with  a  little  of  the  filtrate  and  the  least  amount  of  2  per  cent 
ammonium  nitrate  necessary.  Washing  the  precipitate  is 
not  required.  After  drying  slightly  to  expel  most  of  the  mois- 
ture the  precipitate  is  ignited  and  weighed  as  UjOg. 

The  residue  should  dissolve  completely  by  boiling  with 
dilute  nitric  acid.  If  it  does  not,  any  residue  remaining 
should  be  filtered  off,  washed  free  of  uranium,  and  ignited. 
The  weight  of  this  residue  is  deducted  from  the  oxide  of 
uranium  obtained  above. 

•  Addition  of  sulfuric  acid  may  be  necessary  for  complete  solution  of 
uranium.  Generally  camotite  decomposes  readily  with  the  method  given. 
A  few  drops  of  hydrofluoric  acid  hasten  the  decomposition. 
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Experimental  Data 

SiOj 

FesOj 

AliOj 

V2O3  in  Two  Residues  from 
Acetic  Extract 

U.Oi 

Taken 
Found 

0.2000 
0.1963 

0.1430 
0.1416 

0.0000 

0.2000 

■     0.1993 

0.2000 
0.1992 

Taken 
Found 

0.4000 

0.2500 

0.0500 

0.1000 
0.1020 

0.2000 
0.1988 

Taken 
Found 

0.1000 

0.3500 

0.0500 

0.3000 
0.3001 

0.2000 
0.1997 

Taken 
Found 

0.2000 

0.1500 

0.0500 

0.4000 
0.3936 

0.2000 
0.2004 

Taken 
Found 

0.2000 

0.0500 

0.0500 

0.5000 
0.4978 

0.2000 
0.1996 

Analysis  op 

Carnotitb 

(Per  cent  U»Oi) 

Standard             Schoirs 
Procedure            Method 

Fmanatioa 
Method 

New 
Method 

a 

24.93 

2S.05 

•  •  •  > 

25.16 

b 

24.56 

24.2 

24.23 

SoLUBiLiTv  OF  UiOs  IN  25  Cc.  Glacial-Nitric  Mix 
0.2000  g.  taken.     Soln.  complete  in  2  min.  in  hot  reagent 
0.5000  g.  taken.     Soln.  complete  in  3  min.  in  hot  reagent 
1.0000  g.  taken.     Soln.  complete  in  2  min.  in  boiling  reagent 
5.0000  g.  taken.     4.478  g.  dissolved  in  5  min.  in  boiling  reagent 

SoLUBnjTv  OF  ViOi  IN  25  Cc.  Glacial-Nitric  Mix 
0.1000  g.  Uken.     0.0026  g.  dissolved  after  5-min.  boiling 
1.0000  g.  taken.     0.0034  g.  dissolved  after  5-min.  boiling 

The  following  results  were  obtained  by  students  in  the 
analysis  of  carnotite.  The  methods  are  designated  by  the 
reagent  used  in  the  separation  of  vanadium  from  uranium. 
Results  are  reported  in  grams  of  UsOg  found. 


Lead  Acetate  Method 

Ferric  Iron  Method 

Glacial  Acetic  Method 

Grams  UjOi 

Grams  UiOi 

Grams  UiOj 

High-Grade  Ore,  0.5-G.  Sample 

0.1265 

0.1269 

0.1247 

0.1247 

0.1257 

0.1248 

0.1250 

0.1268 

0.1246 

0.1243 

0.1257 

0.1255 

0.1241 

0.1263' 

0.1256 

0.1245 

0.1260 

0.1260 

0.1243 

0.1265 

0.1259 

0.1248 

0.1250 

0.1243 

0.1230 

0.1245 

0.1245 

0.1232 

0.1230 

0.1248 

0.1231 

0.1238 

0.1242 

0.1238 

0.1230 

0.1245 

Av.  (Per  cent) 

24.85 

25.05 

24.99 

Low-Crade  Ore,  S-G.  Sa: 

mpU 

0.1265 

0.1170 

0.1250 

0.1235 

0.1210 

0.1225 

0.1365 
0.1367 

Av.  (Per  cent) 

2.483 

2.556 

2.5 
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The  Chemical  Situation  in  Italy 

Dr.  Riccardo  Cuisa,  Chemical  Institute  of  the  Royal  Univer- 
sity at  Bologna,  Italy,  after  having  read  the  article,  "Chemically 
Speaking,  How's  Europe,"  by  Watson  Davis,  which  appeared  in 
the  December  number  of  Tins  Journal,  has  noted  that  Italy  was 
not  mentioned  in  this  survey  of  chemical  conditions  in  Europe 
which  was  based  on  information  obtained  from  a  number  of 
American  chemists  who  visited  Europe  last  summer.  He  gives 
the  following  information  regarding  chemistry  in  Italy: 

"The  pay  of  the  professors  is  going  to  be  increased,  as  have 
already  been  the  endowments  of  laboratories,  and  the  number  of 
students  is  growing. 

"The  chemical  industry  is  recovering  its  former  condition  in 
relation  to  agriculture,  and  the  lack  of  coal  is  felt  everywhere. 
With  coal,  chemically  speaking,  Italy  would  be  inferior  to  no 
country," 


June,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


533 


The  Composition  of  Commercial  Phosphoric  Acid' 

By  William  H.  Ross,  C.  B.  Durgin  and  R.  M.  Jones 

Bureau  of  Soils.  U.  S.  Department  op  Agriculture,  Washington.  D.  C. 


A  study  has  been  made  of  suitable  methods  for  determining  the 
inorganic  constituents  of  commercial  phosphoric  acid  and  an  outline 
is  given  of  simple  and  accurate  methods  which  have  been  devised  or 
adapted  for  the  purpose.  The  methods  are  also  applicable  to  the 
analysis  of  alkali  and  other  soluble  phosphates  and,  with  suitable 
modifications,  to  the  analysis  of  insoluble  phosphates. 

Tabulated  results  are  given  showing  the  composition  of  different 
samples  of  phosphoric  acid  prepared  from  bones  and  from  phosphate 
rocl(  by  the  sulfuric  acid  method,  and  from  phosphate  rocl^  by  the 
volatilization  method.  The  volatilized  acids  are  relatively  low  in 
such  nonvolatile  constituents  as  calcium,  iron,  aluminium,  and  man- 
ganese. The  presence  of  other  elements  such  as  lead,  sulfur,  chlorine, 
and  fluorine  in  unrefined  acids  depends  more  on  contamination  and 
on  the  composition  of  the  rock,  <"■  bones  from  which  they  are  obtained 
than  on  the  process  used  in  their  preparation.  The  lowest  propor- 
tion of  inorganic  constituents  in  the  samples  analyzed  was  found  in  a 
tolatilized  acid  that  had  been  collected  in  a  Cottrell  precipitator  and 
commercially  refined. 

THE  four  leading  mineral  acids  of  this  country,  in  the 
order  of  their  production,  are  sulfuric,  hydrochloric, 
nitric,  and  phosphoric.  In  the  pre-war  year  of  1913 
the  production  of  sulfuric  acid  in  terms  of  50°  B6.  acid 
amounted  to  3,538,890  tons,  as  compared  with  only  about 
25,000  tons  of  phosphoric  acid.  The  consumption  of  phos- 
phoric acid  is  thus  seen  to  be  small  as  compared  with  sul- 
furic acid,  but  within  recent  years  a  marked  increase  has 
been  noted  in  the  demand  for  this  acid,  particularly  in  those 
industries  which  have  to  do  with  the  preparation  of  food  prod- 
ucts. This  is  illustrated  by  its  use  in  sugar  refining,  in  fer- 
mentation, in  water  softening,  and  in  the  manufacture  of 
soft  drinks,  baking  powder,  yeast,  jams  and  jeUies,  hydrogen 
peroxide,  and  other  medicinal  preparations. 

Sulfuric  acid  is  used  in  a  great  many  industries,  but  the 
bulk  of  this  acid,  amounting  under  normal  conditions  to 
upwards  of  50  per  cent  of  the  total,  is  consumed  in  the  produc- 
tion of  a  soluble  salt  of  phosphoric  acid,  viz.,  monocalcium 
phosphate,  or  superphosphate  as  it  Ls  more  commonly  known 
in  the  fertiUzer  trade.  Monocalcium  phosphate  and  other 
soluble  phosphates  may  also  be  produced  from  phosphoric 
acid  independently  of  sulfuric  acid  and  small  quantities  of 
these  salts  are  now  being  produced  in  this  way.  If  this  prac- 
tice were  to  become  general  the  production  of  phosphoric  acid 
would  then  approach  that  of  sulfuric  acid.  It  is  improbable 
that  sulfuric  acid  will  ever  be  entirely  replaced  by  phosphoric 
acid  in  the  manufacture  of  phosphatic  fertUizers,  but  the 
possibilities  in  this  direction  and  the  many  other  uses  for 
which  it  is  now  being  employed  emphasize  the  potential 
future  importance  of  commercial  phosphoric  acid. 

Two  methods  are  now  being  employed  for  the  preparation 
of  phosphoric  acid  of  commercial  grade.  The  older  of  these 
methods  consists  in  treating  bones  or  phosphate  rock  with  suf- 
ficient sulfuric  acid  to  set  free  the  phosphoric  acid.  The  other 
method,  which  is  of  comparatively  recent  development,  de- 
pends on  volatilizing  the  acid  from  phosphate  rock  by  ignit- 
ing with  sand  and  coke  at  a  high  temperature  in  an  electric' 

•  Received  February  28,  1922.  Presented  at  the  37th  Annual  Meeting 
of  the  Association  of  Official  Agricultural  Chemists,  October  24,  1921,  and 
printed  by  courtesy  of  the  Journal  of  that  Association. 

•  I'ublished  by  permission  of  the  Secretary  of  Agriculture. 

•  W.  H.  Ross,  J.  N.  Carothers  and  A.  R.  Men.  This  Journal,  9  (1917), 
26:   J.  N.  Carothers,  Ibid..  10  (1918),  3.5. 


or  other  furnace.''  In  experiments  that  were  made  some  time 
ago  by  the  Bureau  of  Soils  it  was  found  that  the  Cottrell 
precipitator'  could  be  applied  very  effectively  to  the  collec- 
tion of  the  volatilized  acid  and  this  process  of  recovery  is 
now  in  commercial  use. 

In  the  manufacture  of  superphosphate  by  the  sulfuric  acid 
process  the  rock  is  ordinarily  treated  with  only  sufficient 
acid  to  form  the  monocalcium  phosphate.  No  attempt  is 
made  to  separate  the  calcium  sulfate  that  is  formed  in  the 
reaction  and  the  marketed  product  is  therefore  lower  in 
phosphoric  acid  than  the  original  rock  from  which  it  is  pre- 
pared. Most  of  the  other  materials  that  are  now  used  in 
fertilizers  are  also  low  grade  and  the  practice  has  therefore 
developed  of  making  only  low-grade  mixtures  for  use  in  the 
fertilizer  trade.  The  use  of  high-grade  materials  under 
present  conditions  would  add  to  the  cost  of  manufacture, 
inasmuch  as  filler  would  then  have  to  be  added  to  make  a 
fertilizer  of  desired  grade.  It  is  recognized,  however,  that 
if  aU  the  standard  fertilizing  elements  could  be  obtained  in 
concentrated  form  it  would  then  be  advantageous  to  make  at 
least  some  high-grade  fertilizers  to  supply  the  demand  of  dis- 
tant markets.  A  source  of  the  nitrogen  for  such  concentrated 
mixtures  is  furnished  by  the  fixation  of  nitrogen  in  the  form 
of  ammonia.  When  this  is  neutraUzed  with  phosphoric  acid 
a  concentrated  product  is  obtained  which  contains  two  of  the 
three  essential  constituents  of  a  complete  fertiUzer.  By 
mixing  this  salt  wth  other  concentrated  materials,  such  as 
ammonium  nitrate  and  potassium  phosphate  or  sulfate,  it 
is  possible  to  prepare  a  concentrated  fertilizer  having  any 
desired  proportion  of  the  fertiMzing  elements. 

In  a  study  of  the  preparation  and  apphcation  of  concen- 
trated fertilizers,  it  was  found  necessary  as  a  preliminary 
step  to  develop  suitable  methods  for  the  analysis  of  these 
materials  and  particularly  of  the  phosphoric  acid  used  in  their 
preparation.  It  was  found  that  the  methods  that  are  ap- 
pUcable  to  the  determination  of  many  of  the  constituents  of 
phosphatic  materials  Uke  phosphate  rock  cannot  be  appUed 
to  the  analysis  of  phosphoric  acid  unless  the  latter  is  first 
neutraUzed  with  an  alkaUne  earth  base.  This  procedure, 
however,  gives  a  very  bulky  precipitate  which  so  dilutes  the 
constituents  to  be  determined  as  to  increase  greatly  th^ 
error  of  analysis. 

■*i  An  attempt  was  therefore  made  to  concentrate  and  sepa- 
rate the  constituents  to  be  analyzed  from  the  excess  of  free 
acid  by  precipitation  or  volatilization  of  the  former,  or  to 
determine  them  directly  in  the  acid  by  volumetric  or  colori- 
metric  methods.  By  applying  one  or  the  other  of  these  pro- 
cedures it  was  found  possible  to  devise  or  adapt  methods  for 
the  determination  of  all  the  ordinary  constituents  of  phos- 
phoric acid  with  the  exception  of  the  alkalies.  For  the  anal- 
ysis of  these  constituents  it  was  found  necessary  to  separate 
the  element  to  be  determined  from  the  phosphoric  acid  by 
the  opposite  procedure  of  precipitating  the  latter. 

In  Table  I  are  given  results  that  have  been  obtained  in  the 
analysis  of  samples  of  phosphoric  acid  that  have  been  pre- 
pared from  bones  and  from  phosphate  rock  by  the  sulfuric  acid 
method  and  also  of  acid  prepared  from  phosphate  rock  by 
the  volatilization  method.  Three  of  the  samples  are  of 
"raw"  phosphoric  acid,  while  the  remaining  samples  repre- 

'  W.  H.  Waggaman   and   T.  H.  Turley,   Ihid.    IS  0920),  648:     Chrm 
Met.  Rnit.,ia  (1920),  1057. 


534 


SAMfLE      Source 

1  Phosphate 

rock 

2  Phosphate 

rock 

3  Phosphate 

rock 


Phosphate 

rock 
Phosphate 

rock 

Phosphate 

rock 
Bones 
Bones 
Phosphate 

rock 
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rock 
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Table  I — Composition  op  Commercial  Phosphoric  Acid 


Vol.  14,  No.  6 


Method  of 
Preparation 

Sulfuric  acid 

Sulfuric  acid 
Volatilization 
and  recovery 
by       absorp- 
tion in  water 

Sulfuric  acid 

Sulfuric  acid 

Sulfuric  acid 
Sulfuric  acid 
Sulfuric  acid 
Volatilization 
and  recovery 
by  Cottrell 
precipitator 
Volatilization 
and  recovery 
by  Cottrell 
precipitator 


Quality 
Raw 
Raw 

Raw 

Refined 

Refined 

Refined 
Refined 
Refined 


Specific 
Gravity 

1 . 4606 

1.2371 

1.542S 

1.4123 

1.4221 

1.3261 
1.3805 
1.2309 


Concen- 
tration Na 

Per  cent  Per 

H:PO«  cent 

53.47  0.20 

27.60  0.76 


69.99  0.13 

55.20  0.41 

55.12  0.35 

39.40  0.06 

52,27  0.16 

32.15  0.53 


—Constituents  Present  on  Basis  of  50  Per  cent  Concentration ■ — .^ 

Total 
Sas 

K        Ca         Fe         Al         Mn                                    H2SO4    HCl  HF  Total 

Per      Per       Per        Per        Per         Pb       ASjOs"       Per        Per  Per  Per 

cent    cent     cent      cent      cent    P.p. m.  P.p. m.      cent      cent  cent  cent 

Trace  0.14     1.21     0.66     0.126         9         2.0         0.47     0.012  0.20  3.02 

0.08     1.20     1.88     1.22     0.149         0         1.0         0.65     0.027  1.54  7.36 


0.04  0.04  0.18  0.27  0.004 
0.12  Trace  0.19  0.10  0.155 
Trace  0.16     0.34     0.23     0.34S 


0.03  0.14  1.00  1.25  0.1S4 
Trace  0.20  0.50  0.11  0.014 
Trace  1.36     0.84     0.19     0.021 


4 

1.0 

0.27 

0.013 

0.19 

1.13 

7 

0.75 

0.46 

0.044 

0.05 

1.53 

4 

1.0 

0.13 

0.035 

0.11 

1.70 

14 

1.0 

1.25 

0.012 

0.96 

4.89 

0 

2.5 

0.42 

0.003 

0.04 

1.45 

9 

1.0 

0.28 

0.023 

0.14 

3.39 

Refined      1.3955       56.89       0.10       0.16     0.00     O.OS     0.04     0.005       12 


Refined      1.6310 
»  Analyses  by  R.  M.  Hann,  Bureau  of  Chemistry. 


79  50       0.12       0.18     Trace  0.17     0.06     0.004 


1.0         0.09     0.000     0,02     0.50 


0.5         0.07     0.000     0.01     0.61 


sent  commercial  acids  from  different  sources  that  have  been 
refined  or  treated  for  the  elimination  of  certain  impurities. 
The  concentration  of  the  different  samples  varied  from  27.6 
to  79.5  per  cent  H3PO4.  In  order  that  the  results  might  be 
comparable,  the  values  obtained  for  each  sample  were  re- 
calculated on  the  basis  of  a  common  concentration  of  50  per 
cent  acid. 

A  comparison  of  the  results  given  in  Table  I  will  show  that 
the  volatOized  acids  are  relatively  low  in  such  nonvolatile 
constituents  as  calcium,  iron,  aluminium,  and  manganese. 
The  lead  found  in  the  different  acids  no  doubt  arises  by  con- 
tamination from  lead  containers  with  which  the  acid  comes  in 
contact  either  during  or  after  its  preparation,  and  the  amount 
present  is  therefore  not  characteristic  of  any  special  make  of 
acid.  The  same  remark  also  applies  to  the  presence  of  sul- 
fur. In  the  volatihzed  acids  this  originates  from  the  sulfur 
in  the  coke  used  in  smelting  the  rock  and  in  the  other  acids 
from  the  sulfuric  acid  used  in  their  preparation.  Raw  acid 
prepared  from  bones  is  relatively  low  in  chlorine  and  fluorine 
but  the  content  of  these  constituents  in  other  unrefined  acids 
seems  to  depend  more  on  the  composition  of  the  phosphate 
rock  used  than  on  the  process  used  in  the  preparation  of  the 
acids. 

In  the  investigation  that  was  made  by  the  Bureau  of  SoOs' 
on  the  volatilization  and  recovery  of  phosphoric  acid  it  was 
predicted  that  raw  acid  prepared  by  smelting  phosphate 
rock  in  an  electric  furnace  and  collecting  the  fumes  in  a  Cot- 
trell precipitator  would  probably  be  of  superior  quahty  to  that 
prepared  from  phosphate  rock  by  the  sulfuric  acid  method. 
The  samples  Usted  in  Table  I  do  not  represent  all  the  plants 
that  produce  phosphoric  acid  in  this  country,  and  it  is  pos- 
sible, notwithstanding  the  care  that  was  taken  to  obtain 
average  samples,  that  some  of  those  analyzed  may  not  be 
representative.  The  results  on  the  whole  indicate,  however, 
that  volatilized  acid  that  has  been  collected  in  a  Cottrell 
precipitator  and  treated  if  necessary  for  the  removal  of  certain 
volatile  impurities  is  at  least  of  an  equal  grade  of  purity 
with  any  commercial  acid  on  the  market. 

Accuracy  op  Methods  of  Analysis 

In  testing  and  devising  methods  for  the  analysis  of  phos- 
phoric acid,  special  efforts  were  made  to  develop  methods 
which  would  not  only  give  results  of  reasonable  accuracy  but 
wkich  were  also  sufficiently  rapid  to  admit  of  being  apphed 
in  factory  control  work.    Most  of  the  methods  that  were 


finaOy  adopted  are  thought  to  be  sufficiently  rapid  to  meet 
the  latter  requirement,  and  the  accuracy  of  all  was  tested 
by  the  analysis  of  samples  prepared  by  adding  known 
amounts  of  salts  to  C.  P.  phosphoric  acid. 

Table  II  shows  the  composition  of  three  of  these  synthetic 
samples  which  were  prepared  in  imitation  of  the  commer- 
cial samples  2,  8,  and  10  in  Table  I.  In  the  preparation  of 
the  samples  for  analysis,  weighed  amounts  of  calcium  car- 
bonate, ferric  phosphate,  aluminium  phosphate,  manganese 
carbonate,  sodium  chloride,  and  lead  nitrate  were  dissolved 
in  100  cc.  of  hot  phosphoric  acid  (1,71  sp.  gr.),  cooled,  and 
made  up  to  the  mark  in  a  1000-cc.  flask,  from  which  ahquot 
portions  were  taken  for  the  analysis  of  the  constituents  added. 
The  samples  were  prepared  by  one  of  the  authors  and  analyzed 
by  the  other  two  without  previous  knowledge  of  their  compo- 
sition. Blank  corrections  were  apphed  when  it  was  neces- 
sary to  correct  for  impurities  in  the  reagents.  Lead  in  par- 
ticular was  found  to  occur  in  many  C.  P.  chemicals.  Thus, 
analyses  of  several  samples  of  C.  P.  phosphoric  acid  obtained 
from  different  sources  showed  a  lead  content  varying  from 
•32  to  41  p.  p.  m.,  or  more  than  was  found  in  any  of  the  com- 
mercial samples. 

Table  II — -ANAtYSEs  op  Prepared  Samples  op  50  Per  cent  Phosphoric- 
Acid 
(Results  expressed  in  percentages,  except  in  case  of  lead,  which  is  in  p.  p,  m.) 
Sample  1  Sample  2  Sample  3 

Constituents         Added     Found      Added     Found     Added      Found 

Calcium,  Ca 1.20  1.21  1,40         1,43         O.OS         0.05 

Iron.Fe  2.00         2,03         0.75         0,79         0.20         0.22 

Aluminium,  Al> 1.20         1.27         0,20         0,21         0,05         0.043 

Aluminium,  Al! 1,20  1,25         0,20         0,22         0.05         0.047 

Manganese,  Mn 0.15         0.14         0.020       0.023       0.004       0.005 

Hydrogen      chloride, 

HCl     0.030       0.029       0.020       0.021       0.0  0.0 

Lead.Pb 0.0  0,5  75  72  10  11 

1  Iron  and  aluminium  separated  with  sodium  hydroxide, 
'  Iron  and  aJuminium  separated  with  sodium  thiosulfate  and  ammoniunp 
acetate. 

Methods  of  Analysis 

An  outline  of  the  methods  used  in  the  analysis  of  the- 
samples  listed  in  Tables  I  and  II  is  as  follows: 

Preparation  of  Sample 

Weigh  from  100  to  400  g.  of  the  acid,  depending  on  its  concen- 
tration and  purity,  into  a  1000-cc.  flask,  dilute  with  water,  warm 
if  necessary  until  the  solution  becomes  clear,  cool,  and  make  up 
to  the  mark.     Designate  this  as  Solution  A. 

Sodium  and  Potassium 

Transfer  an  aliquot  portion  of  Solution  A,  containing  about  5  g. 
of  the  acid,  to  a  250-cc.  flask.     Make  alkaline  with  ammonia  as. 
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indicated  with  litmus,  heat  to  boiling,  add  sufficient  calcium  chlo- 
ride in  solution  to  precipitate  all  the  phosphate,  cool,  make  up  to 
the  mark,  allow  to  settle,  and  determine  sodium  and  potassium 
in  an  aliquot  part  of  the  clear  solution  by  the  platinum  chloride 
method  in  tlie  usual  way. 

Calcium 

Transfer  an  aliquot  part  of  Solution  A,  containing  5  to  20  g. 
of  the  acid,  into  a  250-cc.  beaker,  add  10  cc.  of  sulfuric  acid 
(1  :  4),  dilute  to  50  cc.  add  150  cc.  of  95  per  cent  ethyl  alcohol 
or  methanol  and  allow  to  stand  until  the  precipitate  has  settled.' 
Filter,  wash  with  50  per  cent  alcohol,  transfer  precipitate  and 
filter  paper  to  a  150-cc.  beaker,  dissolve  the  precipitate  in  hot 
dilute  hydrochloric  acid,  make  alkaline  with  ammonia,  acidify 
again  with  30  per  cent  acetic  acid  using  a  few  cc.  in  excess, 
precipitate  calcium  with  ammonium  o.xalate  in  the  usual  way, 
filter,  wash,  ignite  to  CaO,  and  weigh. 

A  method  that  is  frequently  recommended  for  the  determina- 
tion of  calcium  in  phosphate  rock  by  precipitating  as  the  o.xalate 
in  the  presence  of  iron  and  aluminium  in  citric  acid  solution  was 
found  to  give  unsatisfactory  results  when  applied  to  the  analy- 
sis of  phosphoric  acid. 

Iron 

Transfer  an  aliquot  part  of  Solution  A,  containing  5  to  10  g. 
of  the  acid,  to  a  250-cc.  beaker,  dilute  to  about  200  cc,  add  15  cc. 
sulfuric  acid  (1  :4),  pass  through  a  Jones  reductor  and  determine 
the  iron  in  the  usual  way  by  titrating  with  standard  potassium 
permanganate  solution. 

Aluminium 

Transfer  an  aliquot  part  of  Solution  A,  containing  2  to  10  g. 
of  acid,  to  a  250-cc.  beaker.  Add  sufficient  calcium  as  calcium 
chloride  to  make  the  diphosphate  and  about  10  per  cent  in  ex- 
cess. Dilute  to  about  200  cc,  heat  to  boiling,  and  pour  slowly 
with  stirring  into  a  500-cc.  flask  containing  a  hot  10  per  cent 
solution  of  sodium  hydroxide  of  sufficient  volume  to  make  the 
mixttire  strongly  alkaline.'  Cool,  make  up  to  the  mark,  allow 
to  settle,  or  filter  and  transfer  an  aliquot  part  of  the  clear  solution 
to  a  400-cc.  beaker;  acidify  with  dilute  hydrochloric  acid  (1  '.4), 
using  the  minimum  amount  necessary  to  dissolve  the  precipitate 
that  forms  during  the  addition  of  the  acid.  Heat  to  boiling, 
add  1  g.  of  sodium  thiosulfate  in  solution,  boU  for  about  20  min., 
add  15  cc.  of  a  50  per  cent  ammonium  acetate  solution  contain- 
ing 5  cc.  of  glacial  acetic  acid,'  boU  for  about  5  min  longer,  filter 
hot,  wash,  ignite,  and  weigh  as  AlPO,. 

The  aluminium  in  phosphoric  acid  may  also  be  determined  as 
follows: 

Transfer  an  aliquot  portion  of  Solution  A,  containing  2  to  10  g. 
of  acid,  to  a  600-cc.  beaker,  dilute  to  about  400  cc,  heat  to  near 
boiling,  add  ammonia  if  necessary  until  a  permanent  precipitate 
forms,  and  clear  with  the  minimum  quantity  of  dilute  hydro- 
chloric acid.  Add  2  to  10  g.  of  sodium  thiosulfate,'  depending 
on  the  amount  of  aluminium  present,  boil  for  about  20  min.  and 
precipitate  aluminium  with  ammonium  acetate  and  acetic  acid 
as  in  the  preceding  method.  On  filtering,  transfer  the  filter  pa- 
per containing  the  precipitate  to  the  same  beaker,  dissolve  in  a 
little  hot  hydrochloric  acid,  dilute  to  about  300  cc,  heat  to  near 
boiling,  adjust  the  acidity  as  before  the  first  precipitation, 
add  a  little  sodium  thiosulfate  in  solution,  boil,  and  reprecipitate 
as  before.     Filter,  wash,  ignite,  and  weigh  as  AIPO4 

Unless  carried  out  properly  this  method  is  likely  to  carry  down 
iron  and  manganese  along  with  the  aluminium,  and  it  make."!  no 
provision  for  the  removal  of  such  elements  as  titanium  and  zirco- 
nium, if  present.  It  is  therefore  not  as  satisfactory  a  method  as 
the  one  first  described. 

Manganese 

Transfer  an  aliquot  part  of  Solution  A,  containing  5  to  10  g.  of 
the  acid,  to  a  100-cc.  flask,  dilute  with  water,  add  20  cc.  of  con- 
centrated nitric  acid,  heat  to  boiling  and  add  sufficient  of  a  1  per 
cent  silver  nitrate  solution  to  precipitate  all  the  chlorine,  using 
an  excess  of  about  3  cc,  boil  until  the  precipitate  coagulates,  cool, 
make  up  to  the  mark,  transfer  an  aliquot  portion  of  the  clear 
solution  to  a  150-cc  beaker,  dilute  to  100  cc,  heatto  80°,  add  1  to 
2  g.  of  ammonium  persulfate,'"  stir,  and  allow  to  settle  until  cool. 
Place  in  a  100-cc.  Nessler  tube  and  match  the  color  in  a  Hurley- 
Kennicott  colorimeter  with  a  standard  potassium  permanganate 

•  J.  W.  Mellor,  "A  Treatise  ou  Quantitative  InorKanic  Analysis,"  607. 
'  A.  A.  Blair,  "The  Chemical  Analysis  of  Iron  and  Steel,"  7th  edition, 

264. 

•  A.  A.  Blair,  Loc.  cit.,  265. 

•  J.  E.  Stead,  J.  Soc.  Chem.  Ir^d..  8  (1889),  965. 

"H.  E.  Walters,  Chem.  News,  84  (1901).  239;  W.  F.  HiUebrand, 
"The  Analysis  of  Silicate  and  Carbonate  Rocks,"  U.  S.  Ceol.  Sun.,  Bull. 
700,  137. 


of  a  stronger  color  than  the  solution  analyzed  but  not  more  than 
five  times  as  strong.  Standard  permanganate  solutions  of  0.01  N 
and  0.001  AT  will  usually  be  found  to  furnish  a  sufficient  range  of 
color.  When  the  colors  are  matched,  the  manganese  per  cc.  of 
the  standard  solution  used,  multiplied  by  the  reading  of  the  tube 
containing  the  standard  solution,  gives  the  manganese  in  the 
aliquot  portion  of  the  solution  taken  for  analysis.  If  too  much 
or  too  little  silver  nitrate  is  used  in  this  determination  the  per- 
manganate color  will  not  develop  properly  and  it  is  therefore 
important  that  the  directions  given  for  the  use  of  this  reagent 
be  followed  rather  closely.  ^^ 

Lead 

Transfer  an  aliquot  part  of  Solution  A,  containing  5  to  15  g. 
of  acid,  to  a  250-cc.  beaker,  add  10  cc.  of  sulfuric  acid  (1  :  4),  and 
about  1  g.  of  calcium  sulfate  in  the  form  of  a  paste.  Precipitate 
calcium  and  lead  as  in  the  Chittick"  method  for  determining  lead 
in  baking  powder  by  the  addition  of  sufficient  95  per  cent  alcohol 
(ethyl  or  methyl)  to  make  a  70  per  cent  solution.  Let  stand 
until  the  precipitate  begins  to  settle,  filter,  and  wash  with  70 
per  cent  alcohol.  Transfer  filter  paper  and  precipitate  to  a 
150-cc.  beaker,  add  50  cc.  of  an  alkaline  ammonium  acetate  solu- 
tion prepared  by  diluting  one  volume  of  ammonium  hydroxide 
(sp.  gr.  0.90)  with  an  equal  volume  of  water  and  then  pouring 
into  two  volumes  of  35  per  cent  acetic  acid.  Boil  for  a  few  min- 
utes, decant  through  a  filter  into  a  200-cc.  flask,  digest  the  resi- 
due again  with  a  fresh  portion  of  the  ammonium  acetate  solution, 
and  repeat  a  third  time  or  until  the  greater  portion  of  the  calcium 
sulfate  has  been  dissolved.  Cool  the  combined  filtrates,  acidify 
with  acetic  acid,  make  up  to  the  mark,  transfer  an  aliquot  portion 
to  a  Nessler  tube,  add  10  cc.  of  a  saturated  hydrogen  sulfide 
solution,  and  calculate  the  lead  present  from  the  amount  added 
to  a  standard  solution,  which  matches  it  in  color.  When  pre- 
paring the  standard  solution  add  to  each  tube,  before  the  addition 
of  the  hydrogen  sulfide,  the  same  quantity  of  reagents'^  as  used 
in  the  analysis  of  the  sample.  If  the  tint  of  the  unknown  sample 
differs  from  that  of  the  standard,  ignite  the  precipitated  calcium 
and  lead  sulfates  below  redness  before  digesting  with  the  ammo- 
nium acetate  solution. 

Arsenic 

Weigh  5  g.  of  the  original  acid  into  the  generating  flask  of  the 
apparatus  used  for  the  determination  of  arsenic  by  the  Gutzeit" 
method  and  complete  the  determination  in  the  usual  way,  omit- 
ting the  addition  of  the  potassium  iodide  solution. 

Total  SuLFtnt 

Transfer  an  aliquot  part  of  Solution  A,  containing  about  10  g. 
of  acid,  to  a  250-cc.  beaker,  dilute  with  water,  add  10  cc.  of 
dilute  hydrochloric  acid,  oxidize  with  bromine  water,  boil  off 
excess  of  bromine,  and  precipitate  sulfates  with  barium  chloride 
in_the  usual  way. 

Chlorine 

Transfer  an  aliquot  portion  of  Solution  A,  containing  2  to  5  g. 
of  the  acid,  to  a  150-cc.  beaker,  dilute  to  100  cc,  and  add  5  cc. 
of  concentrated  nitric  acid.  Prepare  a  set  of  standard  solutions 
containing  from  0.5  to  5.0  cc.  of  a  0.1  N  sodium  chloride  solution, 
and  add  to  each  5  cc.  of  concentrated  nitric  acid  and  C.  P.  phos- 
phoric acid  equivalent  to  that  in  the  sample  taken  for  analysis. 
Add  to  each  solution  2  cc.  of  a  1  per  cent  silver  nitrate  solution 
and  calculate  the  chlorine  in  the  imknown  sample  from  the  so- 
dium chloride  content  of  the  standard  solution  which  matches  it 
in  turbidity.  It  is  important  that  the  comparisons  should  be 
made  before  any  appreciable  darkening  of  the  silver  chloride 
occurs. 

Fluorine 

Weigh  about  10  g.  of  the  original  acid  into  a  casserole  or  evap- 
orating dish,  dilute  somewhat  with  water,  and  add  a  thin  paste 
of  milk  of  lime  until  a  permanent  pink  color  is  obtained  with  phe- 
nolphthalein.  Evaporate  to  dryness  on  the  water  bath  and 
ignite  at  300°  to  400°  for  about  an  hom-,  cool,  weigh,  and  transfer 
to  a  stoppered  bottle.  Determine  fluorine  in  1  to  5  g.  of  the  dried 
residue  by  the  Wagner- Ross  method."  This  method  was  found 
to  give  low  results  when  u,sing  the  distilling  flask  represented  in 
the  original  description  of  the  method,  but  good  results  were  ob- 
tained by  a  modification  of  the  apparatus  which  will  be  described 
in  a  future  paper. 

>>  J.  Assoc.  Official  Asr.  Chem.,  4  (1920),  218. 

^*  Ammonium  acetate  has  little  or  no  effect  on  the  depth  of  color  that 
develops  in  this  test  and  its  addition  to  the  standard  solutions  may  therefore 
be  omitted  if  that  used  in  the  determination  is  known  to  be  entirely  lead-free. 

"  Assoc.  OQiclal  Agr.  Chem.,  "Methods  of  Analysts,"  2nd  edition, 
1920,  147. 

"  This  Journai.,  9  (1917),  1116. 
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Studies  on  the  Nitrotoluenes 

VIII — Binary  Systems  of  w-Nitrotoluene  with  Another  Mononitrotoluene 

By  James  M.  Bell-  and  Joseph  L.  McEwen 

UNrvERSITY    OF    NORTH    CAROLINA,    ChaPEL    HILL,    NOKTH    CAROLINA 


THIS  paper  contains  the  data  and  the  curves  for  the 
binary  systems  of  m-nitrotoluene  with  o-nitrotoluene 
and  with  p-nitrotoluene.  The  data  and  curve  for 
the  binary  system  of  o-nitrotoluene  with  p-nitrotoluene  have 
already  been  given  in  the  fifth  paper  of  this  series,  by  Bell, 
Cordon,  Spry  and  White.' 

The  effect  of  other  components  on  the  freezing  point  of 
w-nitrotoluene  has  been  studied  by  Jona,''with  a  range  never 
over  6  per  cent  of  the  second  component. 

Mensohutkin'  has  made  a  complete  study  of  binary  sys- 
tems of  m-nitrotoluene  with  a  halide  of  antimony  and  found 
a  compound  (1  : 1)  in  two  cases. 

In  a  recent  paper,  Gibson,  Duckman  and  Fairbaim^ 
have  given  data  for  the  system  m-  and  p-.  A  brief  compari- 
son of  their  results  with  the  present  results  is  given  below. 

In  the  first  stage  in  the  nitration  of  toluene,  aU  the  three 
isomers,  o-,  m-,  and  p-,  are  formed.  Such  mixtures,  of  course, 
caimot  be  analyzed  by  direct  methods.  Consequently  it 
becomes  necessary  to  resort  to  some  indirect  means.  This 
can  easily  be  accomplished,  for  example,  by  preparing  a  chart 
of  the  freezing  points  of  different  mi.xtures  of  the  compounds. 
Then,  in  order  to  analyze  a  sample  mixture,  it  is  necessary 
only  to  determine  the  freezing  point  of  the  sample  in  ques- 
tion, and  refer  directly  to  the  chart.  The  value  and  use  of 
such  curves  and  charts  are,  therefore,  quite  obvious. 

>  Received  March  13,  1922. 

•  Professor  of  Physical  Chemistry,  University  of  North  Carolina. 

•  This  Journal,  13  (1921),  59. 

«  Gazz.  chim.  Hal.,  39,  U  (1909),  289. 

•  J.  Russ.  Phys.  Chem.  Soc,  44  (1912).  1939,  from  C.  A.,  7  (1913),  1176. 

•  J.  Chem.  Soc,  121  (1922),  270. 
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Purification  of  Compounds 

Crude  p-nitrotoluene  was  recrystallized  several  times  from 
solutions  in  hot  alcohol  and  benzene.  It  was  filtered  by 
suction  and  allowed  to  dry  in  a  warm  place.  A  constant 
melting  point  of  51.3°  (cor.)  accorded  well  with  the  earlier 
work. 

m-Nitrotoluene  was  obtained  in  a  pure  form  from  the 
Eastman  Kodak  Company  of  Rochester,  N.  Y.  The  melt- 
ing point  of  this  compound  was  found  to  be  constant  at 
15.53°  (cor.). 

o-Nitrotoluene  was  purified  by  partly  freezing  the  liquid, 
decanting  off  the  remaining  liquid,  allowing  the  crystals  to 
melt,  and  again  partly  freezing. 

By  this  process  of  fractional  crystallization  the  impurities 
were  left  in  the  unfrozen  hquid  and  were  thus  removed.  This 
was  done  repeatedly  unto  a  constant  melting  point  of  —10.37° 
(cor.)  was  obtained  for  the  metastable  form.  The  melting 
point  of  the  stable  form  was  found  to  be  —4.31°  (cor.). 
These  values  agree  very  well  with  the  work  done  before. 

Experimental  Procedure  and  Results 

The  weighed  material  whose  melting  point  was  to  be  dsr- 
termined  was  placed  in  an  8-in.  test  tube  and  provided  with 
a  looped-glass  stirrer  and  a  thermometer,  graduated  in  0.1°. 
This  test  tube  was  placed  in  a  larger  tube,  in  order  to  pro- 
vide an  air  bath,  and  the  whole  was  immersed  in  a  bath  which 
was  approximately  10°  below  the  freezing  point  of  the  mix- 
ture.   Readings  of  the  temperature  were  taken  at  regular 
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intervals  and  the  points  were  plotted. 
For  temperatures  above  —15°,  ice 
and  salt  were  used,  but  for  the 
lower  temperatures,  necessary  in  the 
binary  system  of  m-nitrotoluene  with 
o-nitrotoluene,  solid  carbon  dioxide 
was  used. 

In  the  binary  system  of  wi-nitro- 
toluene  with  p-nitrotoluene,  the 
eutectic  temperature  was  found,  by 
experiment,  to  be  —2.8°,  corre- 
sponding, from  the  chart,  to  about 
37  per  cent  of  p-nitrotoluene. 

In  the  case  of  the  binary  system 
of  w!-nitrotoluene  with  o-nitrotol- 
uene, the  eutectic  temperature  was 
found  by  experiment  to  be  —31.65°, 
corresponding,  from  the  chart,  to 
about  48  per  cent  of  w-nitrotoluene. 
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Per  cent 

by  Weight 

Freezing  Point 

Meta 

Para 

"  C.  (Cor.) 

100.00 

0.00 

15.53 

96.005 

3.995 

13.74 

92.242 

7.7.58 

11.96 

86.02 

13.98 

+8.97 

66.8 

33.2 

-0.61 

60.25 

39.75 

+  2.8 

50.16 

49.84 

16.48 

42.11 

.■^7.89 

24.25 

34.12 

65.88 

30.2 

21.44 

78.56 

39.42 

10.76 

89.24 

46.24 

0.00 

100.00 

51.3 

Explanation  and  Discussion 

SupcrcooUng  was  encountered  regularly  in  the.sc  systems. 
Some  investigators,  in  working  upon  the  freezing  points  of 
binary  mixtures,  have  taken  the  point  at  which  crystals  first 
appeared  as  the  true  freezing  point.  Otliers  have  chosen  the 
maximum  point  of  crystallization  as  the  correct  point.  But, 
as  has  been  shown  in  the  third  paper  of  this  series,  by  Bell 
and  Herty,'  both  of  these  methods  arc  crroncou.s.  The  true 
freezing  point  of  such  a  mixture  can  be  obtained  only  by 

'  This  Jouknai.,  11  (1919),  1124. 
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NARV   System:  m-NiTROTOLUENB  with  o- 

Per  cent  by  Weight 

Freezing  Point 

Meta 

Ortho 

"  C.  (Cor.) 

MetastahU  Form 

0.00 

100.00 

-10.37 

5.29 

94.71 

-12.66 

9.52 

90.48 

-14.76 

16.83 

83.17 

SlabU  Form 

-19.3 

8.86 

91.14 

-8.42 

19.90 

80.10 

-14.11 

25.74 

74.26 

-17.3 

38.65 

61.35 

-24.57 

50.09 

49.91 

-22.88 

55.02 

44.98 

-13.41 

63.65 

36.35 

-  6.1 

73.89 

26.11 

+    1.8 

84.. 59 

15.41 

8.43 

100.00 

0.00 

15.53 

extrapolating  that  portion  of  the  curve  representing  freezing 
liquid,  back  to  the  portion  representing  cooling  liquid. 
This  is  the  method  that  is  here  used  in  obtaining  the  true 
freezing  points. 

An  examination  of  Fig.  1  will  serve  to  make  this  more  clear. 
A  is  the  point  at  which  crystallization  began;  B  the  maximum 
temperature  of  crystallization;  and  C  the  correct  freezing 
point  obtained  by  extrapolation.    All  of  the  points  that  have 
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been  used  in  plotting  the  curves  for  these  binary  mixtures 
were  obtained  in  this  way.  For  the  sake  of  simpUcity  only  a 
few  of  the  readings  taken  have  been  indicated. 

Fig.  1  corresponds  to  point  No.  1,  Fig.  2  to  point  No.  2, 
etc.,  of  Fig.  A.  Similarly,  Fig.  la  corresponds  to  point  No.  1 
of  Fig.  B,  etc. 

In  the  binary  system  of  »j-nitrotoluene  with  p-nitrotoluene 
there  are  very  simple  conditions,  two  curves  meeting  in  a 
eutectic  point.  The  diagram  given  by  Gibson,  Duckham  and 
Fairbairn^  indicates  three  curves,  the  third  curve  being  very 
short  and  fiat,  and  corresponding  to  the  eutectic  temperature 
which  we  have  found.  It  seems  probable  that  the  freezing 
points  as  obtained  by  Gibson,  Duckham  and  Fairbairn 
are  too  low,  an  error  which  would  throw  both  the  main 
cur\'es  too  low.  Furthermore,  it  is  extremely  unUkely  that 
two  components,  as  similar  in  structure  as  these,  would 
form  a  binary  compound. 


In  the  binary  system  of  m-nitrotoluene  with  o-nitrotoluene, 
it  will  be  noticed  that  there  are  two  curves  on  the  o-nitrotol- 
uene side.  These  represent  the  stable  and  metastable 
forms.  The  soUd  lines  represent  conditions  which  were  at- 
tained. The  broken  lines  have  been  sketched  in  and  repre- 
sent conditions  wliich  were  not  attained  experimentally. 
The  curve  for  the  metastable  form  begins  at  —10.37°  and  de- 
scends roughly  parallel  to  that  of  the  stable  form.  It  can 
be  seen  from  the  projected  lines  that  if  it  were  possible  to 
reach  the  lower  eutectic,  it  would  probably  be  found  to  be 
about  —39°,  corresponding  to  about  46  per  cent  of  m-nitro-' 
toluene. 


This  Journal  has  been  given  information  concerning  two 
highly  recommended  Italians  who  are  desirous  of  representing 
American  companies  in  Italy  and  acting  as  their  agents  to  im- 
port  into   Italy  chemicals,   chemical  apparatus,   and   supplies. 
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Purification  of  Gases  from  Methane' 

By  G.  R.  Fonda"  and  H.  N.  Van  Aernem 

Research  Laboratory,  Generai,  Electric  Co..  Schenectady,  New  York 


In  the  following  paper  is  described  a  method  for  the  removal  of 
methane  from  inert  gases  to  be  used  in  incandescent  lamps.  The 
method  involves  the  decomposition  of  methane  into  carbon  and  hy- 
drogen by  passage  through  finely  divided  nickel  at  low  temperature 
(about  500°  C),  with  subsequent  removal  of  the  hydrogen  by  passage 
through  copper  oxide  at  500°.  The  passage  of  a  gas  containing  1 .5 
per  cent  methane,  for  example,  through  nickel  at  500°  reduces  the 
content  to  0.24  per  cent,  and  a  passage  through  a  second  series  lowers 
it  to  0.01  per  cent. 

The  advantage  in  the  use  of  nickel  rather  than  copper  oxide  alone 
is  that  a  lower  temperature  is  possible.  Under  the  same  conditions 
of  temperature  and  flow  an  equal  volume  of  copper  oxide  gives  less 
than  one-eighth  the  decomposition  caused  by  nick,el.  While  a  mix- 
ture of  nick.el  and  copper  oxide  will  give  equally  good  results,  it  has 
the  disadvantage  that  the  charge  must  be  renewed  upon  exhaustion  of 
the  copper  oxide.  Oxidation  of  the  exhausted  mass  leads  to  oxida- 
tion of  the  nickel  at  as  low  a  temperature  as  275°  C.  Nickel  oxide 
in  such  a  mixture  is  not  catalytic  and  the  mass  is  no  more  efficient 
than  copper  oxide  alone. 

It  has  been  established  by  experiment  that  the  constant  for  the 
reaction  obtained  by  Mayer  and  Altmayer  holds  fairly  closely  for 
the  reaction  at  the  low  partial  pressure  of  0.03  atmosphere. 

CONTROL  of  the  hydrocarbon  content  is  one  of  the 
essential  features  in  the  preparation  of  gas  for  use  in 
incandescent  gas-filled  lamps.  Whether  nitrogen  or 
argon,  it  must  be  free  from  such  substances  as  attack  the  tung- 
sten filament  or  lead  to  discoloration  of  the  lamp.  Of  the 
common  impurities  hydrogen  may  lead  to  destruction  of  the 
filament  and  blackening  of  the  bulb  through  the  formation 
of  moisture  from  whatever  oxides  are  present,  and  carbon 
monoxide  and  dioxide  cause  a  less  pronounced  discoloration, 
and  attack  the  filament  slightly.  All  of  these  three  gases  are, 
however,  readily  removable. 

Hydrocarbons  are  much  more  objectionable  impurities. 
They  decompose  in  contact  wth  a  glowing  tungsten  filament 
and  the  carbon  hberated  is  absorbed  by  the  tungsten  as  car- 
bide, which  in  very  small  amounts  renders  the  filament  ex- 
tremely brittle.  To  remove  them  from  the  gas  is  furthermore 
a  difficult  matter.  In  the  usual  procedure,  which  consists  in 
passage  of  the  gas  over  copper  oxide,  such  a  high  tempera- 
ture is  required  that  early  deterioration  of  the  enclosing  tube 
is  likely  to  take  place,  as  well  as  a  sintering  of  the  copper  oxide, 
which  makes  purification  stiU  more  difficult. 

It  was  with  the  aim  of  facilitating  the  purification  that  some 
experiments  were  made  with  nickel  as  a  catalyst  for  its  de- 
composition, a  reaction  which  it  was  thought  might  proceed 
readily  at  a  lower  temperature  than  is  possible  in  its  oxidation 
by  copper  oxide.  Such  a  reaction  was  studied  for  methane  at 
atmospheric  pressure  by  Mayer  and  Altmayer.^  They  de- 
veloped a  thermodynanuc  equation  for  expressing  the  extent 
of  the  decomposition  at  various  temperatures,  based  on  de- 
terminations of  the  equihbrium  constant  in  the  equation 

CH4  =  C-|-2H2. 

This  equilibrium  bears  on  the  present  problem,  for  methane 
is  formed  when  other  members  of  the  hydrocarbon  series 
are  heated  and  it  is  the  most  resistant  to  chemical  attack. 
Its  decomposition  by  nickel  seemed  to  be  particularly  ap- 

'  Received  February  9,   1922. 

^  Research  Chemist,  Research  Laboratory,  G.  E.  C, 

•  Ber.,  40  (1907),  2134. 


propriate  here  because  of  the  low  partial  pressure  which 
methane  would  have  as  an  impurity  in  a  neutral  gas.  The 
reaction  leads  to  an  increase  in  volume,  resulting  in  a  shift 
in  the  equihbrium  toward  greater  decomposition  as  the  pres- 
sure of  the  methane  is  reduced.  If  the  equation  given  by 
Mayer  and  Altmayer  holds  at  these  low  partial  pressures, 
it  promises  a  ready  purification  by  passage  of  the  gas  through 
nickel  at  a  low  temperature.  The  hydrogen  hberated  could 
be  removed  by  copper  oxide,  Hkewise  at  low  temperature. 

Experimental 

With  the  aim,  therefore,  of  investigating  this  equation,  an 
apparatus  similar  to  that  of  Mayer  and  Altmayer  was  made 
up  and  nitrogen  containing  about  2  per  cent  methane  was 
passed  through  the  nickel  catalyzer  and  the  equihbrium  in 
the  outcoming  gases  determined. 

Methane  was  made  by  the  aluminium  carbide  and  water 
reaction  and  diluted  with  nitrogen.  On  its  way  to  the  catalyst 
chamber  it  was  further  purified  by  passing  over  copper  and 
copper  oxide  at  280°  C.  to  remove  traces  of  hydrogen,  car- 
bon monoxide,  and  oxygen,  and  then  through  soda  lime, 
phosphorous  pentoxide,  and  sulfuric  acid. 

The  nickel  catalyzer  was  obtained  as  a  finely  divided  powder 
on  asbestos  feathers,  soaked  in  nickel  nitrate  and  heated  in 
hydrogen.  Three  cc.  were  prepared  in  a  quartz  tube,  and 
placed  inside  an  alundum  tube,  heated  electrically  by  two 
separate  windings,  one  occupying  the  middle,  and  the  other 
placed  on  the  ends  to  compensate  for  coohng.  The  ad- 
justment of  a  uniform  temperature,  as  weU  as  its  mainte- 
nance, were  secured  by  exploring  with  a  small  thermocouple. 
The  whole  was  packed  in  alumina. 

This  catalytic  chamber  was  followed  by  a  copper  oxide  fur- 
nace at  850°  C,  in  which  the  hydrogen  hberated  by  the  dis- 
sociation of  methane  over  the  nickel  was  burned  to  water. 
In  addition  the  undissociated  methane,  stable  at  equilibrium, 
was  completely  oxidized  to  water  and  carbon  dioxide. 

The  composition  of  the  original  mi.xture  was  found  by  pass- 
ing through  phosphorus  pentoxide  the  gas  which  came  from 
the  copper  oxide  furnace,  and  weighing  the  water,  which  cor- 
responded to  the  original  content  of  methane.  This  proved 
to  be  2.23  per  cent. 

The  composition  of  the  gas  at  equihbrium  was  determined 
from  the  carbon  dioxide  formed  in  the  copper  oxide  furnace 
by  passing  the  gas  through  0.2  A''  barium  hydroxide  solution. 
The  consumption  of  0.2  A'^  barium  hydroxide,  as  given  in  the 
table,  yields  then  the  partial  pressure  of  methane  stable  at 
equilibrium.  The  partial  pressure  of  hydrogen  was  calculated 
from  the  amount  of  methane  decomposed  by  the  catalyst. 
As  one  molecule  of  methane  yields  two  molecules  of  hydrogen 
the  latter  is  equal  to  twice  the  difference  between  the  original 
methane  content  and  that  stable  at  equilibrium. 

Because  of  the  fact  that  carbon  was  deposited  in  the  nickel 
and  might  contaminate  the  catalyst,  only  short  runs  were 
made.  In  order  to  measure  accurately  the  small  amounts 
of  gas  involved  the  emerging  gas  was  passed  into  a  large 
buret,  4  cm.  in  diameter  and  1.5  m.  long,  calibrated  for 
volume,  and  filled  with  water.  A  manometer  was  attached 
to  aid  in  maintaining  the  pressure  at  atmospheric  as  the  wa- 
ter flowed  out. 

The  thermodynamic  equation  of  Mayer  and  Altmayer  has 
the  following  form: 
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Const.  T  =  -  18.507  +  5.9934T  In  T  +  0.002936T2 


+  RT    In 


based  on  the  following  values : 


Heat  of  formation  methane  at  18°  =20,500  cal. 
Specific  heat  per  mole  hydrogen       =6.5  +  0.0006T 
Specific  heat  per  mole  methane        =9.106  (20-208°  C.) 
Specific  heat  per  atom  carbon  =2.0994  +  0.001736T 


2  3  4  5  6  7  S 

%CH^in  Orlqinol  Mixture 

Equilibrium    Pressures    op  Mbthanb  in    NitrogBn-Abgon   Mixtures 

Results  are  given  in  the  accompanying  table. 


Decomposition  of 

Methane 

(2.23  Per 

CENT  IN  NiTR 

OGEN)   BY  f 

ASSAGB 

OVER  3  Cc.  OP  Nickel-Asbestos 

0.2  A- 

Partial  Pressures 

Temp. 

Gas 

Flow  Cc. 

Ba(OH)i 

al  Equilibrium 

Con- 

°C. 

Liters 

Min. 

Cc 

CH. 

H. 

stant 

350 

0.465 

72.0 

1.60 

0.007S 

0.0296 

24.4 

550 

0.415 

36.8 

1.35 

0.0071 

0.0304 

24.2 

550 

0.415 

83.0 

1.66 

0.0087 

0.0272 

25.0 

550 

0.440 

45.5 

1.35 

0.0066 

0.0314 

23.9 

550 

Mean 

0.0075 

0.0296 

24.4 

440 

0.355 

51.2 

2.19 

0.0134 

0.0178 

23.0 

440 

0.380 

50.3 

2.20 

0.0126 

0.0194 

22.6 

440 

0.405 

58.2 

2.24 

0.0121 

0.0204 

22.3 

440 

0.460 

68.0 

2.15 

0.0102 

0.0242 

21.2 

440 

0.385 

56.2 

2.24 

0.0127 

0.0192 

22.6 

440 

0.400 

63.5 

2.16 

0.0118 

0.0210 

22.1 

440 

Mean 

0.0125 

0.0205 

22.3 

The  values  for  the  constant  show  very  close  agreement  at 
any  one  temperature,  well  within  the  limits  of  error  of  the 
previously  cited  experiments  at  atmospheric  pressure.  There 
is,  however,  a  consistent  difference  between  the  values  for 
550°  C.  and  for  440°  C.  As  the  conditions  were  the  same  in 
both  cases,  and  as  the  difference  is  in  the  opposite  direction 
from  what  would  be  expected  if  it  were  due  to  failure  to  reach 
equilibrium  at  the  lower  temperature,  there  would  seem  to  be 
some  significance  to  be  attached  to  it.  In  recent  years  the 
specific  heat  of  hydrogen  has  been  more  accurately  de- 
termined,* but  the  use  of  these  values  does  not  change  the 
relationship.    The  change  of  the  specific  heat  of  methane  with 

•  W.  Escher,  Ann.  Physik..  42  (1913),  761. 


temperature  is,  however,  still  unknown  and  also  the  effect 
of  low  pressure  on  the  specific  heats.  In  spite  of  these  un- 
certainties the  error  shown  in  the  values  of  the  constant  at 
these  two  temperatures  is  only  about  double  the  error  be- 
tween the  experiments  at  atmospheric  pressure. 

Mayer  and  Altmayer's  value  for  the  constant  of  21.6 
would  seem  therefore  to  be  sufficiently  close  to  23.3,  the  mean 
found  in  these  present  experiments,  to  indicate  that  the 
equation  as  stated  by  them  holds  at  least  fairly  closely  for  the 
reaction  at  the  low  partial  pressure  of  0.03  of  an  atmosphere. 

Passage  of  this  mixture  of  nitrogen  with  2  per  cent  meth- 
ane through  copper  oxide  alone  having  the  same  volume  as 
the  nickel  powder  yielded  less  than  one-eighth  the  extent 
of  decomposition  secured  by  the  nickel  under  the  same  con- 
ditions of  temperature  and  flow. 

To  demonstrate  more  particularly  the  advantage  of  the 
nickel  catalyst  in  eliminating  methane  impurities  from  inert 
gases,  the  equation  was  used  to  calculate  the  decomposition 
for  amounts  less  than  8  per  cent  methane,  and  at  temperatures 
ranging  up  to  800°  C.  For  the  constant  Mayer  and  Alt- 
mayer's value  of  21.6  was  taken.  The  results  are  given  in  the 
series  of  curves  in  the  attached  figure.  They  show,  for  in- 
stance, that  for  a  gas  containing  as  much  as  1.5  per  cent 
methane,  one  passage  through  nickel  at  500°  C.  reduces  its 
content  to  0.24  per  cent,  and  passage  through  a  second 
similar  series  lowers  it  still  further  to  0.01  per  cent.  In  each 
case  the  nickel  furnace  should  be  followed  by  one  containing 
copper  oxide,  also  at  500°  C,  to  remove  the  hydrogen  liber- 
ated. 

Instead  of  using  sequences  of  such  furnaces,  it  was  found 
that  a  mixture  of  nickel  and  copper  oxide  in  the  same  fur- 
nace secured  equally  good  results.  The  disadvantage  of 
such  an  arrangement,  however,  Ues  in  the  necessity  of  renew- 
ing the  charge  on  exhaustion  of  the  copper  oxide.  Oxidation 
of  the  exhausted  mass  was  found  to  lead  to  oxidation  of  the 
nickel  as  well  as  of  the  copper,  even  at  as  low  a  temperature 
as  275°  C.  Nickel  powder  was  found  to  be  oxidized,  though 
at  a  rate  less  than  one-ninth  that  of  copper  powder  of  the  same 
fineness.  In  such  a  mix'ture,  nickel  oxide  failed  to  exercise  any 
catalytic  function,  and  the  mass  was  found  to  be  no  more 
efficient  than  copper  oxide  alone  in  the  removal  of  methane. 


Cleaning  of  Museum  Exhibits 

Builetifi  5,  published  by  the  Department  of  Scientific  and 
Industrial  Research,  H.  M.  Stationery  Oflice,  London,  is  an 
interesting  account  of  investigations  conducted  at  the  British 
Museum  under  the  direction  of  Dr.  A.  Scott.  It  deals  with  the 
cleaning  and  restoration  of  such  museum  exhibits  as  prints  and 
enamels,  silver,  lead,  iron,  and  copper  articles,  and  prehistoric 
paintings  on  rocks. 

Brown  spots  on  prints,  the  result  of  growth  of  mold  fungi, 
are  best  removed  by  very  dilute  bleaching  agents.  Thymol 
and  similar  antiseptic  agents  have  given  promising  results  as 
mold  preventatives,  especially  when  aided  by  heat.  Brown 
stains  due  to  oils  or  varnishes  cannot  be  removed  by  bleaching 
agents,  but  yield  to  pyridine,  which  does  not  affect  the  paper. 

To  remove  the  crust  of  copper  oxides,  carbonates,  and  oxy- 
chlorides  from  silver-copper  alloys  a  warm  dilute  formic  acid 
solution  is  a  safe  reagent  which  does  not  attack  the  silver  or  the 
alloy.  Other  agents  for  this  purpose  are  a  solution  of  ammonium 
sulfite  and  ammonia  containing  some  cuprous  sulfite,  a  solution 
of  ammonia  and  ammonium  formate,  or  zinc  dust  moistened 
with  very  dilute  sulfuric  acid. 

Ammonium  chloride,  either  alone  or  with  stannous  chloride 
and  a  little  hydrochloric  acid,  is  more  satisfactory  than  ammonia 
for  removing  superficial  deposits  from  objects  of  copper,  bronze, 
or  brass.  An  alkaline  solution  of  Rochelle  salt  will  also  give 
good  results. 

The  lichens  on  rock  paintings  from  Northern  Rhodesia  could 
not  be  removed  by  mechanical  means.  They  were  softened 
and  gelatinized  by  painting  with  dilute  ammonia,  and  brushed 
off.  The  rock  was  then  washed  with  distilled  water  and  finally 
with   absolute   alcohol. 
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Thermo-Regulator'- 

By  E.  B.  Starkey  and  N.  E.  Gordon' 

University  of  Maryland,  College  Park,  Maryland 

THIS  thermo-regulator  was  designed  to  meet  the  needs 
of  the  individual  student  in  physical  chemistry. 
It  has  an  accuracy  to  0.05°  C,  and  does  not  require 
relay  or  battery.  Furthermore,  the  point  of  contact  is 
enveloped  in  an  atmosphere  of  inert  gas,  and,  hence,  there 
is  no  oxidation  at  the  point  of  contact. 

The  accompanying  figure  shows  the  model  that  was  de- 
signed to  meet  the  above  requirements.  The  U-tube  is  filled 
with  mercury  until  level  with  the  bottom  of  the  capillary 


tube  c.  The  capillary  tube  which  has  a  diameter  of  0.50  mm. 
is  then  sealed  by  a  drop  of  mercury,  d,  put  in  through  s, 
enclosing  a  column  of  air  in  the  capillary.  This  air  after 
one  or  two  contacts  is  deprived  of  its  oxygen,  leaving  inert 
nitrogen.  The  rest  of  the  thermo-regulator  is  easily  filled 
with  toluene  through  o.  When  the  toluene  has  gone  over 
through  t  and  finished  filling  the  U-tube,  a  ground-glass 
stopper  is  firmly  placed  in  s.  The  filling  is  continued  until 
the  toluene  passes  up  through  the  stopcock  T.  The  thermo- 
regulator  is  now  ready  for  use.  It  is  placed  in  series  with  an 
electric  light,  I,  from  a  110-volt  line.  One  contact  is  made 
at  b  and  the  other  at  c.  The  b  contact  may  be  made  by  means 
of  ordinary  copper  wire,  w,  but  the  contact  at  c  is  made  by 

'  Received  February  7,  1922. 

*  Presented  before  the  Division  of  Pliysical  and  Inorganic  Chemistry 
at  the  t>.'ird  Meeting  of  the  American  Chemical  Society,  llirminKhara.  Ala., 
Aprils  to  7,  1922. 

•  Professor  of  Chemistry. 


means  of  a  platinum  wire,  p,  0.355  mm.  in  diameter,  passing 
through  the  ground-glass  stopper  and  just  reaching  to  the 
surface  of  the  mercury  at  the  bottom  of  the  capillary  tube. 

The  light  I  and  thermo-regulator  are  placed  in  the  bath, 
and  the^current  is  turned  on,  with  the  stopcock  at  T  open. 
As  the  temperature  rises  the  toluene  expands  up  into  the  tube 
above  the  stopcock  T.  When  the  desired  temperature  has 
been  obtained  the  stopcock  T  is  closed,  and  any  further  ex- 
pansion results  in  breaking  the  contact  at  c,  when  the  light 
goes  out.  As  soon  as  the  bath  begins  to  cool,  contraction 
takes  place  and  contact  is  again  made  at  c,  when  the  light  is 
again  thrown  on.  The  inert  gas  acts  as  a  condenser  and 
scarcely  any  spark  is  noticeable,  and  since  this  sUght  spark 
takes  place  in  an  inert  gas  no  corrosion  at  the  point  of  con- 
tact results. 

The  commendable  features  which  our  thermo-regulator 
claims  are: 

1— The  ease  with  which  it  can  be  made  and  filled. 
2 — The  ease  with  which  it  can  be  regulated. 
3— The  doing  away  of  relay  and  battery. 
4 — The  protection  of  the  point  of  make  and  break  from  all 
corrosion. 


Creative  Thought 

By  H.  W.  Jordan 
133  Stolp  Ave.,  Syracuse,  New  York 

"Creative  thought  has  raised  man  from  his  pristine,  sub- 
savage  ignorance  and  squalor  to  the  degree  of  knowledge  and 
comfort  which  he  now  possesses.  On  his  capacity  to  continue 
and  greatly  extend  this  kind  of  thinking  depends  his  chance  of 
groping  his  way  out  of  the  plight  in  which  the  most  highly  civil- 
ized peoples  of  the  world  find  themselves.  Creative  thought 
is  the  only  hope  of  the  future." 

Prof.  James  H.  Robinson,  in  "The  Mind  in  the  Making," 
a  book  recently  issued  by  Harpers,  sets  forth  the  profound  con- 
trast between  the  dynamic,  creative  thought  of  the  scientists 
and  the  static,  frozen  thought  of  the  directors  of  mental  life, 
especially  those  of  government  and  education.  We  are  op- 
pressed by  war  and  social  chaos  because  the  scientists'  type  of 
thinking  has  not  been  applied  on  any  considerable  scale  to  the 
solution  of  those  world  problems  that  spring  from  modem  city 
industry  operated  in  an  eighteenth-century  intellectual  environ- 
ment. 

"It  is  an  easily  demonstrated  scientific  truth  that  in  all  ranks 
may  be  found  evidence  of  unrealized  capacity ;  and  that  we 
are  living  on  a  far  lower  scale  of  intelligent  conduct  and  rational 
enjoyment  than  is  necessary,"  says  Professor  Robinson.  He 
makes  it  plain  that  if  we  would  tap  the  limitless  reservoirs  of 
creative  thought  we  must  explore  them  by  scientific  research 
and  by  science  apphed  to  the  social  mass  mind  as  we  have  ap- 
plied it  to  the  potential  forces  of  nature. 

Slavish  bondage  to  such  incongruous  practices  as  assembly 
of  oiu  national  congress  thirteen  months  after  its  election,  and 
inauguration  of  our  President  four  months  after  his  election, 
in  an  age  when  assemblywomen  fly  to  Topeka,  is  proof  that 
mental  habits  continue  long  after  their  purpose  has  ceased  and 
their  origin  has  been  forgotten. 

Among  efforts  to  improve  business  and  to  place  our  modern 
chemical  and  engineering  industries  far  ahead  of  normalcy, 
the  most  promising  is  creative  thought  applied  to  the  mass 
human  mind  by  scientific  research. 

"The  Mind  in  the  Making"  is  regarded  by  many  chemists 
as  the  most  illuminating  recent  scientific  analysis  of  the  social 
industrial  situation. 
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Can  We  Afford  to  Make  Potash  in  America?' 


By  R.  Norris  Shreve 
43  Fifth  Avb.,  New  York,  N.  Y. 


In  the  last  few  years  we  have  devoted  a  great  deal  of  time, 
effort,  and  money  to  the  development  of  an  American  potash 
industry,  and  we  have  marshaled  many  facts  in  support  of  the 
establishment  on  a  permanent  basis  of  this  industry  so  essential 
to  the  safeguarding  of  the  productivity  of  our  farm  lands.  Is 
it  not  now  an  opportune  time  to  pause  and  ask  ourselves  the 
broad  question — "Can  we  afford  to  make  potash  in  America?" 
This  question  is  an  especially  timely  one  in  view  of  the  position 
taken  by  the  domestic  potash  industry  that  temporary  tariff 
protection  is  necessary  to  carry  the  industry  over  its  development 
stage  and  until  it  has  worked  up  its  by-products,  and  has  cheap- 
ened the  cost  of  production. 

As  a  basis  for  this  argument,  reference  is  made  to  Table  I, 
giving  statistics  and  prices  pertaining  to  the  potash  industry. 
No  differentiation  is  made  between  potassimn  salts  used  in  the 
chemical  industry  and  in  fertilizers.  However,  the  fertilizers 
consume  about  90  per  cent  of  the  country's  total.  The  prices 
in  this  table  refer  to  those  that  were  paid  chiefly  by  the  fertilizer 
industry.  The  prices  charged  for  potassium  salts  which  are  used 
•chemically  are  based  on  these  fertilizer  prices,  enhanced  by  the 
cost  of  purification  or  conversion,  as  the  case  may  be. 

Table  I 

German 
Muriate 
Potash 
Net  Syn- 
dicate 
Contract 
Price       Spot  Ton 
Tonnage  c.  i.f.  Prices 

Tonnage  of    Tonnage       Manufac-     Value  of    Atlantic     Muriate 
Actual           Manu-           tured  Domes-       Ports      of  Potash 

Potash        factured       and  Sold      tic  Sales     Basis  SO    Basis  80 
Imported       in  U.  S.         in  U.  S,       per  Ton     Percent     Percent 
Year    Short  Tdus  Short  Tons  Short  Tons       KsO         Dollars       Dollars 
1910  279,780  ...  32. 9S     About  38 


1911 

274,446 

I  .30.  /O 

132.34 

About  38 

1912 

253,678 

32.34 

38.05-38.55 

1913 
1914 

270,720 
207,089 

32.34 
33.21 

38.55-38.65 
39.07-39.57 

1915 

48,867 

1,090 

1,090 

314 

39 . 57-356 

1916 

7,885 

9,720 

9,720 

437 

47.5-290 

1917 

8,100 

32,573 

32,573 

429 

450-325 

1918 

7,957 

54,803 

38,580 

411 

345-260 

1919 

39,619 

32.474 

45,728 

231 

260-  85 

1920 

224,792 

48,077 

41,444 

180 

32' 00 

300-  85 

1921 

73,887 

9,000 

> 

32.00 

85-  35 

Farmers'  cash  price  for  muriate  of  potash,  basis  80  per  cent,  bagged  and 
tagged  in  ton  lots,  f.  o.  b.  Atlantic  ports,  was  S37.50  in  the  early  part  of  1914, 
and  $39  in  1921.  The  Schmidtmann  price  for  muriate  of  potash,  basis  SO 
percent,  c.  i.  f.  Atlantic  ports,  was  $20.40;  this  was  on  contract  to  the  large 
users  in  1910. 

The  table  indicates  a  total  annual  consumption  in  the  years 
preceding  the  Great  War  of  around  250,000  tons  of  actual  potash, 
under  the  stimulus  of  a  very  active  potash  propaganda  on  the 
part  of  the  German  Potash  Syndicate.  An  annual  consumption 
■of  200,000  to  225,000  tons  of  actual  potash  will  probably  satisfy 
all  the  country's  pressing  demands  for  some  time  to  come. 

We  may  interject  here  an  explanation  of  what  is  understood  by 
"actual  potash"  and  by  "a  unit  of  potash."  Actual  potash  refers 
to  potassium  oxide  or  KjO.  It  was  adopted  as  the  only  means  of 
designating  the  value  of  the  potassium  salts,  varying  as  they  do 
all  the  way  from  12  per  cent  actual  potash  or  K2O,  in  the  form  of 
kainite,  to  60  per  cent  actual  potash  or  K2O,  as  in  95  per  cent 
muriate  of  potash  (potassium  chloride).  When  sold  to  the  fer- 
tilizer trade  these  salts  are  always  based  on  a  stated  percentage  of 
actual  potash  or  K2O.  As  a  rule,  for  the  fertilizer  industry  it  is 
■only  the  actual  potash  content  that  determines  the  usefulness  of 
these  potassium  salts.     However,  certain  salts  are  better  for 

*  Received  March  31,  1922.  Presented  before  the  Division  of  Industrial 
and  Engineering  Chemistry  at  the  63rd  Meeting  of  the  American  Chemical 
Society,  Birmingham,  Ala.,  April  3  to  7, 1922. 


certain  crops  than  others;  for  example,  potassium  sulfate  works 
better  on  tobacco  than  potassium  chloride  because  any  chloride 
lowers  the  quality  of  this  crop. 

It  has  become  customary  to  state  the  composition  of  fertilizer 
mixtures  as  containing  so  many  units  of  ammonia,  phosphoric 
acid  (as  PjOs),  and  potash  (as  KjO).  In  each  case  a  unit  stands 
for  20  lbs.  of  the  constituent,  and  equals  1  per  cent  on  basis  of  a 
ton  of  2000  lbs.  Hence,  a  ton  of  2 : 8 : 4  fertilizer  contains  2  units  or 
40  lbs.  of  ammonia,  8  units  or  160  lbs.  of  phosphoric  acid  (asPaOs), 
and  4  imits  or  80  lbs.  of  actual  potash  (as  K2O). 

Proposed  Tariff  Legislation 

The  duty  in  the  tariff  bill,  passed  by  the  House  of  Representa- 
tives, imposed  the  following  specific  duties  on  crude  potassium 
salts  imported  into  the  United  States,  said  duties  being  based  on 
the  weights  of  actual  potash  in  these  salts. 


Dating  from  Passage  of 
Tariff  BUI 
First  year 
Second  year 
Third  year 
Fourth  year 
Fifth  year 
Thereafter 


Rate  per  Lb.  of      Rate  per  Ton  of 


Actual  Potash 
Cents 
2.5 
2.5 
2 

1.5 
1 
Free 


Actual  Potash 
Dollars 
50 
50 
40 
30 
20 
Free 


The  average  rate  for  the  5-yr.  period  is  $38  per  ton  of  actual 
potash.  A  unique  feature  of  this  proposed  protection  is  that  the 
industry  feels  that  after  five  years  it  will  have  so  developed  its 
processes  and  by-products  and  so  cheapened  its  manufacturing 
methods  that  it  can  compete  on  a  free  basis  with  the  world. 

All  facts  point  to  this  decrease  in  cost.  For  example,  one 
large  company  experienced  the  following  cost  ratio: 

Assuming  that  during  the  first  four  months  of  1919  their  cost  was    100 

then  during  the  first  four  months  of  1920  their  cost  was      58.3 
and  during  the  first  four  months  of  1921  their  cost  was      32.6 

Furthermore  the  average  cost  per  unit  of  potash  (20  lbs.  of 
actual  potash  or  K2O)  for  a  number  of  operating  plants  was 
$4.24  in  1918-1919,  while  in  1920  this  had  been  reduced  to  $2.04, 
with  the  sure  prospect  of  reducing  this  figure  to  around  $0.70  or 
lower,  if  the  opportunity  for  operation  and  further  development  is 
given  again. 

By  an  inspection  of  Table  I,  it  can  be  seen  that  the  1921  pro- 
duction was  only  9000  tons  of  actual  potash,  for  the  reason  that 
practically  all  of  the  domestic  plants  were  shut  down.  Costs 
cannot  be  cheapened  under  these  conditions. 

The  Debit  Side  of  the  Potash  Situation 

To  answer  our  question  "Can  we  afford  to  make  potash  in 
America?"  let  us  draw  up  a  balance  sheet  with  debits  and  credits 
as  an  accountant  does. 

In  the  first  place  what  have  we  on  the  debit  side,  or  what  is  it 
going  to  cost  us  to  establish  this  industry  here?  The  almost 
unanimous  opinion  is  that  the  cost  will  be  measured  by  the  tariff 
protection  as  given  in  the  House  tariff  bill.  As  has  already  been 
said,  this  bill  grants  an  average  protection  of  $38  per  ton  of  actual 
potash  for  five  years.  It  is  certain  that  this  will  not  increase  the 
present  prices  by  the  full  $38,  for  the  Germans  can  and  un- 
doubtedly will  sell  lower  to  get  their  share  of  the  business. 
Assume  that  they  cut  their  present  prices  $10  to  $15  per  ton  of 
actual  potash,  we  shall  then  get  an  increase  of  $25  per  ton  of 
actual  potash.  The  increase  will  apply  to  both  domestic  and 
imported  potash,  and  for  an  annual  consumption  of  200,000  tons 
of  actual  potash,  there  will  be  an  annual  charge  of  $5,000,000, 
which  will  go  on  for  five  years. 
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Thb  Credit  Side 

This  is  the  only  item  on  the  debit  side  that  the  writer  has  been 
able  to  find.  Turning  now  to  the  credit  side,  what  have  we  to 
balance  against  this  annual  charge  of  $5,000,000?  First,  we  shall 
save  taxes  by  the  amount  of  tariff  paid.  The  best  estimates  are 
that  under  this  tariff  our  domestic  plants  will  produce  annually 
100,000  tons  of  actual  potash,  leaving  100,000  tons  to  be  imported. 
The  domestic  plants  did  produce  54,000  tons  of  actual  potash  in 
1918,  and  have  a  capacity  to  produce  the  100,000  tons  and  will 
do  so  when  economic  conditions  warrant.  The  tariff  paid  per 
annum  on  100,000  tons  at  $38  per  ton  will  equal  $3,800,000; 
this  is  our  first  credit  item.  Without  this,  the  country  will  have 
to  pay  this  sum  in  taxes  levied  in  some  other  way. 

According  to  the  latest  statistics,  the  capital  invested  in  potash 
plants  in  America  was  $28, 696, 143. ^  This  value  is  a  conserva- 
tive one.  If  the  American  potash  industry  receives  this  tem- 
porary tariff  protection,  most  of  this  capital  will  prove  a  good 
investment. 

Our  next  credits  are  interest  and  capital  write-off  (or  deprecia- 
tion) on  this  investment.  The  interest  at  6  per  cent  amounts  to 
$1,700,000,  and  the  capital  write-off  (or  depreciation)  at  5  per 
cent  amounts  to  $1,400,000  annually.  While  we  are  considering 
the  item  of  capital,  attention  may  be  called  to  the  fact  that  some 
$30,000,000  invested  in  America  can  produce  100,000  tons  of 
actual  potash,  while  Germany  has  an  investment  of  $380,000,000 
to  produce  1,100,000  tons  of  actual  potash.  This  rate  is  slightly 
more  than  the  American. 

If  the  American  potash  industry  is  firmly  established,  it  will 
give  employment  directly  to  about  3000  men  and  be  the  means  of 
livelihood  for  some  12,000  men,  women,  and  children.  At  an 
average  of  $20  per  week,  there  will  be  paid  to  Americans  over 
$3,000,000  annually  in  wages.  In  these  days  of  unemployment, 
this  feature  is  an  important  one,  especially  from  an  economic 
viewpoint. 

Writing  of  prices  of  fertilizer  constituents  in  the  "Report  on  the 
Fertilizer  Industry,"  the  Federal  Trade  Commission  states  that 
the  wholesale  prices  of  nitrogen  compounds  and  phosphates  are 
due  to  natural  conditions  of  supply  and  demand,  while  "the 
wholesale  prices  of  potash  salts,  on  the  other  hand,  are  governed 
by  monopoly  conditions." 

Why  do  we  pass  laws  to  prevent  monopoly  within  our  own  do- 
main, and  yet  not  even  discourage  a  foreign  monopoly?  Further- 
more, what  treatment  can  we  expect  of  this  monopoly?  We 
do  not  need  to  turn  back  many  years  to  find  an  example  of  the 
actions  of  this  "potash  monopoly."  In  1909  the  Schmidtmann 
interests  in  Germany,  on  the  occasion  of  a  temporary  break-up 
in  the  Potash  Syndicate,  made  contracts  with  American  con- 
sumers to  sell  them  what  amounted  to  90  per  cent  of  America's 
total  requirements  at  a  price  reduction  of  from  25  to  38  per  cent 
from  what  the  "Potash  Monopoly"  had  charged.  These 
Schmidtmann  contracts  resulted  in  a  saving  to  Americans  of 
around  $3,000,000  annuaUy. 

The  "Potash  Monopoly,"  however,  persuaded  its  partner, 
the  German  government,  to  pass  the  potash  law  of  May  25, 
1910,  which  acted  to  invalidate  the  Schmidtmann  contracts, 
and  to  force  the  Schmidtmann  mines  into  the  Syndicate.  Such 
is  the  policy  of  the  "Potash  Monopoly!"  When  we  did  make 
a  good  buy,  the  German  government  invalidated  it.  We  must 
remember  this  itt  considering  the  potash  situation.  By  estab- 
lishing our  American  potash  industry,  we  shall  prevent  any  such 
happening.  Judging  by  the  past  the  only  way  that  Americans 
can  eventually  secure  cheap  potash  is  by  domestic  competition 
with  the  potash  monopoly.  We  are  temporarily  getting  German 
potash  as  cheaply  as  we  did  before  the  war,  but  we  must  not 
forget  that  depreciated  currency  will  not  always  prevail,  and 
that  it  is  costing  more  to  produce  potash  in  Europe  now  than  it 

"  Hearings  before  Committee  on  Finance,  U.  S.  Senate,  December  30, 
1921,  4098. 


did  before  the  war.  These  enhanced  costs  will  be  noticeable 
when  the  foreign  exchange  rights  itself. 

Many  by-products  from  our  potash  industry  will  be  developed 
if  this  industry  is  established  here,  and  they  will  eventually 
cheapen  the  production  to  a  marked  degree.  We  have  heard  of 
borax,  salt,  sodium  carbonate,  sodium  sulfate,  and  the  like  from 
the  potash  brines  of  the  West.  We  have  also  in  mind  alumina  as 
well  as  potassium  salts  from  potash  minerals,  and  even  building 
bricks  and  agricultural  lime,  as  such  by-products. 

In  certain  industries,  such  as  those  manufactiu-ing  alcohol  and 
cement,  we  find  potash  as  a  by-product  from  established  oper- 
ations. This  phase  of  potash  production  offers  great  possibilities, 
as  for  example  in  the  smelting  of  iron  ores  in  blast  furnaces,  pro- 
vided that  the  incentive  is  here  to  collect  these  otherwise  wasted 
potassium  compounds.  One  of  the  smaller  potential  sources  of 
by-product  potash  is  in  the  scouring  of  wool  which  could  easily 
yield  10,000  tons  of  actual  potash  armually,  besides  other  valuable 
products. 

Another  credit  that  we  should  list  on  the  right  side  of  our  bal- 
ance sheet  is  that  the  potash  industry  is  essential  to  safeguard  the 
food  and  clothing  of  the  nation.  It  is  not  necessary  to  dwell  on 
this  very  emphatically,  as  we  all  are  of  one  opinion  that  it  is 
wiser  to  have  within  our  own  boundaries  all  industries  that  are 
necessary  to  the  very  life  of  the  people.  We  do  not  want  our 
potash  industry  to  be  in  the  hands  of  the  nation  that  stated,  in  the 
words  of  Dr.  Wilhelm  Ostwald,  "America  went  into  the  war  like 
a  man  with  a  rope  around  his  neck,  which  is  in  the  enemy's  hands 
and  is  pretty  tightly  drawn." 

Several  other  phases  of  this  matter  need  only  to  be  mentioned. 
The  development  of  our  own  industries  by  a  tariff  is  the  American 
way  of  doing  things.  But  when  did  an  industry  ever  before  ask 
for  a  tariff  decreasing  and  finally  disappearing  after  five  years? 
Furthermore,  the  development  of  American  raw  materials  is  one 
of  the  fundamentals  of  our  economic  life,  and  in  the  case  of  the 
potash  industry  our  raw  materials  are  almost  inexhaustible. 

To  summarize  our  annual  debits  and  credits  we  have 

Debits  Credits 

Charge  due  to  imposi-  Tariff  revenue $3,800,000 

tion  of  tariff $5,000,000  Write-off  or  deprecia- 
tion on  capital  al- 
ready invested 1,700,000 

Interest  on  capital  al- 
ready invested 1 ,400,000 

Wages 3,000,000 

$5,000,000  $9,900,000 

Gain $4,900,000 

This  $4,900,000  does  not  include  the  various  intangible  credits 
which  cannot  well  be  valued  in  dollars.  But  the  only  hope  of 
permanently  cheap  potash  in  America  is  to  establish  the  domestic 
industry  on  a  competitive  basis. 

The  Situation  for  the  Farmer 

One  final  point  remains  to  be  considered.  We  may  grant  that 
the  economics  of  the  situation  are  such  that  it  is  to  the  financial 
advantage  of  the  entire  country  to  establi.sh  the  potash  industry, 
but  what  of  the  farmer?     What  price  must  he  pay? 

Over  75  per  cent  of  our  entire  tonnage  of  fertilizer  is  used  in  the 
southeastern  states,  where  the  principal  fertilizer  is  the  "2:8:2" 
mixture,  or  one  containing  2  units  or  2  per  cent  of  actual  potash. 
The  amount  used  per  acre  of  cotton,  for  instance,  varies;  while 
1000  lbs.  should  be  employed,  the  amount  is  generally  500  to 
600  lbs.  On  the  basis  of  600  lbs.  of  fertilizer,  containing  2  per 
cent  of  potash,  we  have  an  additional  charge  of  22.8  cents  per 
acre  of  cotton,  provided  the  entire  additional  cost  due  to  the  av- 
erage duty  of  $38  per  ton  of  actual  potash  or  38  cents  per  unit, 
is  added  to  the  price.  It  is  quite  likely  that  this  will  be  only 
two- thirds  of  this  amount,  or  around  15  cents  per  acre  of  cotton 
or  per  bale  of  cotton — a  very  small  amount. 

The  real  way  for  the  farmer  to  get  cheap  potash  is  to  buy  his 
own  fertilizer  constituents  and  to  do  his  own  mixing.  The 
Federal  Trade  Commission  in  Ihcir  "Report  on  the  Fertilizer 
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Industo'"  point  out  (page  227)  that  the  cost  of  materials  to  the 
fertilizer  companies  is  from  61  to  68  per  cent  of  net  sales.  And 
again  this  same  report  (on  page  234)  states  "Nearly  every  Agri- 
cultural Experiment  Station  in  the  United  States,  as  well  as  the 
United  States  Department  of  Agriculture,  advocates  the  purchase 
and  home  mixing  of  fertilizer  materials."  Recently,  the  Con- 
necticut Agricultural  College,  referring  to  Connecticut,  made  the 
assertion  that  "the  possible  saving  by  home  mixing  to-day  would 


amount  to  somewhat  more  than  $1,000,000."     Many  states  could 
effect  a  larger  saving  than  Connecticut. 

This  home  mixing  is  increasing  from  year  to  year,  and  the 
farmer  must  realize  that  his  chance  of  making  fair  purchases  of 
potash  is  much  greater  from  a  number  of  competing  American 
potash  producers,  than  it  is  from  the  "Potash  Monopoly,"  whose 
methods  have  always  encouraged  the  larger  users  by  quantity 
discounts. 


Can  the  College  Do  Anything  for  Industry?' 


By  Edward  EUery 

Union  College.  Schenectady.  N.  Y. 


THE  business  of  industry  is  profits.  There  is  nothing 
bad  about  that.  The  business  of  the  hospital  is  cures. 
The  buinsess  of  the  school  is  enlightenment.  The 
business  of  the  church  is  spirituality.  The  business  of  the 
home  is  happiness.  Each  of  the  great  organizations  in  human 
life  has  its  particular  business.  If  it  fails  to  secure  its  ends,  it 
has  no  reason  for  existence.  So  when  one  states  that  the  busi- 
ness of  industry  is  profits,  he  is  only  emphasizing  what  indus- 
try will  try  to  accomplish. 

Industry  has  been  of  vast  help  to  all  the  other  organizations 
in  human  life,  especially  by.  the  contribution  of  large  sums  of 
money  for  their  maintenance.  The  colleges  have  in  particular 
been  the  beneficiaries  of  this  largess.  Such  contributions  are 
made  from  profits.  Every  college  officer  recognizes  what  these 
gifts  have  made  possible  in  the  way  of  advancement  of  knowledge 
and  increase  of  enlightenment,  and  he  asks  himself — what  can 
the  college  do,  more  than  it  has  done,  in  return?  What  con- 
tribution can  it  make  to  industry?  What  more  can  it  do  to 
promote  cooperation? 

Among  other  things,  the  college,  always  remembering  that 
the  business  of  industry  is  profits,  can  reduce  the  period  of  un- 
productiveness of  the  graduates  when  they  enter  industry. 
Time  is  a  factor  in  profits.  It  takes  time  for  a  college  graduate 
to  adjust  himself  to  the  requirements  of  industry.  That  time 
represents  a  loss  to  industry  and  by  so  much  retards  the  accom- 
plishment of  its  business. 

One  cause  of  this  unproductive  period  is  the  method  of  in- 
struction in  our  educational  system.  From  the  time  he  enters 
it  to  the  time  he  takes  the  master's  degree,  the  student  is  "passing 
courses;"  he  is  learning  lessons  from  textbooks  or  lectures  (the 
lectures  in  most  instances  are  but  spoken  textbooks)  under  the 
disciplinary  presence  of  an  older  person  or  the  disciplinary  in- 
fluence of  a  grade  or  degree,  and  on  demand  he  reproduces  what 
he  has  learned.  The  method  is  beneficial  for  a  certain  limited 
period.  The  compulsion  to  learn  a  definite  number  of  facts, 
to  do  a  definite  thing  in  a  definitely  prescribed  way  is  good  for 
a  lad  up  to,  and  even  including  a  portion  of,  his  college  years. 
Prolonged  beyond  that  point  of  usefulness,  it  becomes  fatal  to 
real  mentality.  It  makes  the  mental  mechanic,  but  not  the 
intelligent  master  of  ideas. 

The  college  can  and  should  teach  the  boy  something  else  than 
how  to  learn  a  lesson  or  how  to  do  a  piece  of  work  from  detailed 
directions.  It  must  so  teach  if  it  is  to  make  a  large  return  to 
industry.  We  will  illustrate  from  the  teaching  of  chemistry, 
of  course.  Can  a  textbook  in  General  Chemistry  be  taught 
without  teaching  a  textbook?  Can  we  have  a  classroom  and  no 
classroom  machinery?  Can  we  have  a  schedule  of  appointments 
that  take  a  student's  intelligence  from  one  problem  to  another 
while  requiring  him  to  move  his  body  from  one  spot  to  another? 

'  Received   April   27,    1922. 


Of  course  we  can.  What  are  we  after?  In  general,  four  things 
— acquisition,  recognition,  application,  and  description  of  facts. 

Shall  the  assignment  be  pages  1  to  10  in  the  textbook?  Not 
at  all.  It  shall  be  Boyle's  and  Charles'  Laws.  Shall  the  require- 
ment be  to  commit  those  laws  to  memory  together  with  the  for- 
mula for  their  use  in  problems?  Not  at  all.  Require  the  student 
to  learn  the  facts  and  give  him  twenty-five  or  fifty  or  a  hundred 
problems  to  solve.  Require  him  to  make  his  own  equations, 
to  apply  the  quantities  given  in  accordance  with  the  facts. 
Then  he  will  know  the  law  and  the  formula. 

Shall  the  laboratory  assignment  be  Experiment  47?  Not 
at  all.  The  assignment  is  ether.  The  student  should  be  re- 
quired to  discuss  with  his  instructor  what  he  proposes  to  do, 
how  he  proposes  to  do  it,  how  he  will  know  when  he  has  done 
what  he  proposed  to  do,  and  finally  to  present  for  inspection 
and  explanation  not  only  a  finished  product  but  the  residues 
of 'the  reaction.  That's  the  way  to  get  facts,  to  recognize  facts, 
to  express  facts,  and  to  use  facts. 

The  final  requirement  of  a  college  course  in  chemistry  should 
be  the  handling  of  an  original  problem.  Without  that  kind  of 
training  a  young  chemist  is  bound  to  be  an  "unprofitable  ser- 
vant" in  industry  for  some  time  after  his  graduation.  With  it, 
the  period  of  unprofitableness  can  be  materially  reduced.  To 
accomplish  the  result  certain  conditions  are  essential. 

1 — Small  instructional  groups.  It  is  not  the  total  number  in 
college  that  affects  the  product.  It  is  the  size  of  the  instructional 
group.  Ten  or  a  dozen  at  a  time  is  about  the  maximum  a  good 
chemistry  teacher  can  handle. 

2— Superior  students  separated  from  inferior  students.  The 
two  cannot  be  taught  together.  The  combination  harms  the 
superior  and  does  not  benefit  the  inferior. 

3 — The  strongest  and  most  experienced  teachers  over  freshmen 
and  seniors,  the  inexperienced  or  those  with  limited  experience  over 
sophomores  and  juniors.  The  first  year  of  college  life  is  relatively 
the  most  important  of  the  four  and  requires  the  finest  and  surest 
pedagogy.  The  final  steps  in  the  training  likewise  require 
the  careful,  direct  supervision  of  instructors  of  long  and  success- 
ful experience.  Neither  the  first  nor  the  last  year  is  a  proper 
time  for  the  pedagogical  experiments  of  untried  teachers. 

4—^  limitation  of  the  number  of  students  and  of  hours  the  good 
teachers  teach.  Fine  pedagogy,  as  in  every  other  relation  of  life 
where  minds  and  spirits  of  human  beings  are  in  contact,  takes 
"virture"  out  of  a  man.  One  must  be  given  time  to  re-accumu- 
late  the   power. 

I  think  these  are  sensible  suggestions.  I  would  like  to  see 
colleges  rich  enough  and  strong  enough  to  put  them  into  practice. 
Industries  can  well  afl'ord  to  help  colleges  keep  instructional 
groups  small  enough  to  be  individualized,  segregate  superior 
students,  and  assign  the  best  teachers  to  the  first  and  fourth 
year  men.  Colleges  will  thus  be  able  not  only  to  produce  better 
trained  men,  but  to  reduce  by  a  considerable  amount  the  length 
of  the  unprofitable  period  of  the  new  man  in  a  plant.  This  is  a 
way  in  which  the  college  can  help  industry. 
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First  Report  of  the  Committee  on  Contact  Catalysis 


By  Wilder  D.  Bancroft 


Cornell  Univbrsity,  Ithaca.  New  York 


(Continued) 
Corrosion 

The  poisoning  of  chemical  reactions  which  take  place  rapidly 
in  the  absence  of  a  catalytic  agent  is  a  phenomenon  familiar  to 
the  chemist  though  not  usually  classified  under  that  head. 
Aluminium  and  nickel  should  corrode  readily  in  the  air;  but 
do  not,  owing  to  the  formation  of  a  film  of  oxide  or  hydroxide 
which  protects  the  underlying  metal.  So  long  as  iron  is  coated 
with  a  coherent  film  of  ferro-ferric  oxide,  the  amount  of  rusting 
is  negligible.  Parkerized  or  phosphatized  iron  is  protected 
chiefly  by  an  oil  film  and  is  thus  analogous  to  the  platinum  black 
which  is  not  a  catalytic  agent  when  covered  with  a  film  of  grease. 
Lead  and  lead  peroxide  in  sulfuric  acid  constitute  the  lead  storage 
battery;  but  the  peroxide  plate  is  not  a  short-circuited  cell 
because  the  peroxide  coats  the  lead  grid  and  keeps  it  from  com- 
ing in  contact  with  the  acid.  Curry'^  showed  that  copper-tin 
bronzes  containing  40  to  65  per  cent  copper  corroded  but  slightly 
when  made  anodes  in  sodium  nitrate  or  sulfate  solutions.  Al- 
loys richer  in  copper  or  richer  in  tin  corroded  badly  under  iden- 
tical conditions.  The  resistance  to  electrolytic  corrosion  is 
due  to  the  formation  of  a  coherent  film  of  stannic  oxide.  It  is 
not  too  much  to  say  that  in  most  cases  the  corrosion  problem  is 
a  film  problem. 

If  we  were  to  put  calcium  carbonate  in  dilute  sulfuric  acid 
and  if  the  resulting  calcium  sulfate  were  to  form  a  coherent  film 
over  the  surface  of  the  calcium  carbonate,  the  reaction  would 
come  to  an  end  as  soon  as  the  surface  of  the  calcium  carbonate 
was  coated  over  completely.  The  apparent  equilibrium  would 
be  more  or  less  independent  of  the  concentration  of  the  acid. 
For  a  given  size  of  calcium  carbonate  particles,  apparent  equilib- 
rium would  be  reached  when  a  definite  amount  of  calcium  sul- 
fate had  been  reached.  This  is  self-evident  in  a  case  of  this 
sort;  but  the  matter  is  not  always  quite  so  obvious.  A  certain 
war  gas,  which  we  will  call  A,  gives  a  solid  hydrolysis  product. 
The  same  amounts  of  A  were  treated  with  250  cc.  of  water  and 
with  1000  cc.  of  water.  When  apparent  equilibrium  was  reached, 
the  acid  was  four  times  as  concentrated  in  the  first  case  as  in 
the  second.  Experiments  were  then  made  with  dilute  hydro- 
chloric acid  solutions  instead  of  with  water  and  it  was  found  that 
the  presence  of  hydrochloric  acid  in  moderate  amounts  had  prac- 
tically no  effect  on  the  amount  of  hydrolysis.  The  hydrolysis 
took  place  in  every  case  until  the  ratio  of  hydrolysis  product  to 
undecomposed  substance  was  a  constant.  Of  course  it  should 
have  been  shown  that  this  ratio  varied  with  varying  crystal 
size;  but  there  were  a  good  many  loose  ends  after  the  war  and 
this  was  one. 

Beneficial  Poisoning 

While  the  poisoning  of  a  catalytic  agent  is  usually  a  thing  to 
be  avoided.  Rosenmund  and  Zetzsche"  have  made  use  of  what 
they  call  partial  poisoning  in  order  to  increase  the  yield  of  any 
desired  product.  If  an  acid  chloride,  benzoyl  chloride  for  in- 
stance, is  dissolved  in  pure  benzene  and  is  then  subjected  to 
reduction  by  means  of  hydrogen  and  colloidal  palladium,  prac- 
tically no  benzaldehyde  is  formed.  The  authors  consider  that 
the  benzene  poisons  the  palladium.  If  the  experiment  is  tried 
with  ordinary  benzene,  a  good  yield  of  benzaldehyde  is  obtained."* 

"  J.  Phys.  Chem.,  10  (1906),  474. 
"  Bcr.,  64B  (1921),  435,  038,  1092. 
•<  Rosenmund,  Ibid.,  Bl  (1918),  S8S. 


This  seemed  to  prove  that  some  impurity  in  the'  benzene  counter- 
acted the  poisoning.  Instead  of  searching  for  the  particular 
impurity  in  the  benzene  which  had  this  effect,  the  authors  have 
studied  the  effect  of  adding  known  amounts  of  definite  substances 
to  the  pure  benzene  or  other  aromatic  hydrocarbon.  With  2  g  . 
of  benzoyl  chloride  in  10  cc.  of  xylene  and  using  0.7  g.  palladium 
at  150°,  addition  of  1  mg.  of  thioquinanthrene  brought  the  yield 
up  to  78  per  cent,  while  addition  of  sulfurized  quinoline  (impure 
thioquinanthrene)  brought  the  yield  up  to  nearly  90  per  cent. 
Addition  of  0.1  mg.  distilled  quinoline''*  reduced  the  yield  prac- 
tically to  zero  because  the  reduction  went  further — to  benzyl 
alcohol.  Addition  of  xanthone  accelerates  the  reaction  between 
benzoyl  chloride  and  benzyl  alcohol  forming  benzyl  benzoate. 
In  toluene  as  solvent  instead  of  xylene,  benzyl  benzoate  is  the 
chief  product  because  the  toluene  checks  the  reaction  between 
benzyl  benzoate  and  hydrogen  which  gives  rise  to  benzoic  acid 
and  toluene. 

It  has  also  been  found  that  addition  of  quinoline  to  benzyl 
alcohol  dissolved  in  cymene  increases  the  yield  of  benzaldehyde 
when  copper  is  added  and  air  is  passed  through  the  solution. 
A  further  addition  of  nitrobenzene  increases  the  yield  still  more. 
In  the  absence  of  quinoline,  copper,  nickel,  silver,  magnesium, 
etc.,  behave  about  alike.  Addition  of  quinoline  makes  copper, 
nickel,  and  silver  much  more  effective  than  the  others  but  in 
different  ways,  the  copper  increasing  the  oxidation  to  alcohol, 
while  silver  and  nickel  increase  the  formation  of  benzyl  ether 
and  of  resins. 

A  case  of  what  might  be  called  protective  poisoning  has 
been  studied  by  Palmer.'*  At  temperatures  below  300°  pul- 
verulent copper  decomposes  ethyl  alcohol  into  acetaldehyd'e  and 
hydrogen,  with  no  formation  of  secondary  products;  but  if  a 
mixture  of  acetaldehyde  and  hydrogen  is  passed  over  the  cop- 
per catalyst  between  250°  and  300°,  much  of  the  aldehyde  is 
decomposed  by  secondary  action.  The  author  accounts  for 
this  apparent  discrepancy  by  assuming  that  alcohol  is  adsorbed 
selectively  by  copper  from  a  mixture  of  alcohol  and  aldehyde 
vapors,  so  that  the  surface  of  the  copper  during  dehydrogena- 
tion  is  covered  by  a  layer  of  alcohol  molecules,  these  latter  pre- 
venting the  adsorption  and  consequent  destruction  of  the  alde- 
hyde. Palmer  believes  that  the  dehydrogenation  of  alcohol 
involves  three  stages: 

1 — Adsorption  of  alcohol  molecules  over  the  surface  of  the  catalyst, 
2 — Activation  of  certain  alcohol  molecules  by  absorption  of  energy- 
3 — Evaporation  of  acetaldehyde  and  hydrogen  away  from  the  adsorp- 
tion surface  into  the  alcohol  stream  flowing  past  the  catalyst. 

Possible  Suboxide  of  Alumina 

During  the  war  kaolin  was  used  as  a  catalytic  agent  to  con- 
vert alcohol  into  ethylene  as  the  first  stage  in  the  manufacture 
of  mustard  gas.  In  the  course  of  time  this  kaolin  became  black 
and  inactive.  This  was  believed  to  be  due  to  the  precipitation  of 
carbonaceous  matter  from  the  alcohol,  a  belief  which  seemed  the 
more  probable  because  the  kaolin  could  be  regenerated  by  heat- 
ing with  air.  On  the  other  hand,  Ashby"  reports  that  when 
alumina  is  made  red-hot  and  quenched  in  absolute  alcohol,  it 
changes  from  white  to  black.  Ashby  says  that  this  cannot  be 
due  to  carbon  from  the  alcohol  because  the  same  change  occurs 

•^  It  is  interesting  to  note  that  quinoline  catalyzes  the  change  from 
vitreous  to  metallic  selenium,  the  action  being  more  marked  in  sunlight 
than  in  the  dark.     Saunders,  J.  Phys.  Chem..  4  (1900),  469. 

"  Proc.  Roy.  Soc.  London,  98A  (1920),  13. 

»'  Ibid..  7  (1856),  322. 
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when  heated  alumina  is  quenched  in  strong  ammonia.  He  sus- 
pects that  the  black  color  is  due  to  a  new  oxide  of  alumina. 
This  does  not  seem  very  probable ;  but  the  point  should  be  cleared 
up  definitely  unless  that  has  already  been  done. 

STRtrCTURE 

Taylor"  calls  attention  to  the  fact  that  a  given  solid  catalytic 
agent  can  be  so  activated  by  suitable  treatment  that  the  ap- 
parent reaction  temperature  may  be  changed  several  hundred 
degrees. 

If  hydrogen  be  passed  over  the  copper  oxide  wire  of  commerce, 
rapid  reduction  begins  in  the  neighborhood  of  300°.  If  the  cop- 
per so  formed  be  oxidized  at  a  somewhat  lower  temperature  it  will 
be  found  that  subsequent  rapid  reduction  will  occur  at  a  lower 
temperature  than  in  the  first  reduction.  This  process  of  oxida- 
tion can  be  repeated  to  such  a  degree  that  the  wire  becomes  suffi- 
ciently reactive  to  be  reduced  or  oxidized  at  100°;  and  examina- 
tion of  the  wire  shows  that  it  is  in  a  similar  physical  condition  to 
that  of  the  activated  platinum  used  in  the  ammonia  oxidation. 
Such  copper  oxide,  moreover,  will  catalyze  rapidly  the  com- 
bination of  hydrogen  and  oxygen  at  100°,  whereas  charcoal  will 
be  inert.  We  see  therefore  that  in  increasing  the  chemical  re- 
activity of  the  contact  agent  we  have  increased  its  catalytic 
activity. 

There  seem  to  be  at  least  fotu"  possible  hypotheses  in  regard 
to  the  eiTect  which  a  change  in  the  structure  of  a  catalytic  agent 
has  on  the  apparent  reaction  temperature. 

1 — The  effect  may  be  chiefly  a  question  of  total  surface.  Increasing  the 
surface  increases  the  adsorption  per  unit  mass  of  the  catalytic  agent  but  not 
necessarily  the  adsorption  per  unit  surface.  With  increasing  surface  there 
win  be  more  reaction  per  unit  mass  in  unit  time,  and  consequently  a  reac- 
tion might  be  detected  at  a  lower  temperature  than  would  otherwise  be 
the  case.  It  does  not  seem  very  probable  that  the  increase  in  surface  on 
activation  is  enough  to  account  for  the  observed  lowering  of  the  apparent 
reaction  temperature:    but  this  is  a  question  for  quantitative  measurements. 

2 — With  increased  surface  and  consequently  reaction  per  unit  mass  of 
catalytic  agent  there  will  be  increased  evolution  of  heat  per  unit  time.  Un- 
less suitable  cooling  is  supplied,  the  temperature  will  rise.  Since  a  porous 
catalytic  agent  is  not  a  first-class  conductor  of  heat  and  since  the  contact 
reactions  are  mostly  exothermal,  it  is  certain  that  the  temperature  at  the 
contact  surface  is  higher  than  the  apparent  temperature  of  the  catalytic  agent. 
It  is  a  matter  of  quantitative  measurements  to  determine  whether  the  low- 
ering of  the  apparent  reaction  temperature  is  real  or  illusory, 

3 — Changing  the  form  of  the  surface  may  change  the  surface  in  such 
a  way  that  the  adsorption  per  unit  surface  is  increased.  This  may  very 
well  be.  While  Langmuir  claims  that  the  adsorption  layer  is  only  one  or 
two  molecules  thick  on  a  plane  surface,  he  is  willing  to  admit  that  this  may 
not  hold  true  for  a  porous  mass. 

4 — The  change  in  the  surface  may  be  such  that  the  reaction  products 
pass  off  more  rapidly  and  therefore  do  not  slow  down  the  reaction.  If 
there  were  pockets,  for  instance,  in  the  catalytic  agent,  the  reaction  would 
be  removed  only  by  diffusion.  With  an  open  structure,  they  would  be 
swept  out  by  the  incoming  gas  stream  and  this  might  easily  have  a  very 
marked  effect  on  the  reaction  velocity. 

We  are  not  in  a  position  to  tell  to  what  extent  any  or  all  of 
these  four  hypotheses  will  account  for  the  facts.  It  may  be 
that  other  supplementary  hypotheses  are  necessary.  We  do 
not  know  whether  the  physical  disintegration  of  the  catalytic 
agent  is  due  to  the  formation  and  decomposition  of  definite  or 
indefinite  chemical  compounds  or  whether  it  is  chiefly  the  result 
of  a  heat  effect. 

The  question  is  complicated  by  some  recent  experiments  by 
Kramer  and  Reid''  on  thoria.  "WTien  thorium  nitrate  is  heated 
suddenly  to  a  high  temperature  by  being  dropped  into  a  red-hot 
crucible  a  very  light,  porous  thoria  is  obtained,  7  g.  of  it  occu- 
pying 200  cc.  of  space.  On  accoimt  of  its  enormous  stu-face  we 
expected  this  to  be  a  wonderfully  active  form  but  found  it  in- 
active." There  seem  to  be  two  possible  explanations  for  this 
phenomenon.  The  bulky  thoria  may  not  be  clean,  and  the 
structure  of  the  surface  may  be  important.  The  first  possi- 
bility can  easily  be  tested  experimentally;    but  the  second  is 

's  Trans.  Am.  Electrochem.  Soc,  36  (1919),  154. 
»  J.  Am.  Chem.  Soc.  43  (1921),  882. 


more  difficult.  It  is  easy  to  imagine  conditions  under  which  a 
V-shaped  surface  might  produce  more  effective  activation  than 
an  equal  area  of  a  plane  surface;  but  we  have  no  satisfactory 
proof  of  this  as  yet.  Briggs""  considers  that  a  vitreous  surface 
always  has  a  low  adsorbing  power. 

Intermediate  Stages 

It  has  been  pointed  out  that,  irrespective  of  any  theory  of 
contact  catalysis,  we  ought  to  determine  the  intermediate 
stages  in  any  given  case  and  with  special  reference  to  the  be- 
havior of  selective  catalysts.""  It  is  probable  that  the  study  of 
organic  reactions  is  the  most  promising  field.  The  reactions- 
can  take  place  in  more  different  ways  than  with  inorganic  re- 
actions and  the  intermediate  compounds  are  easier  to  isolate 
and  identify.  The  apparent  theoretical  simplicity  of  the  catal- 
ysis of  oxyhydrogen  gas  or  of  the  synthesis  of  ammonia  is  de- 
ceptive. We  know  the  initial  and  final  states  only.  It  is  not 
going  to  be  easy  to  determine  the  intermediate  stages  in  the 
organic  reactions  and  it  will  probably  require  the  active  coopera- 
tion of  the  organic  chemist  and  the  physical  chemist;  but  it 
can  be  done.  A  few  illustrations  of  what  should  be  done  may 
be  desirable. 

We  know  that  ethyl  alcohol  can  be  decomposed  into  acetalde- 
hyde  and  hydrogen  or  into  ethylene  and  water;  but  that  is  as 
far  as  people  have  gone  hitherto.  With  pulverulent  nickel  as 
catalyst,  the  reaction  is  almost  completely 

CHaCHaOH  =  CH3CHO  +  Hj. 

We  do  not  know  whether  the  hydrogen  comes  off  in  one  stage 
or  in  two,  though  it  is  probable  that  it  comes  off  in  two  stages. 
If  so.  is  the  first  stage  CH3CH2O  or  CH3CHOH?  With  pul- 
verulent alumina  the  reaction  is  almost  completely 

CH3CH2OH  =  CH2  :  CHj  -I-  H2O. 

Does  water  split  off  as  such  or  do  we  get  a  preliminary  splitting- 
off  of  hydrogen  or  hydroxyl?  It  seems  improbable  that  water 
can  split  off  as  such  because  then  it  would  be  difficult  to  account 
for  the  intermediate  formation  of  ether.  If  the  first  stage  is  a 
splitting-off  of  hydrogen,  it  probably  is  not  the  same  hydrogen 
which  comes  off  first  with  nickel  because  then  we  should  expect 
the  reaction  to  go  the  same  way  in  the  two  cases.  If  the  first  stage 
is  a  splitting-off  of  hydroxyl,  does  the  other  hydrogen  come  from 
the  adjacent  carbon  atom,  giving  ethylene  direct  or  does  it  come 
from  the  same  carbon  atom,  forming  a  substituted  methylene, 
CH3CH,  which  then  rearranges  to  ethylene? 

Sabatier'"^  and  his  co-workers  have  studied  the  action  of 
various  agents  on  esters  and  they  find  quite  different  reaction 
products  in  the  different  cases.  With  nickel  the  chief  reaction 
is  said  to  be  as  follows: 

CH3C02CH2CH3  =  CH3CH2CH3  +  CO2 

CH3C02CH,  =  CH3CH3  -f  CO2 

HC02CH3(?)  =  CH4  -f  CO2 

With  thoria  the  decomposition  is  quite  different: 

2CH3C02C2H6  =  CH3COCH3  -f  CO2  +  (C2H5)20 

=  CH3COCH3  +  CO2  -I-  C2H6OH  +  CsH, 
2CH3C02CH3  =  CH3COCH3  +  CO~  +  (CH3)20 
2HC02CH3  =  HCHO  +  CO2  +  (CH3)20 

With  titania  we  have  a  third  set  of  products: 

2CH3COiC2H5  =  2CH3C02H  +  2C2H4 
2CH3CO2CHS  =2CH3COH  -t-  C2II, 
HC02CH3  =  HC02H  -I-  CHj 
=  C0  -t-  CH3OH 

The  decompositions  are  apparently  regular  and  characteristic 
with  each  catalytic  agent  and  the  molecules  must  break  or  slip 

'"»  Proe.  Roy.  Soc.  London,  lOOA  (1921),  97. 

'»'  Bancroft,  Trans.  Am.  EUclrochem.Soc,  37  (1920),  51:  "Applied  Col- 
loid Chemistry,"   1921,  45. 

'"2  Senderens,  Bull.  soc.  chim.,  6,  [4]  (1907),  482:  Sabatier  and  Maiihe, 
Comf(.  renii.,  162  (1911).  669. 
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-at  different  points  in  the  different  cases;  but  we  certainly  ought 
to  know  what  the  hypotlietical  intermediate  stages  are.  Take 
the  case  of  methyl  acetate  with  nickel,  for  instance.  One  as- 
sumption might  be  that  we  have  a  methylene  dissociation: 

•  CH3C02CH,  =  CH3CO..H4-CH2  =  CH3CH3  +  C02 
A  second  assumption  is  that  methyl  splits  off: 

CHsCOjCHs  =  CH3CO2  +  CHa  =  CHsCHa  +  CO2 

A  third  assumption  might  be  a  splitting-off  of  both  methyl 
groups: 

CH3CO2CH3  =  2CH3  +  CO2  =  CH3CH3  +  CO2 

Is  any  of  these  what  happens  and  how  are  we  going  to  prove  it? 

This  should  tie  in  with  the  other  facts:  that  in  aqueous  solution 
.acetate  ion  goes  to  ethane  and  carbon  dioxide  when  set  free  at  the 
anode, 

2CH3C02  =  CH3CH3  +  COa; 

that  iodine  and  silver  acetate  give  a  50  per  cent  yield  of  methyl 
.acetate''"  and  silver  iodide 

2CH3C02Ag  + 12  =  2AgI  +  CH3CO2CH3  +  CO2 ; 

and  that  dry  lead  tetracetate  decomposes  quantitatively  at  about 
140°  into  lead  acetate,  methyl  acetate,  and  carbon  dioxide 

Pb(CH3C02)4  =  PbCCHsCOj),  +  CH3CO2CH3  +  CO2. 
The  question  also  comes  up  as  to  the  intermediate  stages  when 
the  esters  are  chlorinated  more  or  less  completely.  The  fact 
that  alumina  splits  superpalite  to  carbon  tetrachloride  and  car- 
bon dioxide,  while  ferric  oxide  splits  it  to  phosgene  suggests  that 
there  may  be  a  reversal  in  the  nature  of  the  decomposition  with 
increasing  substitution  by  chlorine.  It  also  makes  one  wish  to 
know  what  ferric  oxide  would  do  to  methyl  and  ethyl  acetate. 

In  at  least  two  cases  it  should  be  relatively  simple  to  determine 
the  reacting  radicals.  If  a  mixture  of  ethyl  acetate  and  hydro- 
gen is  passed  over  pulverulent  nickel,  it  is  probable  that  some 
or  all  of  the  initial  products  will  be  reduced  before  they  have 
time  to  react  in  the  normal  way.  A  study  of  the  reaction  prod- 
ucts will  therefore  throw  light  on  the  probable  mechanism  of 
the  reaction  which  occurs  in  the  absence  of  hydrogen.  If  the 
chief  products  were  ethane  and  ethyl  formate,  for  instance, 
we  should  conclude  that  the  original  break  had  been  into  CH3 
and  CO2C2H6.  If  the  chief  products  were  acetic  acid  and  ethane, 
we  should  be  justified  in  concluding  that  these  were  reduction 
products  of  CH3CO2  and  C2H6.  If  the  reaction  products  were 
chiefly  methane,  ethane,  and  either  carbon  dioxide  or  some  re- 
duction product  of  it,  we  should  undoubtedly  assume  that  ethyl 
acetate  splits  simultaneously  into  CH3,  CO2,  and  C2H6. 

If  ethyl  ether  is  passed  over  pulverulent  nickel,  the  dissocia- 
tion will  probably  be  either  to  CsHeO  +  C2H5  or  to  C2H6OC2H4. 
In  the  first  case  the  final  products  will  be  ethylene  and  water, 
2C2H4  -f-  H2O,  just  as  with  alumina  as  catalytic  agent,  because 
alumina  must  decompose  ether  in  this  way.  In  the  second  case 
the  final  products  are  likely  to  be  acetaldehyde,  ethylene,  and 
water,  CHaCHO  +  C2H4  -|-  H2,  though  the  acetaldehyde  may  of 
course  break  down  more  or  less  and  the  ethylene  may  combine 
with  the  hydrogen  to  form  ethane. 

Work  along  these  lines  has  been  started  by  two  members  of 
the  committee,  by  Professor  Adkins  at  the  University  of  Wis- 
consin and  by  Professor  Chambers  at  Brown  University.  Pre- 
liminary results  by  Mr.  Simon  at  Brown  University  indicate 
that  at  temperatures  above  300°  nickel  decomposes  ethyl  ether 
primarily  into  acetaldehyde,  ethylene,  and  hydrogen.  At  355° 
■ethylene  is  decomposed  by  nickel'"  into  methane,  ethane,  hy- 
drogen, and  carbon.  There  is  undoubtedly  some  hydrogenation 
of  some  of  the  reaction  products. 

Preliminary  experiments  at  the  University  of  Wisconsin  on 
the  action  of  nickel  on  ethyl  acetate  do  not  confirm  the  statements 
of  the  French  workers.     Instead  of  propane  being  the  chief 

■"  Simonini,  Monalsh.,  13  (1892),  320. 

'"  Rideal  and  Taylor.  "Catalysis   in  Theory  and  Practice,"  1920,    220. 


product.  Professor  Adkins  has  been  unable  to  find  any  propane 
while  working  over  a  range  of  temperature  from  250°  to  400°. 
It  is  possible  that  this  discrepancy  may  be  due  to  some  un- 
recognized differences  in  the  experimental  conditions;  but  this 
is  an  admirable  illustration  of  the  importance  of  verifying  all 
the  data  and  of  getting  the  experiments  in  such  a  form  that  they 
can  be  duplicated  by  anybody.  The  importance  of  this  is 
shown  in  some  other  results  obtained  by  Professor  AdkinS. 
With  ethyl  acetate  and  alumina  at  455  °  there  are  obtained  for 
the  first  few  minutes  two  volumes  of  ethylene  to  one  of  carbon 
dioxide,  indicating  that  the  reaction  is  taking  place  according 
to   the  equation 

2CH3C02C!H6  =  CH3COCH3  -|-  2C2H4  -t-  CO2  -|-  H2O 

which  is  what  it  should  do.     On  longer  running,  this  reaction 
becomes  less  important  until,  finally,  only  about  one-third  of  the 
decomposition  proceeds  according  to  this  equation,  the  remain- 
ing two-thirds  being  represented  by  the  equation 
CH3CO2C2H6  =  CH3C02H  -1-  CjH,. 

With  titania  prepared  by  solution  of  titanium  dioxide  in  con- 
centrated sulfuric  acid  and  precipitation  with  ammonia,  or  with 
titania  bought  from  the  Will  Corporation,  one-third  of  the  de- 
composition was  to  acetone  and  two-thirds  to  acetic  acid, 
just  as  with  alumina  which  had  been  used  for  quite  a  while. 
When  titania  was  prepared  by  precipitating  blue  titanous  hy- 
droxide from  a  solution  of  titanous  chloride  and  then  allowing 
this  to  oxidize  to  white  titanic  hydroxide  while  suspended  in  the 
solution,  this  catalyst  caused  two-thirds  of  the  decomposition 
to  be  to  acetone  and  one- third  to  acetic  acid.  Facts  like  these 
must  be  recognized  in  any  theory  which  may  be  developed. 
Judging  from  the  evolution  of  carbon  dioxide,  thoria  converts 
ethyl  and  propyl  acetates  quantitatively  into  acetone  according 
to  the  equations: 

2CH3C02C2H6  =  CH3COCH3  +  CO2  +  CoHsOH  +  CjH, 
2CH3C02C3H7  =  CH3COCH3  +  CO2  +  C3H7OH  +  C3H7 

Oxidation  Catalysts 

At  the  University  of  California  Professor  Bray  is  studying  the 
catalytic  oxidation"*  of  carbon  monoxide  by  air  in  presence  of 
various  oxides,  such  as  those  of  cobalt,  manganese,  copper, 
silver,  etc.     He  reports  informally  that: 

An  oxygen  carrier  catalyst  at  the  temperature  at  which  it  is 
operative  should  be  able  to  oxidize  the  reducing  agent  used, 
carbon  monoxide  for  instance,  and  should  be  restored  to  its  orig- 
inal condition  by  the  oxidizing  agent,  in  this  case  the  oxygen  of 
the  air.  The  actual  catalysis  involves  a  dynamic  equilibrium 
in  which  two  such  processes  take  place  simultaneously.  The 
following  experimental  results  seem  to  support  the  chemical 
theory  of  catalysis  and  particularly  the  idea  of  dynamic  equi- 
librium. When  a  catalyst  is  operating  at  a  temperature  some- 
what below  that  required  for  100  per  cent  efficiency,  a  "steady 
state"  is  soon  reached,  under  constant  experimental  conditions, 
in  which  the  catalyst  is  operating  at  a  definite  efficiency.  For 
example,  it  may  operate  at  60  per  cent  efficiency  at  a  tempera- 
ture 20°  below  that  at  which  it  operates  at  95  per  cent  efficiency. 

These  catalysts  are  highly  adsorbent,  porous  materials,  and 
it  is  not  surprising  that  the  catalyst  is  poisoned  when  easily  ad- 
sorbable  substances  are  present.  When  such  a  substance  is 
inert  and  sufficiently  volatile,  the  activity  of  the  catalyst  may 
be  restored  by  an  increase  of  temperature;  water  is  a  case  in 
point.  A  catalyst  which  is  active  at  room  temperature  or  lower 
gradually  becomes  inactive  and  remains  so  when  a  moderate  con- 
centration of  water  vapor  is  present;  but  it  operates  again  in 
a  satisfactory  manner  under  the  same  conditions  if  the  temper- 
ature is  raised  to  70°  to  90°.  At  room  temperature  enough  water 
is  adsorbed  to  form  a  capillary  film  in  the  pores  of  the  catalyst 
granules,  and  it  is  evident  that  the  poisoning  effect  in  this  case 
is  due  to  the  covering  action  of  the  film.  Tests  at  a  series  of 
temperatures  in  the  presence  of  a  definite  concentiation  of 
water  vapor  give  a  typical  efficiency- temperature  curve.  With 
a  lower  concentration  of  water  vapor  a  similar  curve  was  obtained 
at  somewhat  lower  temperatures.     Preliminary  results  indicate 

10a  This    is    a    continuation  of  the   work  described    by    Lamb,  Bray 
and  Frazer,  Tins  Journai.,  12  (1920).  217. 


548 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  6 


that  a  rather  inactive  catalyst  (for  instance  manganese  dioxide, 
which  does  not  operate  at  high  efficiency  with  dry  gas  until  a 
temperature  of  about  100°  is  reached)  is  also  poisoned  by  water 
vapor  and  gives  a  similar  efficiency-temperature  curve  at  still 
higher  temperatures. 

For  over  two  years  it  has  seemed  probable  that  carbon  dioxide, 
the  product  of  the  reaction,  might  have  a  poisoning  effect  similar 
to  that  of  water  vapor  but  of  course  at  lower  temperatures.  In 
fact  it  seemed  probable  that  the  desorption,  or  rate  of  removal, 
of  the  carbon  dioxide  might  be  the  Umiting  factor  in  determining 
the  lowest  temperature  at  which  an  active  catalyst  would  operate. 
The  experimental  work  to  decide  this  question  is  still  in  progress 
and,  though  incomplete,  it  seems  probable  that  in  many  cases 
sufficient  carbon  dioxide  is  adsorbed  to  account  for  the  de- 
crease in  activity  of  the  catalyst  at  low  temperatures. 


One  of  the  most  active  catalysts  is  a  mixture  of  60  per  cent 
MnOj  and  40  per  cent  CuO.  It  can  be  prepared  by  mixing  the 
separate  moist  hydrated  oxides  before  filtration  and  dehydration. 
It  operates  at  a  temperature  as  low  as  0°,  while  the  separate 
one-component  catalysts  prepared  from  its  constituents  are 
active  only  at  much  higher  temperatures  (e.  g.,  at  about  100° 
from  manganese  dioxide).  One  of  the  most  important  prob- 
lems is  to  account  for  the  extraordinary  increase  in  activity  of 
the  mixed  catalyst  compared  with  that  of  its  components.  It 
has  been  proved  that  the  mixed  catalyst  is  a  much  poorer  ad- 
sorbent for  carbon  dioxide  than  is  its  principal  constituent,  man- 
ganese dioxide;  but  while  this  is  very  important  it  would  not  be 
safe  to  generalize  on  the  basis  of  only  one  result. 

(To  be  concluded) 


The  Elimination  of  Industrial  Organic  Odors' 

By  Yandell  Henderson  and  Howard  W.  Haggard 
Laboratory  of  Apphbd   Physiology,  Yale  Uiovhesity,  New   Haven,   Connecticdt 


A  method  has  been  developed  for  the  elimination  of  industrial 
organic  odors  by  admixture  of  the  gaseous  emanation  with  very 
small  quantities  of  chlorine  gas.  Since  the  total  amount  of  odorif- 
erous substance  involved,  even  when  a  strong  and  exceedingly 
offensive  odor  is  distributed  over  many  square  miles  of  territory, 
is  very  small  in  absolute  amount,  it  is  necessary  to  use  only  a  cor- 
respondingly small  amount  of  the  deodorant  agent.  For  the  best 
results,  the  amount  of  chlorine  must  be  adjusted  with  considerable 
quantitative  accuracy.  This  process  has  been  patented  by  the 
authors  (1.410.249.  March  21,  1922). 

The  use  of  chlorine  has  the  advantage  that  it  is  already  in  use  for 
the  control  of  city  water  supplies,  and  apparatus  for  the  control 
and  precise  adjustment  of  the  flow  of  the  gas  is  manufactured  and 
already  widely  used.  It  can  be  readily  adapted  to  the  chlorination 
of  air. 

This  method  maizes  possible  a  great  economy  in  the  disposal  of 
the  garbage  of  a  large  city.  All  that  is  necessary  is  a  simple  drying 
plant  in  each  division  of  the  municipal  area,  rendered  inoffensive 
by  the  chlorination  of  its  effluent  vapor.  The  dried  material  may 
then  be  collected  in  a  central  plant  for  extraction  of  grease  or  other 
treatment. 

WHENEVER  a  considerable  population  lives  in  a  small 
area,  certain  special  hygienic  and  engineering  prob- 
lems arise,  particularly  the  problem  of  the  disposal 
of  wastes.  It  becomes  essential  to  keep  the  sewage  of  the  com- 
munity out  of  the  water  supply — as  New  York  does — or  at  least 
to  take  measures  to  minimize  the  risk  resulting  from  contamina- 
tion— as  the  Lake  cities  do.  Other  wastes  of  community  life  and 
of  industry  must  also  be  disposed  of;  or  must  be  so  treated  as 
to  become  of  commercial  value. 

Often  the  product  saved  from  the  waste  helps  to  cheapen  the 
material  from  which  it  originally  came.  Butcher's  meat  would 
cost  even  more  than  it  does  if  the  scraps  of  fat  and  bone  could  not 
be  sold  to  a  rendering  plant;  and  soap  might  be  a  luxtiry  for  the 
rich  only.  On  an  even  larger  scale  the  disposal  of  garbage  is  a 
city  problem,  not  only  of  elimination,  protection  of  health,  and 
esthetics,  but  also  of  the  recovery  of  valuable  materials  in  the 
forms  of  grease,  fertilizer,  and  such  by-products  as  silver  spoons. 
In  all  this  class  of  industries — such  as  rendering  plants,  garbage 
disposal  establishments,  the  so-called  fish  factories  on  the  val- 
uable seashore  front,  sewage  disposal  plants,  and  similar  estab- 
lishments— the  great  objection  and  difficulty  in  the  past  has  been 
the  smell,  offensive,  penetrating,  clinging,  and  under  certain 
atmospheric  conditions  carrying  for  miles. 

1  Received  March  11,  1922.      ,'' 
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Recently,  in  a  middle-western  city  on  a  misty  morning  with  a 
light  southerly  wind,  we  noticed  the  odor  of  a  garbage  disposal 
plant  a  mile  and  a  half  away.  As  the  plant  was  on  the  edge  of 
the  city  and  the  prevailing  wind  blows  from  it  over  a  large  urban 
and  suburban  district,  tens  of  thousands  of  people  are  at  times 
incommoded  and  real  estate  is  depreciated  by  hundreds  of  thou- 
sands, or  perhaps  rather  by  millions,  of  dollars.  Around  one 
New  England  city  a  careful  estimate  of  the  population  incon- 
venienced by  odors  from  rendering  and  garbage  plants  gave  a 
figure  approximating  150,000  people.  For  the  whole  of  the 
United  States  the  figures  must  be  in  the  millions  of  population, 
and  in  the  hundreds  of  millions  of  dollars  for  depreciated  resi- 
dential property.  The  problem  of  the  elimination  of  industrial 
organic  odors  is  therefore  a  matter  of  public  importance  well 
worthy  of  scientific  study. 

Until  recently,  however,  no  attempts  to  abate  this  nuisance 
have  effected  anything  more  than  a  slight  mitigation.  Com- 
plete success  has  seemed  to  be  almost  unattainable.  Municipal 
political  campaigns  have  turned  on  the  issue  of  closing  down  plants 
representing  investments  of  very  large  sums  of  money,  and  the 
resulting  makeshifts  in  waste  disposal  have  brought  with  them 
unesthetic   and   unsanitary   consequences. 

Now,  however,  by  fixing  attention  not  upon  the  material  from 
which  the  odor  comes,  but  upon  the  odor  itself,  that  is,  the  gase- 
ous emanation  in  the  air,  and  by  applying  to  this  emanation 
chlorine  gas  by  the  process  to  be  here  described  we  have,  we  be- 
lieve, virtually  solved  the  problem.  But  before  describing  fur- 
ther the  principles  and  experiments  upon  which  our  discovery 
and  invention  rest,  it  will  be  well  to  consider  briefly  some  fea- 
tures of  what  is  known  of  the  sense  of  smell  and  the  nature  of 
odors. 

Natijre  of  Odors 

Few  subjects  are  more  obscure.'  The  physiology  of  smeU 
has  indeed  in  the  hands  of  Zwaardemaker  in  recent  years  made 
progress,  but  much  remains  unknown.  It  is  an  extremely  primi- 
tive sense  possessed  by  virtually  all  animal  organisms.  Often 
it  is  the  sense  to  which  the  chief  vital  responses  of  food,  e.scape, 
and  sex  are  adjusted.  Even  in  man,  in  whom  this  sense  seems 
to  have  retrograded,  it  is  probable  that  some  of  the  most  funda- 
mental instincts — particularly  the  first  and  last  above  mentioned 
— are  more  or  less  subconsciously  dependent  upon  odors.  Hum- 
boldt reported  that  certain  Peruvian  Indians  could  follow  a 
trail  by  scent  as  reliably  as  a  hound.  In  some  persons  even 
very  faint  odors  may  induce  nausea. 

*  Most  of  the  facts  and  references  here  given  are  quoted  from  Tigerstedt's 
"Textboolc  of  Physiology,"  translated  by  Murlin,  New  York,  1906. 
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The  olfactory  sense  is  not,  as  might  be  supposed,  located  in 
the  nasal  passages  proper,  but  in  the  olfactory  epithelium  or 


Fig.  1 — Apparatus  foi  control  of  the  chlorine  injected  into  vapor-carrying 
odors  at  Municipal  Garbage  Plant,  New  Bedford,  Mass.  The  well-known 
control  apparatus  manufactured  by  Wallace  and  Tiernan  for  chlorinating 
water  supplies  has  been  modified  and  adapted  to  the  purpose  of  destroying 
odors 

membrane  covering  only  a  small  part  of  the  septum  high  above 
each  nostril — a  total  area  of  less  than  a  square  centimeter. 
The  breath  does  not  therefore  pass  over  this  membrane  which  is 
innervated  by  the  first  or  olfactory  nerves.  The  lining  of  the 
nasal  passages  proper  is  on  the  contrary  innervated  by  branches 
of  the  fifth  cranial  nerve,  and  irritation  of  that  membrane  there- 
fore causes  not  a  sense  of  smell,  but  a  tickling  which  induces 
sneezing.  Usually  it  is  by  diffusion  into  the  upper  chambers  that 
odorous  gases  or  vapors  or  emanations  reach  the  olfactory  mem- 
brane. It  is  only  when  the  flow  of  air  along  the  nares  is  made  to 
vary  or  move  in  puffs  by  sniffing,  that  puffs  of  air  containing 
the  smell-exciting  substances  are  thrown  directly  against  the 
membrane. 

In  part  the  sense  of  taste  in  its  common  acceptance  is  de- 
pendent upon  aromas.  The  connoisseur  of  a  fine  wine  could 
complete  his  satisfaction  only  when,  after  swallowing  and  draw- 
ing a  little  breath  through  the  mouth,  the  air  bearing  the  aroma 
was  exhaled  through  the  nose,  and  was  thus  diffused  to  the  ol- 
factory membrane. 

At  one  time  the  character  of  odoriferous  stimulation  was 
supposed  to  depend  upon  vibrations  of  the  substances,  a  mechan- 
ical instead  of  a  chemical  action.  This  view  seemed  to  accord 
with  the  fact  that  some  substances  giving  off  a  strong  odor  for 
a  long  time,  such  as  musk,  undergo  no  loss  of  weight  detectable 
with  the  chemical  balance.  When,  however,  Berthollet  placed 
camphor  in  a  vacuum  over  mercury,  a  lowering  of  the  column 
finally  became  perceptible,  thus  demonstrating  a  material 
emanation  of  the  general  character  of  a  gas. 

Tyndall,  in  his  well-known  investigations  on  the  absorption 
of  radiant  heat  during  passage  through  gases,  found  that  the 


presence  in  air  of  odoriferous  substances  causes  a  far  larger  ab- 
sorption than  pure  air.  With  some  substances,  such  as  oil  of 
rose,  the  absorption  increased  36  times,  and  with  oil  of  anise 
372  times. 

Another  peculiar  property  of  odors  is  their  tendency  to  ad- 
sorption. The  use  of  so-called  fixatives,  such  as  balsam,  is  the 
basis  of  the  perfumery  industry.  Some  odors  hang  in  clothing 
almost  indefinitely.  During  a  visit  to  a  particularly  odorous 
factory,  one  of  us  wore  a  rain  coat  of  closely  woven,  smooth  cloth. 
But  for  two  days  thereafter,  even  with  constant  airing,  the  sleeve 
of  the  coat  needed  only  to  be  brought  near  the  nose  for  it  to  be 
made  clear  that  the  vapor  which  had  condensed  on  the  surface 
was  coming  off.  Presumably  this  indicates  large  molecules  or 
aggregations. 

In  another  observation  an  attempt  was  made  to  draw  a  large 
bottle  fuU  of  the  emanations  of  rotting  mixed  manure.  One  end 
of  a  rubber  tube  was  inserted  in  the  manure  and  the  other  end 
was  connected  with  an  air  space  in  the  bottle  which  was  nearly 
full  of  water.  The  water  was  then  syphoned  off,  and  one's 
nose  cautiously  applied  to  the  top  of  the  bottle.  But  instead 
of  an  overpowering  stench,  there  was  no  smell  whatever.  Pre- 
sumably all  of  it  had  condensed  in  the  tube. 

The  amounts  of  some  substances  mixed  with  air  which  are 
detectable  have  been  determined.  In  the  case  of  ethyl  ether 
0.005  mm.  per  1.  of  air  is  perceptible.  With  camphor  a  figure 
of  0.005  is  given;  for  essence  of  orange,  0.00005.  For  hydrogen 
sulfide  we  have  found  an  amount  of  less  than  0.000001  mg. 
per  1.  of  air  is  perceptible  although  the  nose  rapidly  loses  its 
power  to  distinguish  such  an  odor.  But  for  the  really  odorous 
substances  like  mercaptan  the  amounts  usually  given  as  percepti- 
ble are  as  little  as  0.00000004  mg.  per  1.  of  air. 

These  facts  when  held  firmly  under  attention  afford  a  conclu- 
sion which,  now  that  it  has  been  drawn,  needs  only  to  be  stated 
to  be  almost  self-evident.  And  yet  there  is  between  the  known 
facts  and  this  simple  conclusion  one  of  those  mental  obstacles 
which  show  how  far  from  being  a  logical  machine  the  human 
mind  is.  The  conclusion  to  be  stated  and  discussed  below  did 
not  come  to  us  at  once  and  complete  through  reasoning,  but 
gradually  and  through  experimental  study.  To  state  it  now  as 
an  a  priori  deduction  from  the  facts  known  about  odors  is  there- 
fore a  reversal  of  the  process  by  which  the  conclusion  was  reached. 

Deodorants 

The  conclusion  is  simply  this:  The  total  amount  of  odoriferous 
substance  involved,  even  when  a  strong  and  exceedingly  offen- 
sive odor  is  distributed  over  many  square  miles  of  territory, 
is  in  absolute  amount  very  small,  perhaps  only  a  few  grams,  or 
at  most  only  a  few  pounds  or  kilograms.  Therefore,  a  process 
which  would  effect  the  mixture  with  the  odoriferous  substance 
of  some  deodorant  agent,  such  as  chlorine,  need  use  only  a  corre- 
spondingly small  amount  of  that  agent.  This  small  amount 
properly  applied  would  give  completely  the  relief  urgently  de- 
manded, and  heretofore  largely  demanded  in  vain,  by  large 
sections  of  the  population  who  are  compelled  to  live  in  regions 
over  which  such  odors  are  spread  by  the  winds. 

The  psychological  obstacle  above  referred  to  seems  to  consist 
in  the  innate  objectivity  of  the  human  mind.  When  looking 
at  any  object,  one  inevitably  thinks,  not  of  the  light  rays  reaching 
the  eye,  but  of  the  material  thing  from  which  these  light  rays 
were  emitted  or  reflected.  In  regard  to  sounds  such  as  piano 
music  one  thinks,  not  of  the  vibration  in  the  organ  of  Corti  in  the 
ear,  but  of  the  piano  string  or  even  more  of  the  fingei-s  of  the 
musician.  So  in  regard  to  odors,  one  thinks  not  of  the  minute 
amoimt  of  emanation  in  his  nostrils,  but  of  the  material  source 
from  which  that  emanation  has  come.  Often  this  material — 
be  it  rotten  manure,  decayed  animal  bodies,  fermenting  garbage, 
rancid  fish  scrap,  or  large  volumes  of  sewage — is  present  in 
amounts  running  into  hundreds  of  tons,  or  thou.sauds  of  gallons. 
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Obviously  to  act  upon  the  whole  of  such  a  mass  would  involve 
much  machinery  and  a  great  quantity  of  the  deodorant;  perhaps 
tons  of  chlorine  would  be  needed  if  mixed  with  such  material. 
There  would  be  a  corresponding  continual  expense,  and  in  some 
cases  an  incidental  deterioration  of  the  material  by  the  chemical 
action. 

The  application  of  the  principle  above  stated — the  action 
of  a  comparatively  small  amount  of  chlorine  upon  the  gaseous 
odoriferous  emanation  from  organic  material — requires  there- 
fore that  the  deodorant  should  not  be  applied  to  the  material 
giving  off  the  odor.  On  the  contrary,  that  material  in  whatever 
bulk  it  may  be  should  be  handled,  dried,  digested,  aerated — 
or  whatever  the  process  may  be — in  some  closed  space  from  which 
all  the  odorous  gaseous  emanations  may  be  drawn  off  in  a  current 
of  air  through  a  duct.  Then  the  deodorant  is  to  be  added  so  as 
to  mix  with  and  act  upon  the  emanation. 

For  best  results  the  amount  of  chlorine  must  be  adjusted  with 
considerable  quantitative  accuracy.  .The  adjustment  partakes, 
as  we  have  found,  of  the  nature  of  a  titration,  for  if  the  deodorant 
is  insulBcient,  some  of  the  emanation  escapes,  and  to  the  nose  a 
little  is  often  as  offensive  as  much.  The  nose  is  not  arithmetical. 
If  the  deodorant  is  excessive,  it  may  of  itself  be  a  nuisance  to 
the  population  of  the  district.  Excess  of  chlorine  and  the  odorif- 
erous substances  upon  which  it  can  act  never  exist  together  for 
more  than  a  very  brief  period  of  time. 

It  will  be  seen  that  the  process  thus  indicated  differs  in  theory 
fundamentally  from  that  of  removing  a  constituent  of  a  mixtiu-e 
of  gaseous  substances,  such  as  an  odor,  by  means  of  an  apparatus 
of  the  type  of  an  absorber  containing  solid  or  liquid  substances, 
such  as  chloride  of  lime,  or  hypochlorite  solution,  and  depending 
upon  the  gaseous  emanation  being  blown  against  the  solid  or 
liquid  deodorant.  Indeed,  while  odoriferous  substances  are 
gaseous  in  their  general  nattire,  they  are  of  such  large  molecules 
or  aggregations  that  their  rate  of  vibration  or  molecular  move- 
ment is  low.  Their  chance  of  colliding  with  solid  material  or 
liquid  particles  or  surfaces  through  their  own  energy  and  thus 
effecting  absorption  is  therefore  small.  Their  contact  with 
stationary  absorbing  surfaces  is  correspondingly  poor,  just  as 
in  the  absorber  of  the  Army  gas  mask,  the  charcoal  which  ab- 
sorbed chlorine,  phosgene  and  other  gases  of  small  molecular 
weight,  allowed  smoke  and  other  suspensions  to  pass  unabsorbed. 
This  may  seem  to  contradict  what  has  been  said  above  regarding 
the  adsorption  of  smells;  but  in  practice  both  statements  hold 
true. 

In  its  essentials,  therefore,  the  process  which  we  are  here 
describing  depends  upon  the  interaction  of  odoriferous  substances 
with  chlorine  when  both  are  in  the  gaseous  or  vapor  phase. 
In  this  condition  it  is  possible,  if  the  mixture  is  effected  and 
confined  in  a  chamber  or  duct  for  the  brief  period  needed  for  the 
reaction,  to  obtain  a  perfection  of  mixture  and  completeness 
of  reaction  such  that  every  chlorine  molecule  finds  and  exerts 
its  oxidizing  action  upon  a  particle  of  odoriferous  emanation. 
To  achieve  this  object  chlorine  gas  is  injected  into  a  duct  or  cham- 
ber through  which  the  odorous  vapors  are  passing.  The  chlorine 
is  obtained  from  cylinders  of  the  liquefied  gas  which  are  now  a 
regular  commercial  article.  They  are  sold  for  bleaching  purposes 
in  various  industries.  Chlorine  applied  to  city  water  supplies 
has  largely  freed  us  from  typhoid  epidemics.  Indeed  it  was 
the  question  whether  or  not  chlorine  could  be  applied  to  con- 
taminated and  polluted  air,  without  applying  it  to  the  material 
producing  the  smell,  which  led  to  the  process  here  described. 

The  advantage  of  applying  somewhat  the  same  type  of  process 
to  air  as  to  water  lies  in  the  fact  that  apparatus  for  the  control 
and  precise  adjustment  of  the  flow  of  chlorine  gas  for  the  chlorin- 
ation  of  water  has  already  been  developed,  and  is  now  manu- 
factured and  widely  used.  With  a  little  modification  it  is  adapted 
to  the  chlorination  of  air.  But  it  is  to  be  noted  that  in  theory 
the  chlorination  of  air  is  an  altogether  different  thing  from  the 


chlorination  of  water;  for  in  the  latter  the  offensive  substances 
(bacteria,  etc.)  are  aimed  at  and  acted  upon,  in  the  former 
only  their  emanations. 

Use  OF  Chlorine 

To  come  now  to  details :  Suppose  an  industry  is  located  in  the 
midst  of  a  thickly  settled  district  and  depends  upon  that  dis- 
trict for  its  market.  Its  product  is  perishable  and  must  be  sold 
quickly.  The  raw  material  out  of  which  this  product  is  finally 
obtained  consists  of  hundreds  of  tons  of  the  most  offensive  waste, 
garbage  or  offal,  which  must  be  stored  and  then  treated  on  the 
premises.  The  expense  of  chlorinating  the  whole  mass  would 
be  enormous  and  the  material  would  be  injured  and  less  sal- 
able if  chlorinated.  Here  surely  from  the  standpoint  of  the 
neighborhood  is  a  problem  in  the  elimination  of  odors.  The 
material  is  handled  in  a  large  closed  hall  or  chamber  where  it 
may  be  turned  and  aerated  by  hand  or  machinery;  it  may  be 
digested  with  steam  in  vats  or  put  through  a  dryer;  and  once 
dried  even  the  most  offensive  material  practically  loses  its  power 
to  give  off  odor  until  again  moist. 

The  flue  from  the  dryer  is  led  to  the  chlorinating  chamber  or 
duct;  the  vents  from  the  digesters  after  passing  through  con- 
densers are  likewise  carried  to  the  chlorinating  chamber.  If 
the  material  is  merely  turned  and  aerated  on  the  floor  or  pressed 
or  otherwise  treated,  the  vapors  which  rise  in  the  carefully  closed 
hall  are  drawn  off  through  an  opening,  or  a  few  openings,  usually 
high  on  the  walls  or  on  the  ceiling.  From  this  opening  a  fan, 
capable  of  handling  several  thousand  cubic  feet  of  air  per  minute, 
draws  the  contaminated  air  and  drives  it  through  a  chamber 
or  along  a  duct  to  the  final  effluent,  or  in  some  cases  to  a  stack. 

Just  beyond  the  fan  a  tube  of  only  a  few  millimeters  diameter — 
it  may  be  a  piece  of  small  iron  gas  pipe — is  run  into  the  duct, 
and  there  discharges  the  chlorine  gas  which  is  fed  into  it  through 
the  control  apparatus  from  cylinders  of  liquid  chlorine  located 
at  some  convenient  point. 

The  duct,  or  chamber,  through  which  the  chlorine  and  odorif- 
erous emanations  are  discharged  must  be  large  enough  and 
must  have  sufficiently  strong  vapor  currents  to  effect  complete 
mixture  of  emanation  and  deodorant,  so  as  to  allow  the  kinetic 
energy  of  the  chlorine  gas  molecules  to  find  and  attack  every 
one  of  the  large  slow-vibrating  particles  of  emanation.  If  there 
is  dust,  it  must  be  removed  by  a  scrubber  before  the  chlorine  is 
admitted ;  for  only  the  exterior  of  the  dust  particles  is  acted  upon, 
and  unless  the  chlorine  is  then  in  large  excess,  the  odor  returns 
out  of  the  unchlorinated  centers  of  the  particles  when  the  dust 
settles,  perhaps  a  mile  or  more  away  from  the  plant. 

At  first  we  feared  that  when  large  amounts  of  ammonia  were 
present,  along  with  the  more  actively  odoriferous  substances, 
the  chlorine  would  be  absorbed  by  reaction  with  the  ammonia 
and  would  thus  fail  of  its  piUTJOse.  Unless  sufficient  chlorine 
were  added  to  react  or  combine  with  all  of  the  ammonia,  the 
deodorant  effect  would  then  be  ineffective  or  incomplete.  We 
have  indeed  found  that  there  is  always  a  formation  of  ammonium 
chloride,  as  shown  by  the  characteristic  mist;  but  our  experience 
proves  that  the  action  of  the  chlorine  upon  the  odorous  emana- 
tion is  not  considerably  impeded  or  reduced  even  by  the  presence 
of  such  large  amounts  of  ammonia  as  are  exhaled  from  actively 
fermenting  manure.  Even  a  few  pounds  of  chlorine  per  day 
have  proved  effective  in  deodorizing  a  current  of  stinking  air, 
although  this  air  contained  sufficient  ammonia  to  produce  an 
ammonium  chloride  cloud,  and  although  its  volume  was  in  the 
thousands  of  cubic  feet  per  minute.  Evidently  the  chlorine 
molecules — or  the  intermediate  hypochlorite  or  minute  amounts 
of  nitrogen  chloride  formed  by  reaction  of  chlorine  with  water 
or  ammonia — select  the  odorous  substances  as  the  objects  for 
their  particular  action. 

The  presence  of  water  vapor  appears  to  be  an  essential  con- 
dition for  the  efficient  action  of  chlorine;  for  as  has  already 
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been  intimated  the  reaction  of  clilorine  is  probably  first  with  the 
water  to  form  hypochlorite,  which  then  reacts  to  oxidize  the 
odorous  substances.  It  may  be,  however,  that  some  of  these 
substances  belong  to  the  class  of  unsaturated  fatty  acids,  in  which 
case  they  would  be  subject  to  direct  addition  reactions  with 
chlorine.  From  laboratory  experiments  we  have  gained  the 
impression  that  with  the  vapors  from  such  substances  as  manure, 
nearly  all  of  the  chlorine  finally  reaches  the  form  of  ammonium 
chloride. 

One  of  the  applications  of  this  process  may  be  particularly 
instanced.  At  present  the  most  sanitary  method  of  treating 
garbage  is  that  of  the  Cobwell  process      By  this  process  the 


Fig.  2 — Vapor  discharged  through  duct  from  direct  heat  drier  at  Munic- 
ipal Garbage  Plant,  New  Bedford,  Mass.  Chlorine  gas  has  been  intro- 
duced into  the  upper  part  of  the  duct  and  the  effluent  vapor  is  entirely 
deprived  of  odor 

material  is  mixed  with  naphtha  and  cooked  in  large  steam  re- 
torts or  digestors.  It  is  thus  in  great  part  dehydrated,  while 
at  the  same  time  the  naphtha  absorbs  the  grease,  which  can  then 
be  recovered.  The  whole  process  in  a  well-equipped  plant  may 
be  kept  sufficiently  inclosed  so  that  the  total  amount  of  odor 
escaping  is  very  much  reduced  below  that  occurring  in  the  com- 
moner process  of  direct  digestion  with  steam  followed  by  treat- 
ment in  presses  and  evaporation.  But  when  the  market  for 
grease  drops  below  a  certain  point  and  the  process  is  reduced  to 
merely  getting  rid  of  the  garbage  and  producing  fertilizer,  it 
becomes  economically  impossible.  Evidently  at  such  times, 
and  the  present  is  such  a  time,  it  would  be  most  advantageous 
merely  to  dry  the  garbage  direct ;  but  to  do  so  produces  a  quantity 
of  odorous  emanation  far  greater  than  either  of  the  processes 
above  mentioned.  Recently  the  city  of  New  Bedford,  relying 
upon  the  chlorination  process  here  described,  has  installed  a 
direct  heat  dryer.  By  this  means  the  raw  garbage  is  dried 
while  the  emanation  is  deodorized  in  a  long  duct  before  being 
allowed  to  escape  to  the  outside  air.  The  dried  material  is  quite 
inoffensive,  much  lighter  and  less  bulky  than  before,  and  capable 
of  sale  for  fertilizer,  or  for  transportation.  Furthermore,  it  is 
found  that  when  this  material  is  put  through  the  Cobwell  pro- 
cess, of  which  the  city  has  a  plant,  only  one-third  as  much  time 
is  required  as  formerly  to  evaporate  off  the  remaining  water  and 
extract  the  grease.  The  capacity  of  the  plant  is  thus  virtually 
tripled. 

It  now  becomes  possible,  therefore,  to  effect  a  great  simpli- 
fication and  economy  in  the  disposal  of  the  garbage  of  a  large 
city.  In  each  division  of  the  municipal  area  there  may  be  a 
simple  drying  plant,  rendered  inoffensive  to  its  neighborhood 
by  chlorination  of  the  effluent  vapor.  The  dried  material, 
•which  loses  more  than  two-thirds  its  weight  of  water,  may  then 


be  transported  to  a  central  plant  for  extraction  of  grease,  or  such 
other  treatment  as  commercial  conditions  render  profitable. 

For  some  years  past  chlorine  has  been  used  in  treating  sewage. 
But  large  quantities  of  chlorine  are  needed  even  to  kill  the  bac- 
teria, and  much  larger  would  be  requisite  if  all  the  organic  matter 
were  to  be  acted  upon.  By  merely  keeping  the  material  enclosed 
or  covered  during  whatever  treatment  is  given  it  and  chlorinat- 
ing merely  the  vapor  from  it,  elimination  of  aerial  nuisance  at 
a  comparatively  small  expense  now  becomes  feasible.  In  prin- 
ciple the  process  is  so  simple  that  many  of  the  men  experienced 
in  the  industries  concerned  have  to  see  it  in  operation  to  become 
convinced  of  its  efficiency.  Once  installed  it  runs  almost  auto- 
matically. But  for  the  initial  adjustment  of  quantities  it  in- 
volves a  degree  of  skill  and  judgment  which  require  a  consider- 
able experience  to  attain. 

Finally,  as  an  illustration  of  the  idea  of,  so  to  speak,  titrating 
or  balancing  gas  against  gas,  it  may  Be  pointed  out  that  if  in 
another  war  the  wave  of  chlorine  were  to  be  used,  as  in  the 
first  German  gas  attack  in  the  World  War,  the  liberation  of  an 
odorous  organic  emanation  or  gas  in  front  of  it  would  make  an 
effective  protective  barrier. 


The  Resources  of  the  South 

In  addressing  the  General  Meeting  of  the  Society  at  Birming- 
ham, Mr.  William  H.  Stone,  Associate  Editor  of  the  Manufactur- 
ers Record,  offered  some  interesting  statistics  in  regard  to  the 
South's  resources  and  present  production. 

The  capital  of  the  South  in  manufactures  in  1920  was  nearly 
$7,000,000,000,  and  the  value  of  its  manufactured  products  was 
nearly  $10,000,000,000. 

The  South  produces  practically  all  the  cotton  raised  in  the 
United  States,  or  about  60  per  cent  of  all  grown  in  the  world.  It 
has  the  world's  largest  sulfur  deposits  and  is  producing  about  three- 
fourths  of  the  world's  supply.  It  has  the  greatest  natural-gas 
fields  known  in  the  world.  It  has  three-fourths  of  the  coking 
coal  area  of  the  United  States,  and  its  total  coal  area  is  twice  as 
great  as  that  of  all  Europe,  including  Russia.  It  has  been  esti- 
mated that  the  South  has  a  minimum  of  2,600,000,000  tons  of 
red  and  brown  iron  ores  of  commercial  grade,  not  including  the 
clay  iron  ores  of  Alabama  or  the  enormous  reserves  of  low-grade 
red  ores.  It  has  an  estimated  oil  reserve  of  5,000,000,000  bbls. 
(about  55  per  cent  of  the  country's  supply),  over  40  per  cent  of 
the  country's  forest  area  and  nearly  one-foiu'th  of  the  standing 
saw  timber,  and  water-power  potentialities  sufficient  to  develop 
9,000,000  or  more  of  hydroelectric  power. 

At  present,  the  South  is  producing  the  following  approximate 
percentages  of  the  coimtry's  supply: 


Bauxite 100 

Fuller's  earth lUO 

Turpentine  and  rosiu 100 

Sulfur 99 

Phosphate  rock 99 

Crude  barytes 92 

Aluminium 90 

Carbon  black  from  natural  gas  .  .  89 

Natural-Kas  gasoline 75 

Commercial  fertilizers 66 

Natural  gas 60 


Graphite 60 

Petroleum 57 

Mica 51 

Quartz 50 

Asbestos 48 

Lead 45 

Zinc 42 

Feldspar 40 

Pyrites 33 

Talc  and  soapstone 33 

Lime 30 


The  April  meeting  of  the  New  Jersey  Chemical  Society,  held 
at  Stetter's  Hall,  Newark,  N.  J.,  Monday  evening,  April  17, 
proved  to  be  one  of  the  largest  ever  held  by  this  rapidly  growing 
organization.  Prof.  W.  D.  Harkins  of  the  University  of  Chicago 
gave  a  very  interesting  lectiu-e  on  "Separation  of  the  Elements 
Chlorine  and  Mercury  into  Isotopes,  and  the  Building  of  Atoms." 
A  considerable  number  of  the  members  took  part  in  the  discus- 
sion following  the  lecture,  which  was  led  by  Prof.  George  B. 
Pegram  of  Columbia  University  and  Prof.  George  Winchester 
of  the  State  University  of  New  Jersey. 

At  the  business  session  which  preceded  the  lecture  the  1921 
officers  were  unanimously  reelected.     The  officers  are; 

President:  R.  G.  Wright  Secretary:  F.  D.  Grans 

Vice  Presiilen!:  C.  P.  Tiros  Treasurer:  A.  R.  Culumorh 

Directors;  E.  G.  Jarvis,  S.  Skowronski 

After  considerable  discussion  of  a  resolution  introduced  by 
Mr.  Williams  Haynes,  the  Society  went  on  record  as  favoring 
American  valuation  in  the  proposed  tariff,  in  so  far  as  it  refers 
to  chemicals,  and  excepting  those  products  which  are  already 
covered  by  adequate  embargo  provisions. 
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Burning  of  Two  Hundred  Thousand  Pounds  of  Picric  Acid 

at  Sparta,   Wisconsin" 


By  Charles  E.  Munroe 
National  Research  Council,  Washington,  D.  C. 


ON  September 28, 1921,  at  about  3  :50p.m., fire  was  discovered 
in  Picric  Acid  magazine  No.  263  at  the  Sparta  Ordnance 
Reserve  Depot,  Sparta,  Wis.,  which,  through  wind-blown 
sparks  or  burning  grass  or  brush,  was  communicated  to  maga- 
zine No.  264,  situated  800  ft.  to  the  north  of  magazine  No.  263. 
Within  30  min.  after  fire  was  first  discovered,  the  fire  in  magazine 
No.  264,  with  the  various  grass  and  brush  fires  resulting  from  the 
original  fire,  was  either  entirely  extinguished  or  completely 
under  control,  owing  to  the  effective  and  most  courageous  be- 
havior of  a  body  of  some  fifty  men  who  were  promptly  assembled 
and  efficiently  directed  by  the  commanding  officer  of  the  Depot. 

Sparta  General  Ordnance  Depot 

The  government  reservation  known  as  the  General  Ordnance 
Depot  at  Sparta,  Wis.,  comprises  about  14,000  acres,  of  which 
about  7000  acres  have  been  utilized  for  the  temporary  storage 
of  high  explosives  and  other  material.  The  ground  is  rolling, 
and  the  area  includes  a  number  of  substantial  hills  in  the  form  of 
ridges  which  so  wind  about  as  to  form  pockets  in  the  lower  levels. 
The  soil  is  sandy  and  rapidly  absorbs  water,  so  that  there  has 
been  little  or  no  grooving  of  the  pockets  by  running  water. 
The  area  is  well  covered  with  scrub  oak. 

Magazines 

The  magazines  were  placed  in  the  pockets  and  on  the  lower 
levels  and  are  spaced  800  ft.  or  more  apart,  being  barricaded  by 
the  intervening  ridges  and  the  scrub  oaks  and  brush.  The  mag- 
azines in  use  are  of  tK'o  types,  namely,  the  "Burton  portable 
barracks,"  which  have  been  adapted  to  this  use,  and  the  "open 
shed"  type.  Magazines  No.  263  and  No.  264,  which  were  on 
fire  September  28,  1921,  were  of  the  "open  shed"  type,  and  con- 
structed as  follows: 

Dunnage,  2  in.  by  4  in.,  with  1-in.  boards  laid  across  them  and 
close  together,  were  placed  on  the  cleared  and  leveled  ground 
and  the  explosives  pUed  on  this.  The  whole  was  covered  by  a 
corrugated  asbestos  roof  supported  by  2  in.  by  4  in.  and  1  in.  by 
6-in.  roof  trusses  of  20-ft.  span  on  4  ft.  by  4  ft.  posts,  6  ft.  high 
at  eaves  and  spaced  8  ft.  on  center.  The  roof  had  an  overhang 
of  2  ft.  on  all  sides. 

It  is  to  be  recalled  that  at  the  declaration  of  the  Armistice  the 
explosives  factories  of  this  country  were  manufacturing  at  top 
speed  and  in  increasing  number  so  that  in  January  1919  there 
were  probably  much  over  300,000,000  lbs.  of  smokeless  powder 
and  high  explosives  scattered  over  the  eastern  and  densely  pop- 
ulated states.  Owing  to  the  number  of  disasters,  some  of  great 
magnitude,  and  especially  that  at  Morgan,  N.  J.,  in  October  1918. 
there  arose  a  widespread  demand  that  these  great  accumulations 
be  inunediately  removed  from  states  such  as  New  Jersey,  Penn- 
sylvania, and  Delaware,  and  to  meet  these  demands  promptly 
the  Ordnance  Department  was  compelled  to  resort  to  such  tem- 
porary expedients  as  the  erection  of  the  open  shed  type  of  maga- 
zines in  locations  remote  from  habitations,  such  as  that  at  Sparta. 

Receipt  of  Picric  Acid 

The  picric  acid  magazine  No.  263  was  received  at  Sparta  dur- 
ing June,  July,  and  August  1919,  packed  in  barrels  conforming 
to  I.  C.  C.  Specifications  No.  10.  Each  barrel  contained  ap- 
proximately 400  lbs.  net  dry  weight  of  picric  acid  and  was  shipped 

1  Received  March  16,  1922. 

'  Published  by  permission  of  the  Chief  of  the  Ordnance  Department, 
U.  S.  A. 


to  Sparta  as  a  "solid  inflammable  material"  containing  10  per 
cent  of  moisture.  It  was  accepted  by  the  Ordnance  Department, 
U.  S.  A.,  imder  Specifications  No.  GE-317,  which,  among  other 
characteristics,  required  that  "it  must  be  of  such  a  degree  of 


Fig.  1 — Ofkn  Sued  Type  of  Magazine 

fineness  that  all  shall  pass  through  a  12-mesh  screen  having  open- 
ings of  0.058-in.  and  wire  of  0.025-in.  diameter."  The  barrels 
were  stacked  in  the  magazine  on  end  and  three  high  as  close  to- 
gether as  possible.  Originally  this  magazine  contained  217,880 
lbs.  of  picric  acid,  but  deliveries  of  part  of  the  stock  had  been 
made,  so  that  at  the  time  the  fire  broke  out  in  this  magazine  there 
were  but  500  bbls.  or  200,000  lbs.  of  picric  acid  stored  there. 
The  deliveries  had  been  made  from  the  center  of  the  pile  so  that 
as  one  approached  the  magazine  on  the  south  or  north  side  an 
aisle  was  to  be  observed  between  the  barrels  which  space  had 
previously  been  occupied  by  some  forty-five  barrels.  The 
picric  acid  in  this  magazine  was  a  part  of  the  surplus  war  material 
that  had  been  allotted  to  the  Department  of  Agriculture  for  dis- 
tribution by  the  Bureau  of  Public  Roads  in  industrial  projects, 
and  it  was  being  conveyed  as  fast  as  practicable  to  the  plant  of 
M.  J.  Connolly  &  Company  within  the  reservation  where  it 
was  cartridged  and  packed  under  contract  with  the  Bureau  of 
Public  Roads. 

Fire  Protection 

Each  magazine  was  entirely  surrounded  by  a  fire  break,  50 
ft.  in  width,  made  by  plowing.     Barrels  of  water  and  buckets 


Fig.  2 — Sifting  Out  op  Picric  Acid 
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were  placed  near  at  hand  outside  each  magazine  and  supplies  of 
shovels,  with  which  to  smother  fires  by  covering  them  with  sandy 
soil,  and  brooms,  for  beating  out  brush  and  grass  iires,  were  kept 
at  convenient  points  in  the  area.  A  chemical  fire  engine  was  in- 
duded  in  the  equipment  of  the  depot,  and  the  area  was  patrolled. 

Condition  op  Packages 

It  is  evident  that  the  picric  acid  packages,  stored  as  described 
above  in  magazines  No.  263  and  No.  264,  were  exposed  freely 
to  the  wind  and  to  an  extent  directly  to  the  sun.  Owing  to 
extreme  heat  and  dryness  during  the  summer,  crevices  developed 
between  the  staves  of  a  number  of  the  barrels,  thus  permitting 
the  contents  to  become  more  or  less  dried  out.  To  ascertain  to 
what  extent  this  may  have  occurred  three  barrels  were  taken 
from  different  positions  horizontally  and  vertically  in  magazine 
No.  264  and  the  moisture  content  determined  in  samples  taken 
from  the  top,  middle,  and  bottom  of  each  barrel.  The  barrels 
were  taken  as  follows:  (1)  south  side  (first  barrel);  (2)  middle 
(second  barrel);    (3)  north  side  (third  barrel). 

The  results  of  the  tests  of  moisture  contents  were  as  follows: 

Moisture  Contents  of  Exposed  Barrels  ot  Picric  Acid 
Barrel  Top  Middle  Bottom 

No.  Per  cent  of  Moisture 

1  0.30  0.60  1.20 

2  1.47  7.92  8.15 

3  2.93  7.40  9.20 

As  a  consequence  of  this  opening  up  of  the  staves  of  the  barrels 
and  the  drying  out  of  their  contents  the  finely  divided  material 
tended  to  sift  out,  especially  as  the  barrels  were  disturbed. 

CiRCUMSTANCeS  OF  THE  FiRB 

Shortly  before  3:50  p.m.,  on  September  28,  1921,  a  5-ton 
artillery  tractor  with  two  3-ton  trailers  attached  and  carrying 
a  crew  of  three  laborers,  engaged  in  transporting  the  barrels  of 
picric  acid  from  the  magazines  to  the  cartridging  plant,  ap- 
proached magazine  No.  263  from  the  southeast,  ran  along  the 
south  side  of  the  magazine,  and  at  about  6  to  8  ft.  from  it,  until 
it  reached  the  center  of  the  building,  when  the  train  was  stopped 
with  the  tractor  turned  out  so  that  it  was  about  10  ft.  from  the 
magazine.  The  wind  was  at  this  time  blowing  from  southeast 
at  about  18  mi.  per  hr.  As  the  train  was  coming  to  a  stop 
a  man  on  the  trailer  discovered  fire  in  or  beside  the  aisle  where 
barrels  of  picric  acid  had  been  taken  out  and  where  there  was 
picric  acid  powder  on  the  boards  and  grass.  He  immediately 
grabbed  a  shovel  and  threw  sand  on  the  fire  but  the  fire  spread 
so  fast  and  became  so  hot  he  abandoned  his  effort  and  the  crew 
fled. 

At  about  this  time  the  commanding  officer,  being  then  en- 
gaged at  the  loading  yard  at  a  distance  of  about  880  yds.  to  the 
south  of  magazine  No.  263,  had  his  attention  called  to  the  smoke 
arising.  He  at  once  ordered  the  fire  alarm  given,  ordered  all 
men  present  to  proceed  to  the  fire,  and  the  fire  fighting  equip- 
ment to  be  assembled  there,  and  proceeded  himself  at  once  by 
motor  truck.  On  arrival  he  found  about  fifty  men  available, 
equipped  with  brooms  and  shovels,  and  also  the  chemical  fire 
engine,  but  as  the  fire  in  magazine  No.  263  was  then  under  such 
headway  that  it  could  net  be  approached  he  disposed  his  force 
in  a  semicircle  to  the  north  of  this  magazine  to  beat  out  the  brush 
fires,  build  back  fires,  and  the  like,  and  he  proceeded  toward 
magazine  No.  264,  directing  the  extinction  of  grass  and  brush 
fires  as  he  proceeded,  until  when  he  was  within  three  feet  of 
magazine  No.  264,  which  was  of  the  same  construction  and  ar- 
rangement as  No.  263,  but  contained  217,880  1I)S.  of  picric  acid, 
there  was  a  flare  and  approximately  one-fifth  of  the  north  section 
of  the  magazine  burst  into  flames. 

Immediately  some  fifteen  men  responded  to  a  call  for  aid  and, 
entering  the  magazine,  rolled  out  burning  barrels  of  picric  acid 
and  by  means  of  the  chemical  engine,  use  of  sand,  and  beat- 
ing, got  the  fire  under  control. 


It  was  then  discovered  that  fire  was  still  burning  under  the 
floor  of  this  magazine  so  other  barrels  were  removed,  the  floor- 
ing torn  up,  the  fire  there  extinguished,  and  the  magazine  and 
its  contents  saved. 

Loss  AND  Casualties 

The  loss  was  confined  to  magazine  No.  263  and  its  contents. 
The  value  of  the  picric  acid  for  its  allotted  use  was  estimated  at 
$40,000. 


Fig.  3 — Magazine  No.  263  during  the  Fire 

Several  of  the  men  fighting  the  fire  were  unpleasantly  affected 
by  the  smoke  and  fumes  which  they  inhaled,  the  general  com- 
plaint being  of  irritation  of  the  lungs.  Two  were  sufficiently 
overcome  to  be  taken  to  a  hospital,  but  it  is  not  improbable 
that  they  were  suffering  also  from  undue  physical  exertion. 
All  soon  recovered. 

Source  op  Ignition 

All  other  sources  having  been  inquired  into  and  eliminated, 
the  source  of  ignition  was  found  in  red-hot  carbon  forced  from 
the  exhaust  of  the  tractor  and  carried  forward  by  the  wind  to 
exposed  picric  acid.  It  was  found  that  the  approach  to  the  mag- 
azine was  quite  an  up-grade  through  heavy  sand  and  that  the 
tractor  came  up   "in  second"  with  the  motor  laboring  hard. 

Phenomena  Observed 

The  flames  from  magazine  No.  263  reached  a  height  of  35 
to  40  ft.  They  were  extremely  quick,  sharp,  bright,  and  of  a 
reddish  color.  The  heat  was  so  intense  that  the  metal  in  the 
roof  and  the  barrel  hoops  were  melted  and  a  large  part  completely 
burned.  There  is  evidence  to  show  that  melted  iron  ran  through 
picric  acid,  as  globules  of  the  metal  were  found  on  the  sand. 

At  first  there  was  a  great  volume  of  heavy  black  smoke  but  as 
the  temperature  increased  the  carbon  combustion  was  more  com- 
plete. The  effect  was  no  doubt  modified  by  the  burning  of  the 
wood  of  the  barrels  and  by  the  water  present  in  the  picric  acid. 

During  the  burning  of  magazine  No.  263,  grass  fires  were  seen 
to  start  at  points  800  ft.  from  the  magazine  and  considerably  to 
one  side  of  the  line  of  the  wind.  This  may  be  accounted  for 
on  the  theory  that  large  ^'olumes  of  heated  gases  from  the  fire 
caused  whorls  of  sufficient  size  and  intensity  to  throw  sparks  and 
burning  brands  a  considerable  distance  to  one  side. 

The  intense  heat  caused  such  an  inflow  of  air  that  odors  could 
not  be  detected  by  one  standing  as  close  to  the  fire  as  the  heat 
permitted. 

The  roar  during  the  fire  was  so  loud  that  decrepitation  or 
deflagation  reports,  such  as  usually  accompany  the  burning  of 
small  quantities  of  picric  acid,  could  not  be  distinguished.  To- 
ward the  end  of  the  fire  there  were  occasional  small  "reports" 
of  about  the  loudness  of  a  12-gage  shot  gim  report.  These  were 
observed  to  result  from  gas  confined  under  unburned  picric  acid 
and  fallen  roof  and  when  these  "pufTs"  occurred  picric  acid  was 
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tossed  up  5  or  6  ft.  These  "puffs"  came  from  beneath  the  almost 
completely  burned  mass. 

At  magazine  No.  264  the  smoke  immediately  on  emission  from 
the  picric  acid  was  black,  though  less  dense  than  that  from  burn- 
ing crude  petroleum,  but  above  this  the  cloud  was  of  a  decided 
yellow  color. 

The  gas  or  vapors  at  this  magazine  were  very  pungent,  sharply 
acrid,  and  very  irritating  to  the  mucous  membrane  of  the  nose 
and  lungs.  It  was  the  men  laboring  in  this  magazine  who  ex- 
perienced ill  effects  from  the  inhalation  of  these  products,  which 
gave  rise  to  choking  and  strangulation. 
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The  Geography  of  Electrochemistry' 

By  W.  S.  Landis 

American  Cyanamid  Co.,  5H  Fifth  Avs.,  Nbw  York,  N.  Y. 

THE  two  main  applications  of  the  electric  current  which 
are  of  value  to  the  chemist  are  as  a  convenient  source 
of  heat  and  as  a  powerful  decomposing  agent. 

Many  factors  apply  in  a  comparison  of  the  cost  of  electric 
heat  with  combustion  heat.  The  fact  must  be  considered 
(and  is  often  overlooked)  that  electrically  generated  heat  is 
released  in  intimate  contact  with  the  absorber,  at  rates  balanced 
against  rates  of  absorption,  and  in  any  desired  atmosphere. 
It  permits  the  attainment  of  high  temperatures  on  a  scale  un- 
known to  the  combustion  engineer.  The  combustion  of  a  ton  of 
high-grade  bituminous  coal  yields  approximately  the  same  num- 
ber of  heat  units  as  a  kilowatt  year  of  electricity.  The  losses  of 
heat  in  flue  gases,  careless  admission  of  air,  incomplete  combus- 
tion, and  radiation  from  large  combustion  chambers  increase  the 
relative  cost  of  combustion  heat.  Modern  steam  power  plants 
operating  large  units  convert  the  potential  energy  of  coal  into 
electrical  energy  at  thermal  efiiciencies  approximating  twenty 
per  cent.  This  relationship,  coupled  with  the  highly  efficient 
conversion  of  electric  energy  into  usefully  applied  heat,  does  not 
in  any  sense  exclude  the  steam-electric  combination  as  a  com- 
petitor of  direct  firing,  and  there  are  many  other  advantages  to 
help  pay  the  heavier  overhead. 

In  different  parts  of  the  world  different  relationships  exist. 
In  parts  of  Italy  favored  with  water  power  developments  the 
kilowatt  year  is  produced  rather  cheaply  and  many  installations 
have  found  it  cheaper  to  generate  steam  by  submerging  a  resis- 
tor in  a  boiler  than  to  bum  expensive  imported  coal.  Norway 
also  possesses  no  coal,  but  has  abundant  hydraulically  generated 
power  averaging  less  than  $12  per  kilowatt  year.  A  plan  has 
actually  been  worked  out  for  heating  all  the  houses  in  Bergen 
from  central  hot  water  storage  plants,  the  water  itself  being 
electrically  heated. 

The  sole  domestic  metallurgical  fuel  of  Sweden  is  charcoal, 
which  is  becoming  more  scarce  each  year.  In  the  manufacture 
of  pig  iron  in  the  blast  furnace  approximately  one  ton  of  char- 
coal is  required  per  ton  of  pig  iron  produced.  Of  this,  one-third 
is  used  in  chemical  reduction  of  the  iron  ore  and  two-thirds  are 
burned  up  to  supply  heat  for  operating  the  furnace.  One- 
fourth  of  a  kilowatt  year  per  ton  of  pig  iron  is  sufficient  to  keep 
the  furnace  hot,  and  when,  ten  years  ago,  the  price  of  charcoal 
rose  to  a  point  where  a  ton  of  charcoal  cost  more  than  three- 

*  Abstract  of  a  paper  presented  before  the  Cleveland  Sections  of  the 
American  Institute  of  Electrical  Engineers  and  of  the  American  Chemical 
Society,  Cleveland,  Ohio,  February  16,  1922. 


eighths  of  a  kilowatt  year,  the  old  blast  furnaces  were  sup- 
planted by  electric  furnaces.  In  other  words,  when  the  kilowatt 
year  can  be  purchased  for  the  same  price  as  two  and  a  half  tons 
of  charcoal  or  coke,  the  blast  furnace  becomes  obsolete.  Norway, 
Italy,  Sweden,  and  Japan  have  made  the  change,  and  India, 
Brazil,  and  our  own  Pacific  States  are  contemplating  the  adoption 
of  the  electric  furnace  in  the  iron  industry. 

The  mere  fact  that  low  cost  electric  power  exists  somewhere 
does  not  always  make  it  cheap.  Raw  materials,  labor,  and 
transportation  are  often  more  important  factors  than  electric 
energy. 

Norway  possesses  cheap  power.  She  has  little  else  in  the  shape 
of  raw  materials  and  must  import  supplies.  Her  labor  is  scarce, 
fairly  high  priced,  and  of  uncertain  temperament.  She  has 
built  up  a  great  nitrogen  industry  using  only  air,  water,  and 
electricity,  and  holds  a  practical  monopoly  of  this  type  of  process. 

The  carbide  and  cyanamide  processes  have  failed  for  several 
reasons,  chiefly  because  of  high  cost  of  imported  coal  and  coke 
and  long  hauls  on  limestone.  Her  aluminium  industry  is  under- 
going a  change  with  the  hope  of  utilizing  a  local  feldspar  instead 
of  the  usual  French  ores.     Her  steel  industry  has  remained  small. 

Sweden  has  an  electric  iron  and  steel  industry  of  fair  propor- 
tions, but  is  handicapped  by  lack  of  fuel.  Swedish  ores  will 
continue  to  be  exported  in  the  face  of  available  electric  power 
for  home  manufacture. 

Germany  has  developed  a  considerable  electrochemical  in- 
dustry in  spite  of  very  limited  hydropower.  Brown  coal  effi- 
ciently burned  under  boilers  is  operating  melting  furnaces, 
caustic  and  cyanamide  plants,  steel  furnace,  and  other  electro- 
chemical processes.  She  is  quite  a  factor  in  this  industry, 
certainly  leading  Europe,  and  yet  has  a  potential  hydroelectric 
power  development  of  less  than  one  and  one-half  million  horse 
power. 

France  possesses  great  possibilities  of  hydro  development, 
some  of  it  already  available.  She  possesses  the  start  of  a  large 
electrochemical  industry,  early  entering  the  fields  of  electro- 
steel,  aluminium,  caustic,  and  fine  chemicals.  Her  coal  supply 
is  deficient  but  other  raw  materials  are  plentiful,  as  are  also 
transportation  and  labor. 

Neither  Switzerland  nor  Italy  possesses  coal  deposits  of  con- 
sequence; yet  both  are  well  supplied  with  water  power.  Switzer- 
land early  started  carbide  and  ferro-alloy  production,  but  de- 
mands of  the  power  for  manufacturing  and  transportation  will 
always  hold  back  the  electrochemical  industry.  Italy,  on  the 
other  hand,  is  just  at  the  beginning  of  important  developments. 
Iron,  steel,  nitrogen  fixation,  and  chemicals  will  receive  a  great 
deal  of  attention  in  there. 

Russia  possesses  few  important  hydroelectric  possibilities  and 
will  be  years  recovering  from  her  present  political  condition. 

Finland  possesses  great  hydro  possibilities  and  may  develop 
a  small  industry,  but  raw  materials  are  not  plentiful  and  the 
country  lacks  all  the  real  fundamentals  of  a  manufacturing 
community. 

England,  on  steam  power,  has  always  been  foremost  in  electro- 
chemical development.  She  has  been  the  birthplace  of  many 
industries  which  have  moved  to  more  favored  locations.  The 
rising  costs  of  fuel  in  England  will  not  revive  some  of  these  de- 
parted industries,  but  steam  power  costs  are  decreasing  slowly 
with  the  larger  units  being  developed  and  the  life  of  the  industry 
as  now  existent  will  be  prolonged.  The  metal  working  indus- 
tries can  easily  survive  on  steam,  and  electrolytic  refining  is 
gaining  a  strong  foothold.  The  water  power  resources,  while 
not  large,  are  fair,  and  are  being  closely  investigated. 

Asia  is  of  little  present  interest  to  us.  Siberia  has  no  remark- 
able water  power  possibilities,  in  fact  very  meager  ones.  She 
has  no  industrial  foundation  to  build  on  and  may  be  dismissed 
from  consideration  for  a  long  time.  It  takes  more  than  water 
and  a  drop  in  elevation  to  start  an  electrochemical  plant. 
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China  has  much  potential  water  power  but  very  little  organ- 
ized industry.  The  development  is  remote,  even  though  labor 
and  raw  materials  are  plentiful;  transportation  is  most  primitive. 
Manchuria  possesses  one  gas-engine-driven  electrochemical 
plant  of  Japanese  direction. 

Japan  with  her  limited  supplies  of  fuel  is  developing  her  water 
powers  and  possesses  several  important  electrochemical  plants. 
Her  engineers  are  alive  to  the  importance  of  this  industry  and 
more  can  be  looked  for,  as  her  hydro  resources  are  not  nearly 
exhausted. 

India  possesses  great  water  power  possibilities.  While  no 
electrochemical  industry  exists  at  present,  the  governmental 
programs  for  comprehensive  development  mean  that  only  a 
few  years  will  elapse  before  nitrogen  fixation  and  electric  iron 
and  steel  are  well  established.  Labor  is  cheap,  transportation 
is  fair,  and  a  wide  variety  of  raw  materials  available  though 
scattered.  Home  markets  await  the  bulk  of  the  possible  prod- 
ucts. India  probably  has  more  available  water  power  than 
the  United  States. 

Australia  possesses  few  potential  water  powers  of  note  and  will 
not  figure  in  the  future  competition  for  the  home  of  the  industry. 
The  East  Indies,  on  the  other  hand,  with  their  wonderful  power 
possibilities  and  raw  materials,  will  some  day  possess  at  least  a 
nitrogen  fixation  industry  for  home  consumption,  and  metals 
are  not  excluded. 

Africa  need  hardly  be  considered,  the  few  really  great  water 
powers  being  badly  located  from  the  electrochemical  standpoint. 
Markets  are  few,  transportation  not  particularly  good,  and  raw 
materials,  though  probably  present  in  rich  variety,  are  unde- 
veloped. Egypt  may  some  day  acquire  a  nitrogen  industry, 
as  also  South  Africa. 

The  potential  water  powers  of  South  America  are  not  located  con- 
veniently to  the  sources  of  raw  materials,  and  the  fuel  deposits 
are  of  questionable  value.  Transportation  is  costly,  to  say  the 
least.  This  field  is,  however,  being  very  closely  studied  and  an 
electric  steel  industry  is  a  not  very  remote  possibility.  Govern- 
mental assistance  is  very  likely  to  assist  development.  Mexico 
and  Central  America  will  never  be  factors  in  our  industry,  the 
limited  powers  being  more  profitably  turned  to  public  service 
and  mining. 

Canada  possesses  many  very  cheaply  developed  water  powers, 
but  the  districts  possessing  the  same  contain  no  fuel.  These 
powers  will  find  their  best  outlet  in  the  public  utility,  railroad, 
and  manufacturing  fields.  Transportation  of  raw  materials 
and  products  to  market  play  too  great  a  part  in  the  industry 
to  make  for  greatly  increased  developments  and  the  distances 
are  rather  great  for  effective  transmission.  Niagara  power 
will  find  increased  uses  in  manufacturing,  with  electro  steel  and 
ferro-alloys  as  the  most  important  electrochemical  industries. 
A  few  important  hydro  developments  will  at  some  time  make 
power  available  on  navigable  water,  and  this  places  Canada 
in  nearly  as  favorable  a  position  as  Norway.  Newfoundland  is 
in  much  the  same  situation,  with  power  developments  close  to 
tide   water. 

In  our  own  country,  its  wealth  of  raw  materials,  its  widely 
distributed  fuels,  and  its  excellent  labor  and  transportation, 
all  have  assisted  in  our  electrochemical  development,  in  spite 
of  the  fact  that  really  low-priced  water  power  is  practically  un- 
known. Our  one  really  great  power  at  Niagara  is  loaded  to  the 
limit  of  present  development  with  the  widest  variety  of  plants. 
As  more  and  more  water  is  made  available  to  the  power  plants, 
not  only  will  local  developments  increase  but  transmission  will 
carry  the  energy  to  distant  fields.  Instead  of  one  million  horse 
power  we  should  be  generating  five  million.  The  great  southern 
power  developments  will  not  be  available  for  heavy  electrochem- 
ical developments  in  general ;  they  are  too  expensive  considering 
their  distance  from  market.  Public  utilities  and  manufacturing 
will  consume  all  they  can  supply  in  the  future.     This  will  not 


exclude  participation  in  smelting  and  in  mechanical  power  supply 
in  metallurgical  industries.  Muscle  Shoals  will  never  be  another 
Niagara,  no  matter  how  the  propaganda  reads. 

The  far  West  has  attracted  much  attention  in  our  field.  Public 
utilities  will  always  take  a  large  share  of  these  developments, 
and  transportation  may  some  day  demand  its  proportion,  for 
fuel  is  scarce.  The  few  possible  developments  which  might  yield 
surplus  power  are  handicapped  by  the  fuel  and  raw  material 
situation,  for  distances  are  great  in  our  West.  Nevertheless, 
a  steel  industry  is  possible  and  in  fact  badly  needed.  In  fact 
the  establishment  of  any  electrometallurgical  industry  is  feasible 
on  certain  developments  if  reasonable  transmission  to  transpor- 
tation is  not  antagonized. 

The  struggle  for  supremacy  is  going  to  be  between  the  United 
States,  Norway,  India,  China,  and  Canada.  We  are  far  in  the 
lead  now,  but  our  rapidly  developing  manufacturing  industries 
will  gradually  attract  the  cheap  power  now  available  to  the  chem- 
ical industry,  for  they  are  better  able  to  pay  the  higher  price. 
Many  continuous  hydro  powers  can  only  be  inefficiently  used  in 
most  manufacturing  industries,  and  such  should  be  reserved  for 
the  continuously  operating  furnace  processes.  But  regulation 
of  such  kind  is  to-day  impossible  in  our  country. 


Society  of  American  Bacteriologists 

The  Society  of  American  Bacteriologists  at  a  recent  meeting  in 
Philadelphia  appropriated  a  fund  for  the  support  of  a  Research 
Fellowship  in  pure  bacteriology.  The  Society  believes  it  the 
duty  of  bacteriologists  to  fill  the  gaps  in  our  knowledge  of  fun- 
damental principles  which  are  largely  due  to  the  fact  that  the 
excellent  work  now  being  carried  on  deals  largely  with  practical 
applications  of  bacteriology.  Applicants  for  the  fellowship  must 
have  the  degree  of  B.S.  or  its  equivalent,  and  the  fellow  will 
receive  academic  credit  for  the  work  done  from  a  university  of 
recognized  standing.  Approximately  half  his  time  will  be  de- 
voted to  details  connected  with  the  Society's  collection  of  bac- 
teria at  the  Army  Medical  Museum.  $100  a  month  is  available 
to  cover  living  expenses.  The  following  committee  is  in  charge 
of  selecting  the  fellow,  supervising  the  work,  approving  the  prob- 
lem selected,  and  passing  upon  tne  thesis  submitted  as  the  report 
of  the  research: 

Dr.  Victor  C.  Vaughan,  National  Research  Council,  Chairman 

Captain  C.  S.  Butler,  Naval  Medical  School 

Dr.  Geo.  W.  McCoy,  U.  S.  Public  Health  Service 

Dr.  John  R.  Mohler,  Bureau  of  Animal  Industry 

Mr,  L.  A.  Rogers,  Bureau  of  Animal  Industry 

Col.  Joseph  F.  Siler,  Division  of  Sanitation,  U.  S.  Army 

Dr.  Erwin  F.  Smith,  Bureau  of  Plant  Pathology 


Bulletin  128  of  the  Engineering  Experiment  Station,  Uni- 
versity of  Illinois,  "The  Ignition  Temperature  of  Coal,"  by  R. 
W.  Arms,  makes  a  study  of  this  problem  with  the  object  of  de- 
termining the  influence  of  the  temperature  of  ignition  of  the 
various  coals  upon  the  liability  to  fire  while  in  storage.  A  dis- 
cussion is  given  of  what  point  may  actually  be  designated  as 
the  ignition  temperature  and  what  factors  influence  that  point, 
the  methods  for  determining  the  ignition  temperature  of  dif- 
ferent coals,  and  the  results  of  tests  upon  the  various  coals  used 
in  this  investigation. 


At  the  approaching  meeting  of  the  International  Union  of 
Pure  and  Applied  Chemistry  at  Lyons,  the  matter  of  organizing 
the  work  of  the  Annual  Tables  of  Constants  is  to  be  discussed 
and  an  effort  made  to  put  it  upon  a  solid  financial  basis.  Plans 
for  providing  a  certain  and  sufficient  budget  for  the  next  five 
years  are  in  preparation,  based  upon  definite  annual  contribu- 
tions from  the  various  countries  in  the  International  Union. 
The  confederation  of  French  scientific  societies  has  renewed 
for  1922  its  contribution  of  40,000  francs.  The  total  subscription 
in  I'Vance  during  1921  was  80,000  francs.  The  National  Re- 
search Council  of  Japan  has  appointed  an  advisory  committee 
for  the  Annual  Tables,  under  the  chairmanship  of  Prof.  Yukichi 
Osaka. 
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CHANDLER  MEDAL  AWARD 


The  sixth  award  of  the  Chandler  Medal  was  made  to  Dr. 
Edgar  F.  Smith,  President  of  the  Society,  at  Havemeyer  Hall, 
Columbia  University,  New  York,  on  the  evening  of  March  2, 
1922.     The  presentation  was  made  by  Dr.  Chandler  himself. 
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Samuel  Latham  Mitchill — A  Father  in 
American  Chemistry 

By  Edgar  Fahs  Smith 

The  walls  of  my  home  office  are  covered  with  pictures  of  past 
American  worthies.  Among  these  are  many  American  chemists. 
The  latter  have  appealed  powerfully  to  me — so  powerfully  that 
within  recent  years  I  have  made  bold  to  call  the  attention  of 
students  of  the  history  of  chemistry  to  them  and  their  wonderful 
contributions  to  this  science  in  days  now  far  gone — in  days  before 
the  United  States  were — before  your  splendid  city  exhibited  any 
signs  of  its  present  magnificence,  grandeur,  and  marvelous  activi- 
ties— when  Columbia  University,  as  King's  College,  dreamed  not 
of  its  present  international  character  and  its  imbounded  influence 
in  the  world  of  science  and  field  of  literature. 

But,  on  turning  back  to  that  group  of  chemists  to  which  ref- 
erence has  been  made,  arranged  in  one  large  panel,  and  looking 
down — all  of  them — upon  me,  busy  in  the  discharge  of  my  several 
duties,  there  is  one  whose  whole  life  history  has  interested  me 
exceedingly. 

As  he  was  one  of  yours,  as  there  are  in  Columbia  University 
several  excellent  portraits  of  him,  and  as  one  of  your  Chairs  of 
Chemistry  bears  his  honored  name,  it  occurred  to  me  that,  on 
this  occasion,  it  would  be  perfectly  proper  to  talk  of  him  to  you — 
to  talk  of  him  more  particularly  in  the  field  of  chemistry,  outlin- 
ing what  he  did  for  the  science  in  its  beginnings  here  in  America, 
for  he  was  of  that  group  to  which  are  due  our  admiration  and 
gratitude — a  group  which  I  love  to  think  of  as  the  "Fathers  of 
Chemistry  in  America" — because  they  really  made  the  science 
of  consequence  after  Joseph  Priestley  came  to  us.  In  some 
mysterious  way  that  arch-dissenter  inspired  them  to  go  forward 
and  develop  chemistry  along  strictly  scientific  lines. 

And  yet,  as  I  have  returned  the  look  of  your  representative 
among  the  Fathers  and  recalled  his  chemical  achievements,  I 
have  been  almost  submerged  by  the  consciousness  of  his  bound- 
less contributions  to  science  in  general,  and  to  literature  in  its 
manifold  ramifications,  so  that  as  I  timidly  say,  "Permit  me, 
ladies  and  gentlemen,  to  present  to  you  Dr.  Samuel  Latham 
Mitchill,"  my  own  utter  insignificance  appals  me,  and  stumblingly 
I  add — "the  Nestor  of  American  Science;"  whereupon,  I  halt 
dead,  for  there  pours  in  on  me  the  knowledge  that  he  was  not 
only  a  chemist,  but  that  he  elaborated  and  extended  the  materia 
medica  of  our  country;  that  he  wrote  upon  earthquakes;  that 
he  disinterred  mammoths;  that  he  told  of  one  hundred  and  sixty- 
six  species  of  fishes  in  the  fresh  and  salt  waters  about  your  City, 
thereby  "invoking  the  plaudits  of  Couvier;"  that  he  carefully 
investigated  the  ethnological  characteristics  of  the  Red  man  of 
America,  and  translated  his  war  songs  out  of  pure  affection  for 
his  Mohawk  brethren,  winning  thereby  for  himself  increased 
celebrity;  that  he  collaborated  with  other  distinguished  Ameri- 
cans in  the  adoption  of  improved  quarantine  laws;  that  he 
assisted  in  the  preparation  of  a  national  pharmacopeia;  that 
he  made  an  exhaustive  mineralogical  survey  (1797)  of  your 
State,  giving  therein  later   students  numerous  hints;    that  he 


suggested  Fredonia  as  a  new  and  more  appropriate  designa- 
tion for  the  United  States — a  topic  that  elicited  a  voluminous 
correspondence  now  carefully  stored  away  on  the  shelves  of 
your  State  Historical  Society;  that  he  engaged  in  the  eluci- 
dation of  the  anatomy  of  the  egg;  that  he  unravelled  the 
nature  of  meteoric  stones,  and  scrutinized  the  geology  of  Niagara ; 
that  he  made  suggestions  on  the  angle  of  the  windmill  and 
discussed  with  Michaux  the  beauty  of  the  black  walnut  for 
ornamental  parlor  furniture;  that  he  peered  into  bivalves 
and  deciphered  Babylonian  bricks;  yet,  ready  at  all  times, 
to  argue  constitutional  law  when  Kent  and  Spencer  were  in 
the  ascendant;  that  he  was  the  greatest  of  our  ichthyologists, 
and  a  true  pioneer  Ln  geology,  but  versatile  almost  beyond 
belief,  for  among  other  things  there  was  scarcely  any  limitation 
to  his  nursery  literature.     He  said,  for  example: 

You  are  acquainted  with  the  nursery  rhymes  commencing 
"Four  and  twenty  blackbirds?"  They  abound  with  errors, 
added  he,  and  the  infantile  mind  is  led  astray  by  the  acquisition 
of  such  verses.     I  have  altered  them  this  morning: 

When  the  pie  was  opened. 
The  birds  they  were  songless; 
Was  not  that  a  pretty  dish 
To  set  before  Congress? 

I  thus  correct,  said  the  Doctor,  the  error  that  might  be  imbibed 
in  infancy  of  the  musical  functions  of  cooked  birds;  and  while  I 
discard  the  King  of  Great  Britain,  with  whom  we  have  nothing 
to  do,  I  give  them  some  knowledge  of  oiu'  general  government, 
by  specifying  our  Congress. 

These  trifles  show  how  intense  was  his  Americanism. 

More,  much  more,  of  similar  nature  might  be  introduced  to 
illustrate  the  many-sidedness  of  this  remarkable  man,  possessed 
of  a  Herculean  memory  and  keen  originality,  whose  services  to 
the  public  are  best  comprehended  by  reference  to  the  records  of 
State  Legislation  and  Congressional  Reports,  as  he  sat  in  your 
Legislature  and  represented  your  State  in  Congress  and  in  the 
United  States  Senate. 

With  this  partial  story  of  life  activities  I  turn  again  to  the  Doc- 
tor, and  gazing  on  his  smiling  countenance  remember  that,  as 
he  wandered  in  and  about  the  street  and  lanes  of  your  city,  he 
was  five  feet  ten  inches  in  height,  "of  comely,  rather  slender  and 
erect  form,"  with  an  intelligent,  friendly  face,  an  aquiline  nose, 
a  gray  eye,  and  fuU  features.  His  dress  was  after  the  fashion  of 
the  day,  the  costume  of  the  times  of  the  Napoleonic  Consulate; 
the  blue  coat,  buff-colored  vest,  smalls,  and  shoes  with  buckles. 
A  man  with  a  heart  as  well  as  a  head. 

I  can  see  him — this  man  of  unpretending  demeanor,  of  un- 
remitting industry,  mingling  with  all  classes — an  oracle  among 
his  fellowmen,  who  often  affectionately  remarked,  "Tap  the  Doc- 
tor at  any  time  and  he  will  flow." 

Phlogiston 

But  you  are  eager  to  hear  more  specifically  of  Mitchill  as  a 
Father  in  American  Chemistry — so  let  us  begin  with  his  assump- 
tion of  the  Chair  of  Chemistry  in  Columbia  in  1792.  If  I  recollect 
correctly,  an  ancient  volume,  entitled  "Old  New  York,"  stated 
that  on  assuming  this  high  honor  and  responsibility  "he  ad- 
vanced the  scientific  reputation  of  New  York  by  his  prompt 
promulgation  of  Lavoisier's  system  of  chemistry." 

In  doing  this  he  abandoned  the  old  theory  of  phlogiston,  and 
the  question  may  arise  as  to  why  he  did  it,  when  it  is  known  that 
he  acquired  his  knowledge  of  chemistry,  in  the  main,  from  that 
grand  old  master,  Joseph  Black  of  Edinboro.  Mitchill  was  but 
nineteen  years  of  age  (1783)  when  he  came  under  Black's  influ- 
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ence — an  influence  that  molded  many  American  minds  in  the 
domain  of  science,  and  preeminently  in  that  of  chemistry.  It 
is  worth  while  to  note  this  fact.  In  classical  learning— in  the 
humanities,  in  short — it  was  the  Scottish  influence — not  the 
English  or  German — that  was  imprinted  upon  American  students, 
and  as  we  come  to  study  the  imprint  upon  the  fathers  of  our 
science  at  the  beginning  it  will  be  discovered  to  be  Scottish — 
chiefly  that  of  the  great  Dr.  Black,  who  "saw  beauty  in  a  cruci- 
ble," whose  influence  upon  Benjamin 
Rush  was  so  pronounced  that,  medical 
man  though  he  was,  he  wrote  and  pub- 
lished in  1771  his  celebrated  fasciculus 
on  chemistry — our  first  American  text- 
book on  this  subject,  and  this  influence 
of  Black  upon  Rush  may  be  traced 
from  the  latter  to  Woodhouse,  to  Rob- 
ert Hare,  to  Wolcott  Gibbs,  and  to 
hosts  of  others,  unconscious  presuma- 
bly of  the  fact,  yet  promulgators  of  the 
Scottish  teachings.  Black  and  Rush 
abandoned  the  doctrine  of  phlogiston 
in  their  later  years,  but  Mitchill  early 
forsook  it;  and,  like  his  distinguished 
master  and  all  his  pupils,  assiduously 
aimed  "to  render  chemistry  subser- 
vient to  the  useful  purposes  of  agricul- 
ture, art,  and  hygiene." 

It  must  have  been  his  private 
thought  and  experimental  work,  here 
at  Columbia,  which  caused  him  to  be- 
come the  first  public  champion  of  the 
antiphlogistic  views  in  this  Western 
world.  This  happened  in  1792.  Priest- 
ley had  not  yet  arrived  upon  Ameri- 
can soil,  but  in  June  of  1794,  when  he 
did  land  at  the  Old  Battery  and  was 
waited  upon  by  the  first  men  of  the 

City,  Mitchill  was  there  to  extend  a  cordial,  hearty  welcome 
to  the  discoverer  of  the  greatest  of  our  elements — oxygen — never 
thinking  how  intimate  their  intercourse  would  be,  or  how  close 
the  ties  of  friendship  between  them  were  to  become,  and  that 
their  correspondence  would  be  frequently  cited  as  "an  example 
of  the  delicious  maimer  in  which  argument  can  be  conducted 
in  philosophical  discussion." 

This  brings  me  to  The  Medical  Repository  founded  by  Dr. 
Mitchill  in  1797.  It  was  a  journal  originally  intended  to  serve 
medicine,  but  it  became  the  repository  for  science  in  this  country 
in  those  early  days,  and  through  the  eighteen  years  of  Mitchill's 
connection  with  it.  On  its  pages  may  be  found  many  of  our 
earliest  chemical  contributions,  and  there  it  was  that  letters  of 
Priestley  and  Mitchill  on  phlogiston  were  published.  From 
them  let  us  extract  a  few  paragraphs,  showing  the  thought  of 
Mitchill  on  a  subject — phlogiston — upon  which  Priestley  com- 
pelled American  students  of  chemistry  to  think. 

Priestley  had  scarcely  settled  himself  in  his  American  home 
when  he  reviewed  his  experimental  work  for  the  purpose  of  dem- 
onstrating the  existence  of  phlogiston.  The  French  Minister 
Adet  answered  him  in  masterful  manner.  Woodhouse  hurled 
experiment  after  experiment  at  his  "air  castle,"  and  MacLean, 
of  Princeton,  followed  in  two  lectures  on  combustion  which,  in 
the  eyes  of  the  antiphlogistiaus,  were  incontrovertible,  saying 

From  the  view  which  has  been  given  of  the  different  explana- 
tions of  the  phenomena  of  combustion,  it  appears  that  Becher's 
is  incomplete;  StalU's,  though  ingenious,  is  defective;  the  anti- 
phlogistic is  simi^le,  consistent,  and  sufficient;  while  Dr.  Priest- 
ley's, resembling  Stahl's  but  in  name,  is  complicated,  contradic- 
tory, and  inadeciuate. 

To  this  rather  pronounced  antiphlogistic  statement,  it  might 
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be  expected  that  Mitchill,  as  a  follower  of  Lavoisier,  would  fully 
acquiesce.     Such,  however,  was  not  the  case,  for  he  said : 

While  Professor  MacLean  has  acquited  himself  reputably***** 
we  would  advise  our  readers  [of  the  Repository]  to  beware,  even 
at  this  time,  of  too  much  positiveaess,  while  the  experiments  of 
Mrs.  Fulhame  and  Mr.  La  Marc*****appear  to  require  solution 
upon  the  antiphlogistic  theory,  and  reconcilement  with  it. 

And  elsewhere  in  The  Medical  Repository  he  expressed  himself 
as  follows: 

Upon  taking  a  view  of  the  whole 
controversy *****there  are  some  phe- 
nomena which  the  antiphlogistic  theory 
cannot  explain;  and  that,  therefore.  Dr. 
Priestley  has  some  strongholds,  from 
which  it  will  be  difficult,  if  not  im- 
possible, to  drive  him.  On  the  other 
hand,  the  advocates  of  phlogiston  are 
far  from  being  explicit  and  definite 
enough  in  the  meaning  of  their  terms, 
and  on  that  account,  seem  not  perfectly 
to  understand  each  other,  nor  to  be 
clearly  understood  by  their  opponents. 

Here,  in  the  last  few  words,  "seem  not 
perfectly  to  understand  each  other," 
is  perceived  tlie  thought  which  subse- 
quently Mitchill  developed  in  his  cor- 
respondence with  Priestley.  But  young 
Woodhouse  hammered  away  in  his 
Philadelphia  laboratory,  obtaining  de- 
monstrable proof  of  the  nonexistence 
of  phlogiston,  while  Priestley  sought 
also  experimentally  to  support  himself 
in  his  correspondence,  to  which  one 
must  look  to  obtain  Mitchill's  mental 
attitude  on  this  subject,  which  had 
become  a  burning  question.  Priestley 
failed  to  shake  his  opinion  because  con- 
vincing experimental  studies  supported 
Mitchill.  Yet,  as  the  controversy  was  waged  and  grew  more 
and  more  heated,  Mitchill,  desirous  of  preserving  among  the 
"Fathers"  a  friendly  spirit,  suggested,  as  previously  stated,  that 
their  work — the  work  of  all  of  them — was  most  satisfactory,  but 
confusion  had  arisen  in  terms  and  naturally,  confusion  followed 
in  their  deductions.  Priestley  resented  this  friendly  interposition 
of  Mitchill,  who  replied  (1798)  to  him: 

Finding  that*****my  attempt  to  accommodate  the  disputes 
*****concerning  phlogiston,  had  not,  in  your  opinion,  been 
successful,  I  once  more  beg  your  indulgence  a  few  moments, 
while  I  state  some  additional  reasons  to  show  it  will  answer  as 
fully  as  I  promised  myself,**** 

and  then  he  reviewed  in  a  most  delightful  and  lucid  way  many  of 
Priestley's  experiments,  his  own,  those  of  Woodhouse  and  others 
which  fell  into  harmony  by  merely  giving  to  certain  words  another 
meaning.  He  even  went  so  far  as  to  expunge  hydrogene  and 
substituted  phlogiston  in  its  stead,  arguing  that  this  amendment 
would  render  "the  history  of  combustion  more  easy  to  be  com- 
prehended, and  to  explain  away  the  differences  and  difficulties 
about  the  principle  of  inflammability."  He  also  considered 
oxygen c  a  faulty  term,  and  closed  by  telling  Priestley  that 

It  would  give  me  great  satisfaction  that  we  could  settle  the 
points  of  variance  on  this  subject,  though  even  as  it  is,  I  am  flat- 
tered by  your  allowing  my  attempt  "to  reconcile  the  two  theories 
to  be  ingenious,  plausible  and  well  meant."  Yet,  after  all  1  have 
written,  I  fear  you  will  still  think  they  cannot  be  reconciled; 
consequently  the  labour  of  those  who  undertake  it  is  thrown 
away;   they  toil  to  no  i)urpose: 

In  vain,  tlio'  by  Ihcir  powerful  art  tliey  bind 

Volatile  IIcrniL's,  nnd  cull  up,  iinbonnd. 

In  various  shapes,  old  Froteus  from  the  5*a. 
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It  would  carry  us  too  far  to  present  everything  that  Mitchill 
did  in  this  celebrated  controversy.  He  continued  an  antiphlo- 
gistian  in  his  experimental  work  and  in  his  teaching,  so  that, 
among  the  Fathers  who  established  the  teachings  of  the 
French  school  on  American  soU,  his  position  is  assured.  It  was 
no  little  thing  to  have  thus  contributed  to  our  science  in  its  in- 
fancy, and  it  is  particularly  noteworthy  that  Mitchill  should 
have  incorporated  the  new  ideas  and  facts  into  his  lectures,  for 
he  was  "a  teacher  of  rare  attainments  and  of  singular  tact  in 
unfolding  complex  knowledge  with  analytic  power.  Few  left 
the  lectures  without  the  conviction  that  an  able  exponent  had 
enlisted  their  attention."  And  it  is  recorded:  "His  manner***** 
attracted  the  attention  of  his  students  by  his  intelligible  language 
and  pleasing  elucidations." 

And  one  will  also  find  with  but  little  search  that  in  addition  to 
his  remarkable  verbal  elucidations,  MitchiU  also  had  recourse  to 
demonstrative  material,  for  early  in  his  teaching  career  he  had 
assembled  a  "Chemical  Museum,"  evident  from  this  quotation: 
"The  Chemical  Museum  of  Columbia  College  has  been  lately 
enriched  by  an  extensive  collection  of  minerals — the  donation 
of  Samuel  Owens  (1797)." 

This  allusion  to  a  Chemical  Museum  in  your  University 
promptly  brings  before  me  Dr.  Chandler  and  his  remarkable 
Chemical  Museum,  as  well  as  that  rich  and  stimulating  journal — 
the  American  Chemist — founded  and  edited  by  him  for  years, 
and  also — yes,  I  must  say  it — his  matchless  expository  powers  as 
lecturer  and  teacher — certainly  a  very  legitimate  and  worthy 
rival  of  his  earliest  predecessor  in  the  Chair  of  Chemistry  at 
Columbia.  Did  time  permit,  many  striking  resemblances  be- 
tween these  two  choice  exponents  of  chemistry  could  with  ease 
be  spread  before  you.  My  enthusiastic  affection  for  both  of 
them  knows  no  bounds. 

Again,  among  his  earliest  experiments,  Mitchill  studied  evapo- 
ration. His  observations  on  this  subject  suggest  a  pioneer  effort 
in  physical  chemistry,  which  is  not  so  modem  by  any  means. 
Now  and  again  the  Fathers  gave  very  convincing  proofs  that 
they  recognized  great  possibilities  in  the  physicochemical  data 
which  arose  in  their  work,  but  there  was  a  vast,  virgin  field  before 
them  and  urgent  appeals  to  use  chemistry  for  the  immediate  bene- 
fit of  the  country  led  them  to  earnest  endeavors  along  these  more 
practical  and  more  apparent  lines. 

Have  you  ever  seen  a  pamphlet  of  eight  pages  prepared  by  the 
Doctor,  with  the  title  "Some  of  the  Memorable  Events  and 
Occurrences  in  the  Life  of  Samuel  L.  Mitchill,  of  New  York, 
from  the  Year  1786  to  1827?"  It  is  well  worth  perusal.  He 
wrote  it  as  an  amusement,  but  it  contains  a  chronological  enu- 
meration of  one  hundred  and  ninety-two  distinct  items  of  achieve- 
ment in  his  life  career.  They  are  illuminating.  Some  of  them — 
such  as  receiving  a  splendid  diamond  ring  from  the  Emperor  of 
all  the  Russias,  delivering  the  annual  Phi  Beta  Kappa  oration 
before  Union  College,  and  acting  as  a  committee  to  receive  for  and 
remit  to  the  Greeks  of  the  Morea  and  elsewhere  the  money 
contributed  voluntarily  by  the  citizens  of  the  United  States,  to 
aid  them  in  their  efforts  to  free  themselves  from  the  dominion 
of  the  Turks  and  to  establish  an  independence  of  their  own, 
clearly  demonstrate  the  sympathetic  character  of  this  exemplar 
of  broad  human  principles  and  ideas,  who  loved  to  tell  that  he 
had  also  evolved  a  chemical  nomenclature  and  accompanied  it 
with  a  brilliant  explanatory  memoir,  urging  in  it  that  metals  in 
their  ductile  and  malleable  state  are  compounds  of  a  base  with 
hydrogen  (phlogiston) ;  and  that  in  their  calciform  state  they 
consist  of  a  base  with  oxygen,  and  contended  further  that  in 
several  there  is  an  intermediate  condition,  in  which  there  is  no 
union  either  with  hydrogen  or  oxygen.  And  this  doctrine  he 
extended  to  nearly  all  the  inflammable  bodies. 

It  was  in  this  chart  (1802)  that  Mitchill  declared  all  matter 
consisted  "of  atoms  infinitely  small,  balanced  between  attrac- 
tive and  repelling  powers.     These  atoms  are  the  materials  which 


constitute  the  greatest  as  well  as  the  least  of  the  aggregate  and 
compound  bodies  in  creation*****of  these  atoms  we  know  noth- 
ing but  from  their  effects  and  properties.  Their  essence  is  be- 
yond our  researches." 
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MITCHIIJLI.. 

One  wonders  how  the  ions  and  electrons  of  the  present  would 
be  viewed  by  the  Doctor. 

In  the  same  remarkable  document  he  introduces  the  term 
anticrouon,  signifying  caloric.  It  is  the  repelling  force.  It  is 
present  in  all  substances.  It  causes  the  repulsion  in  the  atoms 
of  which  bodies  consist.  It  is  impossible  to  conceive  of  their 
constitution  without  taking  it  into  consideration. 

There  is  to  be  seen  in  this  doctrine  (1801)  a  lurking  bit  of  phlo- 
gistonism,  which  however  completely  disappears  in  the  succeed- 
ing years.  Mitchill's  mind  was  speculative  in  its  nature,  so  it  is 
not  surprising  that  his  earliest  views  should  have  clung  to  his 
later  more  practical  endeavors. 

If  we  could  have  greeted  him  in  the  flesh,  extended  a  fraternal 
hand,  he  would  probably  have  charmed  us  with  his  intimate 
knowledge  of  minerals  and  perhaps  would  have  entertained  us 
with  an  account  of  his  tours  in  search  of  minerals,  and  advised 
us  as  to  how  he  published  an  American  edition  of  Phillips' 
"Mineralogy,"  giving  us  in  words  much  of  the  information  he 
gave  in  the  footnotes  of  that  volume.  These  are  entertaining 
reading  and  mark  not  the  dilettante,  but  the  master.  He 
applied  chemical  analysis  to  minerals,  and,  indeed,  must  have 
been  much  occupied  in  this  way,  for  in  letters  written  while 
United  States  Senator,  he  tells  many  of  his  correspondents  who 
impatiently  seek  knowledge  of  the  constitution  of  certain  mate- 
rial, that  in  the  absence  of  any  laboratory  utensils  and  reagents, 
they  must  excuse  his  inability  to  assist  them  until  his  return  to 
his  workshop.     Here  are  his  words: 

It  would  give  me  great  pleasure  to  undertake  what  you  pro- 
pose, but  I  fear  it  will  be  impossible  in  my  present  situation.  I 
have  none  of  the  things*****I  am  wholly  unfurnished  with  the 
reagents  and  the  materials  requisite  in  exact  experiments***** 
the  actual  incompatibility  of  my  present  situation  with  anything 
like  regular  analysis  could  withhold  me.  At  a  future  day  and  at 
a  time  when  I  am  not  surrounded  with  subjects  for  political  analy- 
sis, I  will  respond  to  your  request. 


June,  1922 
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And  the  national  government  sought  to  profit  by  his  chemical 
knowledge,  since  there  is  correspondence  from  the  Secretary  of 
the  Navy  relative  to  the  unsatisfactory  cannon  powder  on  many 
of  the  vessels.  To  which  the  Doctor  answered:  "The  fault  you 
find  with  your  cannon  powder  is  due  to  the  impurity  or  adultera- 
tion of  the  saltpetre  employed  in  its  preparation."  Elaborate 
directions  to  eliminate  this  evil  are  given  by  Mitchill,  promising 
that  if  his  course  of  purification  be  adopted  the  product  will  be 
strong  and  effective — -"to  the  annoyance  of  the  enemies  of  our 
country." 

In  this  connection  also  it  might  be  mentioned  that  in  eliminat- 
ing some  of  the  difficulties  encountered  by  soap  makers,  Mitchill 
discovered  phosphate  of  potassium  in  wood  ashes.  Indeed,  he 
wrote  not  a  little  upon  the  composition  of  the  latter  and  an- 
nounced "Cinis — a  species  of  alkaline  earth*****which  chemists 
have  not  as  yet  noticed  in  their  nomenclature."  He  defined  it 
as  a  peculiar  earth  which  in  his  opinion  has  as  good  a  right  to 
stand  conspicuous,  and  be  known  and  talked  of,  as  either  mag- 
nesia or  lime,  potash,  or  soda;  all  of  which  are  to  be  considered 
as  compounds,  but  retained  in  the  list  of  simples  until  their 
constituent  parts  can  be  ascertained  by  analysis.  Cinis  is  the 
chief  component  of  wood  ash. 

My  dominant  thought  on  reading  this  declaration  was — how 
carefully  did  the  Doctor  examine  this  wood  ash  residue?  Many 
such  statements  in  our  very  early  chemical  literature  have  moved 
me,  time  and  again,  to  follow  up  the  suggestions,  sometimes  with 
siu-prisingly  good  results,  and  again  with  disappointments, 
although  usually  the  latter  were  accompanied  by  a  fuller  under- 
standing of  the  many  obstructions  and  difficulties  which  lay  in 
the  way  of  the  Fathers  in  performing  their  analytical  experi- 
ments. It  is  altogether  likely  that  those  who  attempted  to  un- 
ravel the  mystery  surrounding  the  wood-ash  residues  would  dis- 
cover a  strange  mixture,  as  did  Clemens  Winkler  when  he  wrestled 
with  the  gnomium  of  Gerhard  Kriiss,  who  believed  he  had  de- 
tected this  new  element  in  nickel. 

Still,  it  will  go  uncontradicted  that  Mitchill  knew  much  about 
wood  ashes  and  potash.  He  stubbornly  maintained  that  the 
latter  held  oxygen  as  one  of  its  components,  and  when  Davy 
isolated  potassium  from  the  latter,  there  were  among  Mitchill's 
admirers  many  who  thought  that  the  Doctor's  unceasing  remarks 
on  potash  had  given  to  Davy  the  hint  which  led  to  the  experi- 
ment that  crowned  his  efforts  with  success  and  gave  to  the  chem- 
ical world  a  new  and  wonderful  instrument  by  which  to  disclose 
constitution.     And  this  it  became. 

Indeed,  Felix  Pascalis,  autlior  (1802)  of  a  celebrated  address 
on  chemistry,  and  a  devoted  friend  of  Mitchill,  with  whom  he 
carried  out  many  important  studies,  was  of  those  who  said: 
"With  the  same  intuitive  penetration  Mitchill  anticipated  those 
famous  results  of  the  experiments  made  by  Sir  Humphrey  Davy 
with  the  galvanic  battery  upon  alkaline  earths." 

Septon 

And  now  we  reach  a  chapter  in  the  experimental  work  of 
Mitchill  which  challenges  the  most  appreciative  respect.  Very 
early  in  his  professional  career  he  earnestly  thought  on  the  decay 
of  matter.  With  a  mental  medical  bias,  diseases  and  fevers  of 
all  varieties  had  their  origin  in  the  poisons  which  arose  in  the  de- 
cay of  organic,  nitrogenous  matter.  This  poisonous  material 
Mitchill  strove  to  overcome.  He  believed  it  possible  through 
the  agency  of  an  element  which  by  union  with  o.vygen  gave  rise 
to  acidic  products  which  would  arrest  decay  and  utterly  annihil- 
ate the  noxious  gaseous  bodies.  For  some  reason  he  chose  to 
designate  this  new  principle  as  septon,  saying  in  many  places 
that  it  really  was  azote,  and  when  confronted  with  the  knowledge 
that  azote  in  union  with  oxygen  yields  nitrous  and  nitric  acids, 
he  affirmed  that  azote  (nitrogen)  preexisted  in  the  form  oi  septon, 
which  seemed  to  obsess  him,  for  he  indited  (1797)  an  elegant  and 
animated  ode  to  it  and  its  annihilating  virtues: 


GnomesI  ye  beheld  with  pity  and  with  pain 
Organic  relics  strew  the  fertile  plain. 

Ye  sa\?,  with  wondering  eyes  and  rare-drawn  breath 
Infused  the  peccant  principle  of  death — 

Grim  Septon!    Armed  with  power  to  intervene 
And  disconnect  the  animal  machine. 

Within  the  great  disorganizer  lurlcs 

And  plans,  unseen,  his  undermining  works. 

The  perusal  of  these  virtues  of  septon  and  its  happy  applica- 
tions is  difficult.  One  pauses;  yes,  even  doubts  and  flounders 
about  for  an  explanation,  when  all  at  once  he  is  lifted  out  of  the 
dilemma  and  restored  to  cheery  certainty  by  reading  the  words 
of  Felix  Pascalis: 

This  septon  (of  Mitchill)  is  the  More  of  Scheele,  of  Vauquelin, 
of  Fourcroy  and  of  Guyton  de  Morveau — the  element  of  the 
boasted  chlorides  so  abundantly  spread  throughout  the  earth, — 

And  Mitchill  adds  to  our  joy  by  saying: 

My  native  acid  of  Septon  is  a  combination  of  this  base  (chlore) 
with  oxygen.  It  is  the  same  which  is  the  base  of  oxygenated 
muriatic  acid  and  which  is  proved  by  modern  chemists  to  be  an 
element  of  extraordinary  nature  and  most  disorganizing  proper- 
ties. 

In  the  language  of  Mitchill  it  (septon) 

is  the  universal  decomposer*****deleterious  to  evers^ing 
animated,  but  united  with  alkaline  earths  it  separates  and  neu- 
tralizes putrid  compounds,  and  through  the  alcalescent  medium 
dissolves,  modifies  or  consumes  the  tmsound  matters  of  contagion 
and  pestilence,  or  the  virus  of  diseases. 

Septon,  continues  Mitchill,  "is  a  fiend  to  animal  and  vegetable 
life,"  and  he  applauded  the  various  chlorides  of  lime,  of  potash, 
of  soda  and  salt  to  stay  the  ravages  of  the  pesthouse;  to  purify 
from  filth,  and  held  that  they  deserved  rank  "in  materia  medica 
as  antiseptics,  relieving  or  curing  maladies." 

In  all  this  Mitchill  clearly  assumed  the  role  of  a  sanitary 
chemist,  and  as  such  must  be  hailed  as  the  earliest  pioneer,  whose 
efforts  and  discoveries  antedated  by  at  least  thirty  years  those 
proclaimed  with  so  much  pride  in  Europe. 

Many  of  his  papers  were  promptly  translated.  His  corre- 
spondence from  all  parts  of  the  civilized  world  on  this  topic  be- 
came voluminous.  Quite  frequently  does  one  encounter  lines 
such  as  these:  "Prof.  Reich  of  Erlangen  writes  that  several  of 
Dr.  MitchiU's  pieces  on  pestilential  fluids  have  been  translated 
into  German."  The  manner  of  the  obliteration  of  these  fluids 
naturally  follows. 

Personally,  I  feel  that  these  contributions  of  Mitchill  have  too 
long  lain  unstudied  and  unannounced.  He  was  a  veritable  bio- 
chemist. 

The  Fathers  of  chemistry  in  America  were  keen  to  have 
their  science  serve  their  country.  Woodhouse,  Seybcrt,  Coxe, 
Maclean,  Mitchill,  like  many  others,  made  it  the  central  science 
thus  anticipating  the  later,  noble  expression  of  your  distinguished 
President,  Dr.  Butler,  who  said  a  while  ago:  "Probably  no  one 
will  dispute  the  statement  that  the  central  science  just  now — 
the  one  that  is  likely  to  remain  the  central  science  for  some  time 
to  come,  is  that  many-sided  body  of  knowledge  called  chemistry." 

Further,  these  "Fathers"  were  patriots.  Mitchill  establishing 
his  claim  thereto  when  he  "laboured  jointly  with  his  patriotic 
neighbors  with  mattock  and  shovel,  in  the  trenches  to  erect 
fortifications  against  the  enemy  in  1814." 

The  time,  however,  has  arrived  to  close  tliis  narrative  (incom- 
plete as  it  is)  of  the  achievements  of  the  son  of  a  Long  Island 
Quaker  farmer,  who  as  a  boy,  in  prosecuting  his  studies  on  long 
winter  nights,  when  candle  light  was  not  allowed  him  according 
to  his  wishes,  made  a  preparation  of  brushwood  and  other  light 
fuel,  from  the  flames  of  which  he  continued  his  studies  long  into 
the  night. 
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At  the  period  when  Mitchill  would  have  entered  King's  College, 
that  institution,  erected  to  letters,  was  appropriated  to  arms, 
scholastic  exercises  suspended  and  the  professors  dispersed,  so 
that  it  was  under  the  guidance  of  Dr.  Leonard  Cutter,  an  alumnus 
of  Cambridge  (England),  that  Mitchill  acquired  an  intimate 
acquaintance  with  classical  literature  which  constituted  one  of 
his  delights  throughout  his  subsequent  life. 

Although,  for  the  sake  of  medical  studies,  he  eventually  did 
come  to  New  York,  he  found  the  College  a  military  hospital, 
its  chambers  occupied  by  the  sick  and  wounded  of  the  British 
Army,  but  happily  received  an  opportunity  to  repair  to  Edinboro, 
from  which  University  he  won  his  medical  degree  in  1786 — at 
twenty-two  years  of  age.  His  thesis  lies  before  me.  It  covers 
twenty-five  pages  of  excellent  Latin. 

Mitchill's  rank  was  eminent  among  scientists.  Ancient  and 
modem  languages  were  unlocked  to  him.  And  often,  very  often, 
he  would  resort  to  verse  to  exhibit  his  affection  for  favorite 
sciences.     Witness  a  few  lines  on  the  "Nautilus:" 

I  saw  thee,  beauteous  form. 

As  late  I  walked  the  oceanic  strand. 

And  as  my  curiosity  was  warm, 

I  took  thee  in  my  hand. 

Soon  I  discovered  a  terrific  storm. 

Which  nothing  human  could  command 

Had  robbed  tliee  of  thy  life  and  cast  thee  on  the  sand. 


Or  that  on  the  "Diamond  and  the  Rose:" 

Those  matchless  rays  the  diamond  shows, 
With  promptness  I  decline. 
That  I  may  dwell  within  the  rose 
And  make  its  blossoms  mine. 

Many  of  the  Doctor's  most  delightful  literary  contributions 
and  scientific  communications  have  fallen  into  an  unmerited 
oblivion,  but  the  record  of  his  chemical  activities  remains  and  will 
surely  serve  as  an  inspiration  for  us,  followers  of  his  favorite 
science,  to  emulate  him. 

Among  popular  testimonials  of  his  abilities  might  be  cited  his 
investiture  into  learned  institutions  of  Europe  and  of  this  country, 
the  seals  of  more  than  a  hundred  of  such  diplomas  at  home  and 
abroad  bearing  the  name  of  Mitchill. 

A  gentleman  who  lingered  at  the  grave  of  Mitchill  on  the  day 
of  his  funeral  (September  7,  1831),  not  being  recognized  by  the 
sexton,  asked  of  the  latter  "whom  he  had  just  buried?"  "A 
great  character,"  he  answered,  "one  who  knew  all  things  on 
earth,  and  in  the  waters  of  the  great  deep." 

And  on  the  beautiful  monument,  marking  his  last  resting 
place,  in  Greenwood  Cemetery,  are  cut  these  words : 

Whether  there  be  knowledge  it  shall  vanish  away. 
For  we  know  in  part. 


SCIENTIFIC  SOCIETIES 


Methods  for  the  Analysis  of  Rubber  Goods 

Recommended  by  the  Commiilee  on  Methods  of  Analysis  of  the  Rubber  Division 
of  the  American  Chemical  Society^ 

At  the  meeting  of  the  American  Chemical  Society  held  in 
Rochester,  N.  Y.,  1921,  a  Committee  was  appointed  to  draw  up 
a  standard  procedure  for  the  analysis  of  rubber  goods.  This 
Committee  suggests  the  following  tentative  procedure.  It  is 
being  published  so  that  all  chemists  may  have  an  opportunity 
to  make  their  criticisms.  Any  criticisms  should  be  sent  to  the 
chairman  of  the  Committee  as  soon  as  possible,  for  it  is  desired 
to  present  the  procedure  in  its  final  form  for  adoption  at  the  fall 
meeting  in  Pittsburgh. 

Reasons  for  the  Analysis 

acetone  extract — If  the  acetone  extraction  is  made  on  a 
vulcanized  compound,  the  acetone  removes  the  rubber  resins, 
the  free  sulfur,  any  mineral  oils  or  waxes,  and  part  of  any  bitu- 
minous substances  or  Nmlcanized  oils  that  may  have  been  used. 
The  percentage  of  free  sulfur  is  determined  and  deducted  from 
the  total  extract.  The  corrected  figure  thus  obtained  will  at 
times  give  valuable  information  regarding  the  quality  of  the 
rubber  present.  For  the  best  grades  of  Hevea  rubber,  this  should 
not  exceed  5  per  cent  of  the  rubber  present.  A  higher  extract 
may  indicate  the  presence  of  inferior  or  reclaimed  rubbers. 

chloroform  extract — The  chloroform  extraction  removes 
a  portion  of  the  bituminous  substances  and  serves  as  an  indica- 
tion of  their  presence. 

alcoholic-alkali  extract — The  ptu-pose  of  the  alcoholic- 
alkali  extraction  is  to  detect  the  presence  of  rubber  substitutes. 

^  Mr.  S.  Collier,  Chairman,  Bureau  of  Standards,  Washington.  D.  C; 
Prof.  H.  E.  Simmons.  Municipal  University  of  Akron,  Akron.  Ohio;  Mr. 
Wm.  B.  Weigand,  Ames,  Holden,  MacCready,  Ltd.,  Montreal,  Can.; 
Mr.  A.  H.  Smith,  Rubber  Service  Laboratories  Co.,  Inc.,  Akron,  Ohio;  Mr. 
E.  W.  Oldham,  Firestone  Tire  &  Rubber  Co.,  Akron,  Ohio;  Mr.  H.  B. 
Pushee,  General  Tire  &  Rubber  Co.,  Akron,  Ohio;  Mr.  A.  H.  Flower, 
Palls  Rubber  Co.,  Cuyahoga  Palls,  Ohio;  Mr.  P.  J.  Dugan,  Goodyear 
Tire  &  Rubber  Co..  Akron,  Ohio. 


FREE  SULFUR — ^The  free  sulfur  is  defined  as  that  which  is  re- 
moved during  the  acetone  extraction. 

TOTAL  SULFUR — This  represents  the  sulfur  that  occurs  in  the 
compound  either  free  or  chemically  combined. 

ASH^The  ash  is  the  residue  left  after  ignition  and  consists 
principally  of  the  nonvolatile  mineral  fillers,  together  with  their 
reaction  products  with  sulfur. 

SULFUR  IN  ASH — The  sulftu:  in  ash  consists  of  the  sulfur  from 
the  mineral  fillers,  and  also  part  of  the  sulfur  that  was  with  the 
rubber,  but  which  dm-ing  ignition  enters  into  combination  with 
one  or  another  of  the  mineral  fillers. 

SPECIAL  DETERMINATIONS — Special  methods  are  given  for  the 
analysis  of  compounds  that  contain  glue,  carbon,  antimony, 
and    waxy  hydrocarbons. 

RUBBER— Up  to  the  present  time  no  accurate  method  has  been 
devised  for  the  direct  determination  of  the  amount  of  rubber 
present  in  a  vulcanized  compound.  For  this  reason  the  indirect 
method  outlined  below  is  recommended. 

Preparation  of  Sample 

1 — Before  preparing  a  sample  for  analysis,  the  analyst  shall, 
by  inspection,  assure  himself  that  it  has  not  been  contaminated. 
The  sample  shall  be  prepared  by  taking  pieces  from  various  parts 
of  the  original  sample  and  separating  them  from  foreign  matter. 

2^Either  grind  to  the  required  fineness  on  a  rubber  mill  or 
cut  with  scissors  so  as  to  pass  a  No.  14  sieve. 

3 — Hard  rubber  should  be  prepared  by  rasping  with  a  coarse 
file,  cleaning  with  a  magnet,  and  passing  through  a  No.  14  sieve. 

4 — Crude,  reclaimed,  or  unvulcanized  rubber  shall  be  sheeted 
out  very  thin  on  an  experimental  mill  and  shall  be  rolled  in  holland 
or  other  cotton  cloth  to  prevent  the  sample  from  sticking.  If 
no  mill  is  available,  the  sample  shall  be  cut  with  scissors  as  fine 
as  possible. 

5 — Samples  of  rubberized  cloth  shall  be  prepared  by  cutting 
into  pieces,  1.5  mm.  square,  and  then  mixing  well. 

6 — Cements:  Evaporate  to  dryness  and  analyze  the  residue 
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as  an  unvulcanizeil  sample.      Steam-distil  a  separate  sample  if 
examination  of  the  solvent  is  desired. 

Reagents 

7 — The  acetone  shall  be  chemically  pure  and  shall  be  freshly 
redistilled  over  anhydrous  sodium  carbonate,  using  the  56°  to 
57°  C.  fraction. 

8 — The  alcoholic-alkali  solution  shall  be  of  normal  strength. 
It  shall  be  made  by  dissolving  the  required  amount  of  alkali  in 
the  smallest  quantity  of  hot  distilled  water  and  adding  this  to 
specially  purified  alcohol,  which  is  prepared  as  follows; 

Dissolve  1.5  g,  of  silver  nitrate  in  3  cc.  of  water,  and  add  it  to  1000  cc. 
of  alcohol.  Dissolve  3  g.  of  alkali  in  the  smallest  amount  of  hot  water, 
cool,  add  it  to  the  alcoholic-silver  nitrate  solution,  and  shake  thoroughly. 
Allow  the  solution  to  stand  for  at  least  24  hrs.,  filter,  and  distil.  (Alcohol 
denatured  with  10  per  cent  by  volume  of  methanol  may  be  used  in  place 
of  ethyl  alcohol.) 

9 — The  nitric  acid-bromine  reagent  shall  be  prepared  by  add- 
ing a  considerable  excess  of  bromine  to  concentrated  nitric  acid 
and  shaking  thoroughly.     It  can  be  used  immediately. 

lO^The  zinc-nitric  acid  solution  is  made  by  adding  200  g. 
of  zinc  oxide  to  1000  cc.  of  concentrated  nitric  acid. 

11— Barium  chloride  solution  shall  be  made  by  dissolving  100 
g.  of  crystallized  barium  chloride  in  1  1.  of  distilled  water,  and 
adding  2  to  3  drops  of  concentrated  hydrochloric  acid.  If 
there  is  any  insoluble  matter  or  cloudiness,  the  solution  shall 
be  heated  on  the  steam  bath  over  night  and  filtered.  Care  should 
be  taken  not  to  add  more  acid  than  the  amount  specified. 

12 — Standard  0.1  iV  potassium  permanganate  solution  is  made 
as   follows : 

Dissolve  approximately  3.1  g.  of  potassium  permanganate  in  1 1.  of  water, 
and  after  about  1  mo.  filter  the  solution  through  an  ignited  asbestos  pad. 
Weigh  out  0.25  g.  of  pure  metallic  antimony  and  transfer  it  to  a  600-cc. 
Erlenmeyer  fiask.  Add  12  to  15  cc.  of  concentrated  sulfuric  acid,  10  to  12 
g.  of  potassium  sulfate,  and  heat  until  all  the  antimony  is  dissolved.  Dilute 
to  250  cc.  with  water,  add  20  cc.  of  concentrated  hydrochloric  acid,  cool  to 
10^  to  15'^  C,  and  titrate  with  permanganate  solution  until  a  faint  pink 
color  is  obtained. 

,  ,  n  ,   ,r  i^»»  /^         ^t.  of  metallic  antimony 

1  cc.  of  0.1  N  KMnOt  =  — 

Cc.  of  permanganate 

=  Grams  of  antimony  ■■  Sb 

13 — Starch  iodate  paper  is  prepared  by  impregnating  filter 

paper  with  a  solution  obtained  by  heating  2  g.  of  starch  with 

100  cc.  of  water  and,  after  solution,  adding  0.2  g.  of  potassium 

iodate  dissolved  in  5  cc.  of  water. 

14 — Prepare  a  Gooch  crucible  in  the  following  manner: 
Amphibole  asbestos  is  cut  fine  with  shears,  digested  with  10 
per  cent  caustic  soda  solution,  washed  with  water  and  then 
digested  with  concentrated  hydrochloric  acid  for  a  few  hours 
on  the  steam  bath.  After  it  has  been  washed  comparatively 
free  from  acid  by  decantation,  the  asbestos  is  shaken  up  with 
water  and  the  resulting  mixture  is  used  in  preparing  the  pads. 
The  Gooch  crucibles  should  be  ignited,  and  are  then  ready  for 
use. 

15 — The  purity  of  all  materials  shall  be  checked  and  deter- 
mined by  blank  analyses. 

Methods  op  Analysis 

16.  SPECIFIC  GRAVITY — This  shall  be  determined  by  the  use 
of  a  pycnometer,  using  alcohol  in  place  of  water,  to  eliminate 
the  errors  due  to  air  bubbles. 

A    ■»    Wt.  of  pycnometer  filled  with  alcohol. 

B    •»    Wt.  of  pycnometer  filled  with  sample  and  alcohol. 

C   -»   Wt.  of  sample. 

Q 

Sp.   gr.    -   ^_,p_^j    X  .Sp.  gr.  of  alcohol. 

17.  ACETONE  EXTRACT — The  extracting  apparatus  used  here 
and  for  other  extractions  shall  be  of  the  type  similar  to  that  shown 
in  This  Journal,  9  (1917),  314.  The  flask  shall  be  heated 
so  that  the  period  of  filling  an  empty  siphon  cup  with  acetone 
and  completely  emptying  it  will  be  between  2.5  and  3.5  min. 


Place  2  g.  of  rubber  in  a  thimble  made  by  folding  a  filter  paper 
so  that  it  will  fit  in  the  extraction  cup,  which  is  suspended  in  a 
weighed  extraction  flask.  Extract  the  sample  continuously  for 
8  hrs.,  unless  the  solution  in  the  thimble  is  still  colored  at  the  end 
of  that  time,  when  the  extraction  shall  proceed  for  a  further 
period  of  4  hrs.  or  longer.  For  hard  rubber  the  extraction  period 
shall  be  a  minimum  of  72  hrs.  Carefully  note  all  characteristics 
of  the  acetone  extract,  both  when  hot  and  cold.  Distil  off  the 
acetone  on  the  steam  bath  at  as  low  a  temperature  as  possible. 
Loss  of  extract  by  bumping  can  be  avoided  by  means  of  a  gentle 
current  of  air  or  by  slightly  inclining  the  flask. 

Care  must  be  taken  to  avoid  allowing  the  flasks  to  stand  on  the 
steam  bath  after  the  solvent  has  been  removed,  because  appre- 
ciable quantities  of  free  sulfur  may  be  lost  by  so  doing.  Dry 
the  extraction  flask  and  contents  in  an  air  bath  for  1  hr.  at  70°  C, 
cool,  and  weigh.  Call  the  residue  "Acetone  Extract,  Uncor- 
rected." 


Percentage  of  acetone  extract,  uncorrected 


Wt.  of  extract 
Wt.  of  sample 


X  100. 


Save  the  rubber  sample  and  keep  for  future  determinations. 

18.  chloroform  extract — The  rubber  sample  (Paragraph 
17),  without  removing  the  acetone  from  it,  is  suspended  in  a 
second  weighed  extraction  flask  and  extracted  for  4  hrs.  with 
chloroform.  Care  should  be  taken  that  any  small  particles  of 
rubber,  which  are  often  carried  down  into  the  extract,  are  filtered 
oflf.  Evaporate  off  the  solvent  and  dry  for  1  hr.  at  70°  C,  cool, 
and  weigh.  The  color  of  the  chloroform  solution  should  be 
recorded.  Reserve  the  rubber  for  extraction  with  alcoholic- 
alkali. 

Percentage  of  chloroform  extract  =    =7-^ — ;-  X  100. 

Wt.  of  sample 

19.  ALCOHOLIC-ALKALI  EXTRACT — Dry  the  rubber  from  the 
chloroform  extraction  at  about  70°  C.  to  remove  the  chloroform, 
transfer  to  a  200-cc.  Erlenmeyer  flask,  add  50  cc.  of  alcoholic- 
alkali  solution,  and  heat  under  a  reflux  condenser  for  4  hrs. 
Filter  into  a  250-cc.  beaker,  wash  with  two  portions  of  25  cc. 
of  boiling  alcohol;  then  with  three  25-cc.  portions  of  boiling  water, 
and  evaporate  the  filtrate  to  dryness.  Use  about  75  cc.  of  dis- 
tilled water  to  transfer  the  residue  to  a  separatory  funnel.  Add 
a  few  drops  of  methyl  orange  and  acidify  the  solution  with  10 
per  cent  hydrochloric  acid.  Extract  with  four  25-cc.  portions 
of  ether,  unless  the  fourth  portion  should  be  colored,  when  the 
extraction  must  be  continued  until  no  further  quantity  can  be 
removed.  Unite  the  ether  fractions  and  wash  thoroughly  with 
distilled  water  until  free  from  acid  (two  washings  are  generally 
sufficient).  Filter  the  ether  solution  through  a  plug  of  absorbent 
cotton  into  a  weighed  flask,  wash  with  ether,  evaporate,  dry  for 
1  hr.  at  70°  C,  cool,  and  weigh. 

Wt.  of  sample 


Percentage  of  alcoholic-alkali  extract 


Wt.  of  extract 


X  100. 


20.  FREE  SULFUR — Add  to  the  flask  containing  the  acetone  ex- 
tract, uncorrected  (Paragraph  17),  50  to  60  cc.  of  distilled  water 
and  2  to  3  cc.  of  bromine,  and  cover  with  a  watch  glass.  (If 
the  acetone  extract  indicated  a  large  amount  of  free  sulfur, 
the  amount  of  bromine  used  may  be  increased.)  Allow  the 
flask  to  stand  0.5  hr.  on  the  side  of  the  steam  bath,  then  heat 
cautiously  over  the  direct  steam  bath  until  the  solution  is  practi- 
cally colorless,  filter  into  a  250-cc.  beaker,  and  dilute  to  about 
175  cc.  with  distilled  water.  Precipitate  with  barium  chloride 
and  determine  in  the  usual  maimer,  taking  the  proper  precau- 
tions to  prevent  the  reduction  of  the  barium  sulfate  during  the 
ignition. 

wt.  of  BaS04  X  0.1373 


Percentage  of  free  sulfur   — 


Wt.  of  sample 


X  100. 


21.  TOTAL  SULFUR — Placc  0.5  g.  of  rubber  in  a  porcelain 
crucible  of  about  75-cc.  capacity,  add  15  cc.  of  the  nitric  acid- 
bromine  mixture,  cover  the  crucible  with  a  watch  glass,  and  let 
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it  stand  for  1  hr.  in  the  cold.  Heat  for  an  hour  on  the  steam  bath, 
remove  the  cover,  rinse  it  with  a  little  distilled  water,  and 
evaporate  to  dryness.  Add  3  cc.  of  nitric  acid,  cover,  warm  a 
short  time  on  the  steam  bath,  then  let  it  cool.  Carefully  add 
in  small  portions,  by  means  of  a  glass  spatula,  5  g.  of  sodium 
carbonate  (weighed  to  0.5  g.).  The  watch  glass  is  to  be  raised 
only  high  enough  to  permit  the  introduction  of  the  spatula. 
The  carbonate  is  allowed  to  slide  down  the  side  of  the  crucible 
and  is  not  dropped  directly  into  the  acid.  Rinse  the  watch  glass 
with  2  or  3  cc.  of  hot  distilled  water  and  stir  the  mixture  thoroughly 
with  a  glass  rod.  Digest  for  a  few  minutes,  spread  the  mix- 
ture half  way  up  the  side  of  the  crucible  to  facilitate  drying,  and 
dr>'  on  a  steam  bath.  Fuse  the  mixture  by  heating  over  a  sul- 
fur-free gasoline  flame. 

Place  the  crucible  in  an  inclined  position  on  a  wire  triangle  and 
start  the  ignition  over  a  low  flame.  The  tendency  for  the  rubber 
to  burn  too  briskly  is  controlled  by  judicious  use  of  the  stirring 
rod  with  which  the  burning  portion  is  scraped  away  from  the  rest. 
When  part  of  the  mass  is  burned  white,  a  fresh  portion  is  worked 
into  it,  and  so  on  until  all  of  the  organic  matter  is  destroyed. 
It  is  necessary  to  hold  the  edge  of  the  crucible  with  tongs.  To- 
ward the  last  half  of  the  operation  the  flame  should  be  increased 
somewhat,  but  it  is  never  necessar>'  to  heat  the  crucible  to  red- 
ness. With  care  a  crucible  can  be  used  for  at  least  ten  or  twelve 
fusions. 

After  a  fusion,  allow  the  crucible  to  cool,  place  it  in  a  400-cc. 
beaker,  add  sufficient  distilled  water  to  cover  the  crucible  (about 
125  cc.  are  required),  and  digest  on  the  steam  bath  for  2  hrs., 
with  occasional  stirring.  If  the  filtration  cannot  be  made  in 
the  same  day,  do  not  add  the  water,  but  allow  the  fusion  to  stand 
over  night. 

Filter  the  solution  into  a  covered  400-cc.  beaker  containing  5 
cc.  of  concentrated  hydrochloric  acid,  and  wash  the  residue  thor- 
oughly with  hot  water.  (A  qualitative  test  for  barium  sulfate 
can  be  made  on  the  residue.)  Now  complete  the  acidification 
of  the  filtrate  and  washings  and  add  2  cc.  of  concentrated  hy- 
drochloric acid  in  excess.  Cover  the  beaker  and  heat  the  solu- 
tion on  the  steam  bath.  The  total  volume  of  the  solution  should 
not  exceed  300  cc.  The  solution  must  be  acid  to  Congo  paper 
in  order  to  insure  the  complete  destniction  of  the  carbonates. 
Precipitate  with  barium  chloride  and  determine  the  sulfur  in 
the  usual  maimer. 


Percentage  of  total  sulfur  = 


Wt.  of  BaSOt  X  0.1373 
Wt.  of  sample 


X  100. 


22.  ALTERNATIVE  METHOD — Place  a  0.5-g.  sample  in  a  500-cc. 
Erlenmeyer  destruction  flask  (Pyrex  glass).  Add  10  cc.  of  zinc 
oxide-nitric  acid  solution  and  whirl  the  flask  rapidly  to  moisten 
the  sample  thoroughly.  If  convenient,  the  mixture  may  be 
allowed  to  stand  over  night  at  this  point.  By  so  doing  the  sam- 
ple becomes  partly  decomposed;  this  permits  the  addition  of 
fuming  nitric  acid  with  no  danger  of  ignition  of  the  sample. 
Add  15  cc.  of  fuming  nitric  acid  and  whirl  the  flask  rapidly  to 
keep  the  sample  immersed  to  avoid  ignition  by  too  rapid  oxida- 
tion. With  some  samples  it  will  be  found  necessary  to  cool  the 
flask  under  a  stream  of  tap  water. 

When  the  solution  of  the  rubber  is  complete,  add  5  cc.  of 
saturated  water  solution  of  bromine,  and  slowly  evaporate  the 
mixture  to  a  foamy  sirup.  (For  the  determination  of  total 
sulfur  in  unvulcanized  mixtures  use  3  cc.  of  bromine  in  place  of 
bromine  water.) 

If  particles  of  organic  matter  remain  at  the  end  of  the  evapora- 
tion, add  a  few  cc.  of  fuming  nitric  acid  and  reevaporate  as  be- 
fore. Cool,  and  add  a  few  cn,-stals  of  potassium  chlorate  to 
assist  in  the  oxidation  of  the  sulfur  and  the  decomposition  of 
any  nitrates. 

Place  the  flask  on  asbestos  gauze  and  evaporate  the  mixture 
to  dryness  over  a  Tirrill  burner.  Then  bake  the  mixture  at 
the  highest  temperature  of  the  burner  until  all  nitrates  are 


decomposed  and  no  more  nitrogen  peroxide  fumes  can  be  detected. 
(Care  should  be  taken  to  insure  uniform  penetration  of  the  heat 
throughout  the  contents  of  the  flask  and  to  remove  the  flask 
as  soon  as  the  "baking"  is  complete.)  When  the  baking  is 
complete,  cool  the  flask,  add  50  cc.  of  (1  :  6)  hydrochloric  acid 
and  heat  until  solution  is  complete.  (In  case  the  original  mix- 
ture contains  barium  salts,  they  will  be  precipitated  at  this  point. 
If  litharge  is  present  in  the  mixture,  lead  salts,  not  otherwise 
removed,  will  be  eliminated  in  the  final  washing  with  boiling 
water.)  Filter  the  solution,  dilute  to  300  cc,  precipitate  with 
barium  chloride,  and  determine  the  sulfur  in  the  usual  manner. 


Percentage  of  total  sulfur  = 


Wt.  of  BaSO<  X  0.1373 
Wt.  of  sample 


X  100. 


2.3.  ASH — Wrap  a  1-g.  sample  in  a  filter  paper,  extract  with 
acetone  for  4  hrs.,  and  transfer  to  a  weighed,  approximately 
50-cc.  porcelain  crucible.  Distil  off  the  rubber  over  a  very  small 
flame,  not  allowing  it  to  catch  fire,  and  ignite  until  burnt  clean, 
cool,  and  weigh. 

Wt.  of  ash 


Percentage  of  ash 


Wt.  of  sample 


X  100. 


24.  SULFUR  IN  ASH — Add  3  cc.  of  nitric  acid-bromine  mixture 
to  the  ash  (Paragraph  23),  cover  with  a  watch  glass  and  heat  for 
1  hr.,  remove  the  cover,  rinse  it  with  a  little  distilled  water, 
and  evaporate  to  dryness.  Complete  the  determination  of  sul- 
fur as  described  under  Paragraph  21. 

Wt.  of  BaSOi  X  0.1373 


Percentage  of  sulfur  in  ash 


Wt.  of  sample 


X  100. 


Save  the  insoluble  residue  after  filtering  the  solution  of  the 
fusion  mixture  in  water  for  testing  according  to  Paragraph  25. 

25.  BARIUM  SULFATE — The  barium  sulfate  is  calculated 
from  the  barium  in  the  ash,  which  is  determined  as  follows: 
Filter  off  the  insoluble  matter  after  the  fusion  and  extraction  in 
Paragraph  24,  wash  back  into  the  original  beaker  with  hot  water, 
dissolve  the  residue  in  the  beaker  and  any  traces  on  the  filter 
paper  with  hydrochloric  acid,  and  heat  the  solution  on  the  steam 
bath.  Filter  through  the  same  filter  as  before  and  wash  thor- 
oughly with  hot  water.  Nearly  neutralize  the  solution  with 
ammonium  hydroxide,  leaving  it  slightly  acid.  Saturate  the 
solution  with  hydrogen  sulfide  in  the  cold,  and  when  the  lead 
sulfide  has  settled,  filter  into  a  400-cc.  beaker  and  wash  thor- 
oughly. The  total  volume  should  be  not  over  200  cc.  Precipi- 
tate with  10  per  cent  sulfuric  acid  and  determine  the  sulfur  in 
the  usual  manner.  Barium  sulfate  determined  above  is  assumed 
to  have  been  added  as  such.  Obviously,  if  barium  carbonate 
is  used,  it  must  be  determined  in  order  that  an  undue  correction 
will  not  be  made. 

Wt.  of  BaSO.  X  0.1373 


Percentage  of  sulfur  as  barium  sulfate  = 


Wt.  of  sample 


X  100. 


26.  TOTAL  ANTIMONY — When  a  qualitative  test  indicates  that 
antimony  is  present,  weigh  out  a  0.5-g.  sample,  and  transfer  to  a 
Kjeldahl  flask,  add  25  cc.  of  concentrated  sulfuric  acid  and  10 
to  12  g.  of  potassium  sulfate,  place  a  funnel  in  the  neck  of  the 
flask,  and  heat  untU  the  solution  becomes  colorless.  Cool  and 
wash  the  funnel,  dilute  the  solution  to  100  cc.  with  water,  and 
transfer  to  a  400-cc.  beaker,  dilute  to  250  cc.  with  hot  water, 
and  precipitate  the  antimony  with  hydrogen  sulfide.  Filter 
and  transfer  the  precipitate  to  a  Kjeldahl  flask,  add  15  cc.  of  con- 
centrated sulfuric  acid,  10  to  12  g.  of  potassium  sulfate,  and  heat 
as  described  above  until  the  solution  is  colorless.  Wash  the 
funnel,  dilute  the  solution  to  100  cc.  with  water,  add  1  to  2  g. 
of  sodium  sulfite,  and  boil  until  all  the  sulfur  dioxide  is  driven 
out.  This  is  shown  when  no  blue  color  is  obtained  with  starch 
iodate  paper.  Add  20  cc.  of  concentrated  hydrochloric  acid, 
dilute  to  250  to  275  cc.  with  water,  cool  to  10°  to  15°  C,  and 
titrate  with  standard  0.1  iV  permanganate  solution  until  a  faint 
pink  color  is  obtained.     If  iron  is  found  to  be  absent,  it  is  not 
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necessary  to  precipitate  the  antimony  with  hydrogen  sulfide, 
and  the  second  heating  in  a  Kjeldahl  flask  can  be  eliminated. 

„                      ,       ,.                 Sb  (Paragraph  12)  X  cc.  of  permanRanate^  ,„„ 
Percentage  of  antimony wt.  of  sample ^""• 

27.  ANTIMONY  IN  THE  ASH — -This  is  determined  in  the  ash  of 
a  1-g.  sample.  Transfer  the  ash  to  a  600-cc.  Erlcnmeyer  flask, 
add  12  to  15  cc.  of  concentrated  sulfuric  acid  and  10  to  12  g. 
of  potassium  sulfate,  and  boil  until  solution  is  complete.  It 
may  be  necessary  to  warm  part  of  the  sulfuric  acid  in  the  crucible 
to  transfer  any  adhering  particles  to  the  flask.  Rinse  with  the 
remaining  portion  of  acid.  Then  complete  the  determination 
as  described  in  Paragraph  26. 

_  ,        .  .        ,  SbCParagraph  12)  X  cc.  of  permanganate 

Percentage  of  antimony  m  ash  =     ^77- — 7 ; 

Wt.  of  sample 

X  100. 

28.  FREE  CARBON — Extract  a  0.5-g.  sample  for  8  hrs.  with  a 
mi.xture  of  chloroform  and  acetone  in  a  volume  ratio  of  2  to  1. 
Transfer  the  sample  to  a  250-cc.  beaker  and  heat  on  the  steam 
bath  until  it  no  longer  smells  of  chloroform.  Add  a  few  cc. 
of  concentrated  nitric  acid  and  allow  to  stand  in  the  cold  for  about 
10  min.  Add  50  cc.  more  of  hot  concentrated  nitric  acid,  taking 
care  to  wash  down  the  sides  of  the  beaker,  and  heat  on  the  steam 
bath  for  at  least  1  hr.  At  the  end  of  this  time  there  should  be 
no  more  bubbles  or  foam  on  the  surface.  Pour  the  liquid  while 
hot  into  the  crucible,  taking  care  to  keep  as  much  as  possible  of 
the  insoluble  material  in  the  beaker.  Filter  slowly  with  gentle 
suction  and  wash  well  by  decantation  with  hot  concentrated 
nitric  acid.  Caution:  Empty  the  filter  flask.  Wash  with 
acetone  and  a  mixture  of  equal  parts  of  acetone  and  chloroform 
until  the  filtrate  is  colorless.  Digest  the  insoluble  material, 
which  has  been  carefully  retained  in  the  beaker,  for  30  min.  on 
the  steam  bath  with  35  cc.  of  25  per  cent  sodium  hydroxide  solu- 
tion. This  treatment  with  alkali  can  be  omitted  if  silicates  are 
absent.  Dilute  to  60  cc.  with  hot  distilled  water  and  heat  on 
the  steam  bath.  Filter  the  solution  of  alkali  and  wash  well  with 
hot  15  per  cent  sodium  hydroxide  solution.  Test  for  the  presence 
of  lead  by  running  some  warm  ammonium  acetate  solution, 
containing  an  excess  of  ammonium  hydroxide,  through  the 
pad  into  a  solution  of  sodium  chromate.  If  a  yellow  precipitate 
appears,  the  pad  must  be  washed  with  the  ammonium  acetate 
solution  until  the  washings  no  longer  precipitate  the  sodium 
chromate  solution. 

Next  wash  the  residue  a  few  times  with  hot  concentrated 
hydrochloric  acid  and  finally  with  warm  5  per  cent  hydrochloric 
acid.  Remove  the  crucible  from  the  funnel,  taking  care  that 
the  outside  is  perfectly  clean,  dry  it  in  an  air  bath  for  1.5  hrs. 
at  110°  C,  cool,  weigh,  burn  oS  the  carbon  at  a  dull  red  heat, 
and  reweigh.  The  difference  in  weight  represents  approximately 
105  per  cent  of  the  carbon  originally  present  in  the  form  of  lamp- 
black or  gas  black. 

Percentage  of  free  carbon  = 

Wt.  of  crucible  with  carbon  —  wt.  of  crucible  after  ignition 
1.05  X  wt.  of  sample 

29.  DETECTION  OF  GLUE — Heat  approximately  5  g.  of  ground 
sample,  with  enough  water  to  cover  it,  for  1  hr.  on  the  steam  bath, 
cool,  filter,  and  pour  it  slowly  into  a  1  per  cent  solution  of  tannic 
acid.  If  a  permanent  cloudiness,  however  slight,  appears,  glue 
is  present. 

30.  NITROGEN  CALCULATED  AS  GLUE — Extract  a  2-g.  sample 
for  8  hrs.  with  a  mixture  of  chloroform  and  acetone  in  the  ratio 
of  2  to  1.  Remove  the  solvents  from  the  sample  and  transfer 
the  latter  to  a  750-cc.  Kjeldahl  flask.  Add  25  to  30  cc.  of  con- 
centrated sulfuric  acid,  10  to  12  g.  of  sodium  sulfate,  and  about 
1  g.  of  copper  sulfate.  Place  the  flask  on  the  Kjeldahl  digesting 
apparatus.  Heat  gently  until  the  first  vigorous  frothing  ceases, 
then  raise  the  heat  gradually  until  the  liquid  boils.  Continue 
the  boiling  until  the  solution  becomes  clear.  Allow  the  flask 
to  cool,  dilute  carefully  with  150  cc.  of  water,  and  allow  to  cool. 


Add  100  cc.  of  .'iO  per  cent  sodium  hydroxide  solution,  pouring 
it  carefully  down  the  side  of  the  flask,  so  that  it  does  not  mix 
immediately  with  the  acid  solution.  Add  about  1  g.  of  granulated 
zinc  to  prevent  bumping  and  a  piece  of  paraffin  the  size  of  a  pea 
to  diminish  frothing.  Connect  the  flask  quickly  with  a  condenser, 
the  delivery  tube  of  which  dips  into  a  500-cc.  Erlenmeyer  flask, 
containing  50  cc.  of  0.1  N  sulfuric  acid  diluted  to  about  100  cc. 
Carefully  swirl  the  flask  to  mix  the  contents  and  start  to  heat 
gently,  increase  the  flame  as  the  danger  of  foaming  over  dimin- 
ishes, and  finally  boil  briskly  until  about  one-half  of  the  liquid 
has  passed  over  into  the  receiver.  Add  methyl  red  solution 
and  titrate  the  excess  acid  by  means  of  0.1  N  sodium  hydroxide 
solution.     A  blank  determination  should  be  made. 

Percentage  of  nitrogen  as  glue  = 

100  (Cc.  HiSOt  X  normality  -  cc.  NaOH  X  normality)  (0.014)  (5.56)  __ 
Wt.  of  sample 
(Cc.  of  HjSO.  X  normality  -  cc.  NaOH  X  normality)  X  3.892.' 
'  Simplified  formula  when  a  2-g.  sample  is  used. 

31.  UNSAPONiKiABLE  MATTER — If  this  determination  is  made 
the  free  sulfur  shall  be  determined  on  a  separate  2-g.  sample. 

Add  to  the  acetone  extract  (Paragraph  17)  50  cc.  of  iV  alcoholic- 
alkali  solution,  heat  on  the  steam  bath  under  a  reflux  condenser 
for  2  hrs.,  remove  the  condenser,  and  evaporate  to  dryness. 
Transfer  to  a  separalory  funnel,  using  about  100  cc.  of  water, 
add  25  cc.  of  ether,  and  shake.  Allow  the  two  layers  to  separate 
thoroughly,  then  draw  off  the  water  layer.  Continue  the 
extraction  of  the  water  layer  with  fresh  portions  of  ether  until 
no  mote  unsaponifiable  matter  is  removed,  unite  the  ethereal 
layers,  and  wash  with  distilled  water.  Transfer  the  ether  to 
a  tared  flask,  distil  off  the  ether,  dry  1  hr.  at  70°  C,  cool,  and 
weigh. 

Wt.  of  extract 


Percentage  of  unsaponifiable  matter  = 


Wt.  of  sample 


X  100. 


32.  WAXY  HYDROCARBONS — To  the  Unsaponifiable  matter 
(Paragraph  31)  add  50  cc.  of  absolute  alcohol,  and  heat  on  the 
steam  bath  for  0.5  hr.  Let  the  flask  stand  in  a  mixture  of  ice 
and  salt  for  1  hr.  Filter  off  the  separated  waxy  hydrocarbons 
on  filter  paper,  by  applying  a  gentle  suction.  Wash  with  alcohol 
(95  per  cent  will  do),  which  has  been  cooled  in  an  ice-salt  mixture. 
The  funnel  should  be  surrounded  by  a  freezing  mixture. 

Dissolve  the  precipitate  from  the  filter  paper  with  hot  chloro- 
form, and  catch  the  solution  in  a  weighed  100-  to  150-cc.  beaker. 
Wash  the  flask  with  hot  chloroform,  which  is  added  to  the  same 
beaker,  in  order  to  include  any  insoluble  matter  adhering  to  the 
walls  of  the  flask.  Evaporate  off  the  solvent,  dry  the  residue 
for  about  1  hr.  at  70°  C,  cool,  and  weigh. 

Wt.  of  extract 


Percentage  of  waxy  hydrocarbons    = 


Wt.  of  sample 


X  100. 


Calculations 


33 — Percentage  of  organic  acetone  extract  =  percentage  of 
acetone  extract,  uncorrected  —  percentage  of  free  sulfur. 

34 — Percentage  of  acetone  extract,  corrected  =  percentage  of 
organic  acetone  extract  —  percentage  of  waxy  hydrocarbons. 

35 — Percentage  of  sulfur  as  antimony  trisulfide  =  percentage 

S3 
of     total     antimony    X   - —   =  percentage  of   total    antimony 
Sbj 

X  0.400. 

36— Percentage  of  total  antimony  as  trisulfide  =  percentage 


of  total   antimony    X 


SbaSs 
Sbj 


=   percentage  of  total  antimony 


X  1.400. 

37 — Percentage  of  total  sulfur,  corrected  =  percentage  of 
total  sulfur  —  percentage  of  sulfur  as  barium  sulfate  —  per- 
centage of  sulfur  as  antimony  trisulfide. 

38 — Percentage  of  ash,  corrected  =  percentage  of  ash  —  per- 
centage of  sulfur  in  ash  —  percentage  of  antimony  in  ash. 
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39 — Percentage    of    rubber    hydrocarbon 
of  the  following  percentages: 


100  -  the    sum 


Organic  acetone  extract 
Chloroform  extract 
Alcoholic-alkali  extract 
Total  sulfur,  corrected 


Ash,  corrected 

Carbon 

Glue 

Total  antimony  as  trisulfide 


40 — RUBBER  AS  COMPOUNDED — Percentage  of  rubber  hydro- 
carbon plus  5  per  cent  of  its  weight  is  taken  as  "rubber  as  com- 
pounded," except  when  the  sum  of  the  percentages  of  the  acetone 
extract,  corrected,  chloroform  extract,  and  alcoholic-alkali 
extract  is  less  than  the  figure  represented  by  the  arbitrary  5 
per  cent,  as  in  many  high-grade  compounds.  Percentage  of 
rubber  as  compounded  is  then:  Percentage  of  rubber  hydro- 
carbon plus  the  sum  of  the  percentages  of  the  organic  acetone 
extract,  the  chloroform  extract,  and  the  alcoholic-alkali  extract. 

41.  RUBBER  BY  VOLUME — Percentage  of  rubber  by  volume  = 
Percentage  of  rubber  as  compoimded  (Paragraph  40)  X  sp.  gr.  of 
compound 
0.94  (taken  as  the  average  sp.  gr.  of  crude  rubber) 

42 — Ratio  of  organic  acetone  extract  = 

Percentage  of  organic  acetone  extract 


Percentage  of  rubber  as  compounded 
43 — Ratio  of  sulfur  to  rubber  = 

Percentage  of  total  sulfur,  corrected 


X  100. 


Percentage  of  rubber  as  compounded 


X    100. 


Statement  of  Results 


Per  cent 
Organic  acetone  extract 
Waxy  hydrocarbons 
Chloroform  extract 
Alcoholic-alkali  extract 
Free  sulfur 

Total  sulfur,  corrected 
Ash,  corrected 


Per  cent 
Sulfur  as  barium  sulfate 
Total  antimony 
Sulfur  as  antimony  trisulfide 
Carbon 
Glue 

Rubber  hydrocarbon 
Rubber  by  volume 


Ratio  of  acetone  extract  to  rubber 
Ratio  of  sulfur  to  rubber 
Specific  gravity 


The  American  Leather  Chemists  Association 

The  American  Leather  Chemists  Association  will  hold  its 
19th  Annual  Meeting  at  Bigwin  Inn,  Lake  of  Bays  District, 
Ontario,  Canada,  on  June  21  to  23,  inclusive. 

The  following  papers  are  already  included  on  the  program: 
"The  Mode  of  Occmrence  of  Tannin  in  the  Living  Cell,"  by 
Prof.  F.  E.  Lloyd,  of  the  Department  of  Botany,  McGill 
University,  Montreal;  "The  Swelling  of  Gelatin,"  by  C.  R.  Smith, 
of  the  Bureau  of  Chemistrj',  Washington,  D.  C. ;  "The  Science  of 
Curing,"  "The  Practice  of  Curing,"  and  "The  Bacteriology  of 
the  Fresh  Hide,"  by  the  Leather  Research  Laboratory  of  the 
Tanners'  Council,  Cincinnati,  Ohio;  "A  Layman  in  Research," 
by  F.  M.  Moflat,  Chairman  of  the  Tanners'  Research  Committee; 
"The  Influence  of  Atmospheric  Hiunidity  on  the  Strength  and 
Stress  of  Leather"  and  "The  Preservation  Effect  of  Oils  and 
Greases  on  Leather,"  by  the  Bureau  of  Chemistry,  Washington, 
D.  C;  "Syntans  and  Mixture  of  Syntans  with  Vegetable  Tans," 
by  S.  Kohn;  "The  Distribution  of  Grease  in  Leathers,"  by 
L.  Balderston,  and  "Time  Reduction  in  the  Tanning  Process," 
by  R.  O.  Phillips.  It  is  expected  that  several  prominent  mem- 
bers of  the  British  Society  of  Leather  Trades  Chemists  will 
contribute  articles  to  be  read  at  the  meeting. 

Information  in  regard  to  hotel  rates,  train  schedules,  railway 
rates,  etc.,  may  be  obtained  by  communicating  with  the  Secre- 
tary of  the  Association,  H.  C.  Reed,  22  East  16th  St.,  New  York, 
N.  Y. 


Chemical  Equipment  Association 

On  May  10,  following  the  work  of  the  Committee  on  Organiza- 
tion, financed  by  twenty-five  chemical  process  equipment  manu- 
facturers, the  constitution  and  by-laws  of  the  Chemical  Equip- 
ment Association  were  ratified  and  this  new  group  of  manufac- 
turers began  work  as  outlined  imder  the  aims  and  purposes  of 
the  Association: 

Encourage  high  standards  in  the  industry. 

Promote  a  better  knowledge  of  conditions  controlling  the  industry's 
development. 

Take  steps  to  bring  about  definite  understanding  as  to  professional  services 
rendered  to  purchasers  in  connection  with  sale  of  equipment. 

Investigate  conditions  surrounding  the  resale  of  equipment  originally 
produced  for  specific  purposes. 

Disseminate  information  as  to  methods  of  arriving  at  correct  costs. 

Standardize  trade  phrases. 

Collect  and  disseminate  information  as  to  design,  raw  material  and  con- 
struction. 

Take  suitable  and  timely  notice  of,  and  action  upon,  matters  of  legislation, 
both  national  and  state,  which  affect  the  members  of  this  Association. 

Collect  and  disseminate  market  statistics,  both  domestic  and  foreign. 

Collect  and  disseminate  information  as  to  labor  conditions  and  relattons. 

And  enter  into  such  other  legitimate  Trade  Association  activities  as  may 
be  deemed  in  the  interest  and  welfare  of  the  industry. 

It  is  distinctly  understood  that  this  Association  will  not  undertake  any 
activity  which  will  restrain  trade,  limit  production  or  competition,  regulate 
prices,  or  otherwise  be  in  violation  of  the  law. 

The  morning  session  was  addressed  by  W.  A.  McCullough, 
Chairman  of  the  Fabricated  Products  Division  of  the  United 
States  Chamber  of  Commerce,  and  Wm.  A.  Durgin,  Chief  of  the 
Division  of  Simplified  Practice  of  the  Department  of  Commerce. 
In  the  evening  the  purposes  of  industrial  exhibitions,  methods  of 
management,  finance,  and  promotion  of  these  exhibits  were 
discussed  by  Alfred  Reeves,  Manager  of  the  Automobile  Chamber 
of  Commerce,  F.  W.  Payne,  Manager  of  the  National  Exposition 
of  Chemical  Industries,  and  Roberts  Everett,  Secretary  and  Man- 
ager of  the  Association  of  Ice  Cream  Supply  Men.  Each  of  the 
speakers  presented  in  informing  fashion  the  details  of  dissimilar 
projects,  and  the  resulting  discussion  brought  out  many  valuable 
data. 

The  Organization  Committee  will  fimction  for  the  Association 
imtil  the  Atmual  Meeting  next  September.  This  Committee 
consists  of  George  Lehman,  Chairman;  J.  C.  Kimberly,  Acting 
Chairman;  A.  A.  Holmes,  Secretary;  Paul  O.  Abbe,  and  P.  C. 
Kingsbiu^.  The  committees  provided  in  the  constitution  wiU  be 
appointed  at  once,  including  a  nominating  committee  and  a  com- 
mittee on  exhibitions.  There  are  approximately  200  firms, 
organizations,  or  individuals  who  are  known  to  be  eligible  to 
active  membership,  and  an  active  campaign  will  be  undertaken  at 
once. 

Those  attending  the  organization  meeting  were  as  follows: 

Paul  O.  Abbe.  Paul  O.  Abbe,  Inc. 

R.  C.  Campbell,  United  Filters  Corporation 

A.  N.  Bowes,  Read  Machinery  Co. 

G.  E.  Walker,  The  Dorr  Co. 

Samuel  J.  Baril  and  M.  Sultzer,  Maurice  A.  Knight 

H.  T,  Matthews,  Quigley  Furnace  Specialties  Co. 

R.  H.  McCready,  and  Lloyd  Lamborn,  Chemical  Age 

C.  L.  Bryden,  Vallez  Rotary  Filter  Press  and  Chemical  Equipment  Co. 
M.  W.  Smith,  Duriron  Co. 

G.  B.  Wright,  Nash  Engineering  Co. 
Walter  E.  Lummus,  Walter  E.  Lummus  &  Co. 
A.  H.  Stevens,  Bethlehem  Foundry  &  Machine  Co. 
L.  D.  Vorce,  Precision  Instrument  Co. 
A.  A.  Holmes,  E.  B.  Badger  &  Sons  Co. 
J,  C.  Kimberly,  Schutte  &  Koerting 

H.  C.  Parmelee  and  Irving  Fellner,  Chemical  and  Metallurgical  Engineer- 
ing 

D.  L.  Dowling,  Aterite  Compeny 

E.  P.  Specht,  Oil,  Paint  and  Drug  Reporter 
D.  H.  Killeffer.  Drug  and  Chemical  Markets 

H.  E.  Howe,  Journal  of  Industrial  and  Engineering  Chemistry 

F.  W.  Robinson,  E.  G.  Nellis,  and  F.  M.  Turner,  Jr.,  Chemical  Catalog 
Co.,  Inc. 

R.  S.  Beecher,  General  Ceramics  Co. 


June,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


565. 


Banquet,  Meeting  of  Cleveland  Section,  A.  C.  S.,  Akron.  Ohio,  May  3.  1922 


Meeting  in  Akron 

One  type  of  profitable  activity  made  possible  by  the  American 
Chemical  Society  was  well  illustrated  and  emphasized  by  the 
recent  meeting  of  the  Cleveland  Section  who  were  guests  of  the 
Akron  members  on  May  3.  The  general  region  for  miles  about 
Akron  was  represented,  and,  thanks  to  careful  organization  and 
excellent  transportation  facilities,  about  350  members  of  the  So- 
ciety availed  themselves  of  the  unusual  opportunities  offered 
through  the  cooperation  of  the  B.  F.  Goodrich,  Firestone,  and 
Goodyear  Rubber  Companies,  Maurice  A.  Knight,  the  Robinson 
Clay  Products  Company,  Philadelphia  Rubber  Works  Company, 
Quaker  Oats  Company,  and  the  Colonial  Salt  Company,  really 
to  see  these  various  enterprises  in  active  operation.  The  vis- 
itors in  groups  were  guests  at  luncheon  at  the  three  Akron  rub- 
ber companies  named,  and  in  the  evening  the  ball  room  of  the 
Portage  Hotel  was  filled  to  its  utmost  capacity  for  the  dinner  and 
the  program. 

With  Dr.  W.  C.  Geer  as  toastmaster,  the  importance  of  the 
all-day  meeting  was  emphasized  by  the  attendance  of  Mayor 
D.  C.  Rybolt  and  J.  B.  Huber,  Past  President  of  the  Chamber  of 
Commerce.  The  fact  that  executives  of  the  various  companies 
named  found  themselves  able  to  attend  the  dinner  and  hear  the 
talks  gave  the  impression  that  the  importance  of  industrial  chem- 
istry is  recognized  in  Akron.  In  addition  to  the  industrial  ex- 
cursions during  which  such  unusual  courtesies  were  extended  as 
that  by  the  Quaker  Oats  Company,  which  demonstrated  that 
some  food  is  shot  from  guns,  an  unusual  attraction  was  the  at- 
tendance of  President  Smith,  who  addressed  the  dinner  in  his 
well-known  interesting  fashion.  He  emphasized  the  service 
which  American  chemists  have  rendered  to  the  nation  and  to 
industry  and  to  public  welfare  ever  since  1792.  Other  speakers 
were  Drs.  A.  W.  Smith  and  C.  L.  Parsons,  and  Mr.  H.  E.  Howe. 

Of  course  meetings  of  this  sort  require  a  great  deal  of  plan- 
ning and  work  on  the  part  of  a  few.  All  who  participated  in 
the  activities  of  the  day  were  convinced  that  the  effort  was  well 
worth  while,  and  that  the  more  often  Sections  can  arrange  such 
full  days  for  instruction,  get-together,  and  entertainment,  the 
more  will  the  important  activities  of  Local  Sections  of  the 
Society  be  empha.sized,  particularly  to  the  younger  members. 


National    Research  Council    Fellowships    in 
Physics  and  Chemistry 

The  National  Research  Fellowships  in  Physics  and  Chemistry 
were  established  in  1919  under  a  grant  of  funds  by  the  Rocke- 
feller Foundation.  This  grant  appropriated  $100,000  per  year 
for  a  definite  period  of  years,  and  the  terms  of  this  grant  involved 
the  stipulation  that  the  funds  were  to  be  used  to  stimulate  re^ 
search  in  the  United  States  in  subjects  fundamental  to  physics 
and  chemistry.  The  administration  of  the  funds  was  placed  ia 
the  hands  of  the  National  Research  Council,  which  has  delegated 
the  supervision  of  these  fellowships  to  a  group  of  physicists  and 
chemists  known  as  the  National  Research  Fellowship  Board. 

This  Board  has  adopted  no  rigid  rules  of  procedure,  but  has 
guided  itself  by  endeavoring  to  select  only  exceptional  students 
in  the  fields  of  mathematics,  physics,  and  chemistry.  For  the 
most  part,  fellowships  will  be  awarded  to  American  citizens  who- 
have  had  training  equivalent  to  that  represented  by  the  Doctor's 
degree;  and  Fellows  are  expected,  and  will  be  permitted,  to  con- 
duct their  investigations  at  any  American  institution  that  will 
cooperate  in  meeting  their  needs.  In  those  rare  cases  where 
facilities  in  this  country  are  not  available  for  the  proper  prose- 
cution of  a  given  research,  the  Board  will  consider  applications 
for  work  at  properly  equipped  institutions  abroad.  Fellows  are 
appointed  for  one  year,  but  are  eligible  for  reappointment,  ordi- 
narily with  increase  of  salary  the  second  year  where  the  original 
appointment  was  at  the  minimum  rate  of  $1800  per  year. 

An  applicant  is  required  to  submit  with  his  application  for  a 
fellowship  the  subject  and  a  brief  summary  of  his  proposed  re- 
search, together  with  one  or  more  institutions — preferably  not 
that  at  which  the  major  part  of  his  work  has  been  carried  on — 
at  which,  in  his  opinion,  his  work  can  be  conducted  to  the  best 
advantage. 

Research  Fellows  are  expected  to  devote  their  entire  time  to 
research,  except  that  during  the  college  year  they  may,  at  their 
option,  give  not  more  than  one-fifth  of  their  time  to  teaching  of 
educational  value  to  themselves,  or  to  attendance  on  advanced 
courses  of  study.  They  may  associate  graduate  students  with 
their  researches.     Fellows  are  expected  to  submit  to  the  Board 
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Atomic  and  Molecular  Structure  Fellows 

Atomic  and  Molecular  Structure:  1 — A  Study  of  the  Factors  Which  Deter- 
mine  the    Existence   and    Intensity    of   Secondary    Valence    Unions.     2 — A 
Quantitative  Study  of  the  Action  of  Antagonistic  Electrolytes  upon  Emul- 
sions, Sols,  and  Jels  George  L.  Clark 
Molecular  Models  of  the  Hydrocarbons                                                                                    Jared  K.  Morse 

Ballistics 
iGeneral  Investigation  of  Movement  of  Small  Rigid  Bodies  through  Fluids, 
etc.  L.  T.  E.  Thompson 

;  Catalysis 

A  Study  of  the  Mechanism  of  Catalytic  Action  in  the  Synthesis  of  Am- 
monia A.  F.  Benton 

The  Mechanism  of  the  Catalytic  Combination  of  Ethylene  and  Hydrogen 
in  Presence' of  Copper,  Especially  with  Reference  to  the  Radiation  Theory  of 

Catalysis  and  the  Influence  of  Adsorption  Robert  N.  Pease 

Conductivity  of  Liquids 
A  Redetermination  of  the  Absolute  Value  for  the  Specific  Conductance  of 
Certain  Standard  Solutions  Henry  C.  Parker 

■  Crystallography 

;Correlation  of  Some  Optical  and  Electrical  Properties  of  Crystals  Joseph  Valasek 

Electricity 
The  Behavior  of  Inductance  Coils  at  High  Frequencies,  Atomic  Theory  as 
Borne  Out  by  Experiments  on  Photo-electric  Effects  Gregory  Breit 

Electronics 
A  Study  of  the  Relations  between  the  Existence  of  So-called  "Free" 
Electrons  in  Gases  at  Low  Pressures,  the  Abnormal  Mobility  of  Negative 
Ions  at  These  Pressures,  and  the  Mechanism  of  Ion  Formation  from  Elec- 
trons and  Neutral  Molecules  Leonard  B.  Loeb 

Study  of  Position  and  Properties  of  Odd  Electrons  in  Molecules  Containing 
an  Odd  Number  Axel  R.  Olson 

Positive  Ray  Analysis  Applied  to  Ionization  by  Electron  Impact  H,  DeW.  Smyth 

Heat 
Verification  of  the  Third  Law  of  Thermodynamics  F.  R.  Bichowsky 

Studies  in  the  Thermal  Chemistry  of  Colloids  F.  L.  Browne 

The  Specific  Heats,  Heats  of  Vaporization,  and  Vapor  Pressures,  Measured 
from  Ordinary  Temperatures  to  the  Temperatures  of  Liquid  Hydrogen  and 
Liquid  Helium,  of  Methane,  Ethane,  and  Propane,  in  the  Pure  State;  also  of 
Their  Mixtures  over  as  Wide  a  Range  of  Temperature  and  Pressure  as 

Possible  A.  G.  Loomis 

Humidity 
The  Measurement  of  Free-Air  Humidities  Geo.  P.  Paine 

Inorganic  Chemistry 
The  Equations  of  State  of  Gaseous  and  Liquid  Argon  Jas.  A.  Beattie 

Isotopes 
The  Resolution  into  Isotopes  of  Mercury  and  Other  Elements  (Nickel, 
Zinc,  and  Selenium)  by  a  Continuous  Method  of  Multiple-Stage  Fractional 

Diffusion  R.  S.  Mulliken 

Mechanics  of  Fluids 
(General)  The  Importance  of  Surface  Energy  as  a  Factor  in  Equilibrium 
(Particular)  A  Study  of  Adsorption  from  Solution  or  Effect  of  Surface 
Curvature  on  Liquid  Solubility  David  C.  Jones 

Organic  Chemistry 
The  Ammonia  System  of  Acids,  Bases,  and  Salts  F.  W.  Bergstrom 

The  Chemistry  of  Systems  Containing  Protein  Edwin  J.  Cohn 

The  Colloidal  Chemistry  of  the  Hydrous  Oxides  Allen  Garrison 

The  Preparation  of  Electromers  of  Benzene  Substitution  Derivatives  M.  C.  E.  Hanke 

Mild  Organic  Oxidations  R.  N.  Harger 

Mercuri-Organic  Derivatives  Morris  Kharasch 

The  Synthesis  of  Water-Soluble  Derivatives  Sriitable  for  Therapeutic 
Testing.     A  Continuation  of  the  Reactions  of  the  Arsines  Chas.  S.  Palmer 

Photochemistry 
The  Photochemistry  of  Visual  Purple  and  Allied  Photosensitive  Systems  Selig  Hecht 

The  Minimum  Amount  of  Energy  of  Monochromatic  Light  Required  to 
Blacken  a  Grain  of  Silver  in  a  Photographic  Plate  P-  ^-  Helmick 

Physiological  Physics 
Sensitivity  of  Normal  and  Abnormal  Ears  for  Tones  of  Various  Frequencies  John  P.  Mmton 

Spectroscopy 
The  Fine  Structure  of  the  Infrared  Absorption  Bands  of  Gases  E.  F.  Barker 

The  Relative  Intensities  of  the  Components  of  Some  Lines  as  Found  in 
the  Stark  Effect  for  Helium  J-  S-  Foster 

The  Spectroscopy  of  the  Rare  Earths:  Studies  in  the  Ultraviolet  Spectra  L.  F.  Yntema 

X-Rays 
Factors  Influencing  the  Intensity  of  Reflection  of  X-Rays  from  Crystals  R-  G.  Dickinson 


Harvard  University 
University  of  Chicago 


Kalamazoo  College 

California  Institute  of  Technology 

Princeton  University 

Clark  University 
University  of  Minnesota 

University  of  Leyden  (Holland) 

University  of  Chicago 

University  of  California 
Cambridge  University  (England) 

University  of  California 
University  of  Wisconsin 

Bureau  of  Mines 

Harvard  University 

Massachusetts  Institute  of  Technology 

University  of  Chicago 

University  of  London 

Stanford  University 

Harvard  University 

Rice  Institute 

University  of  Chicago 

Yale  University 

University  of  Chicago 

University  of  Illinois 

Harvard  University 

Princeton  University 

University  of  Chicago 

University  of  Michigan 

Yale  University 
Yale  University 

California  Institute  of  Technology 


shortly  before  March  1  of  each  year  a  detailed  report  on  the 
progress  of  their  researches,  and  must  present  an  account  of 
their  researches  in  form  for  pubUcation  before  withdrawing  from 
the  fellowship.  It  is  understood  that  all  results  of  investigations 
by  the  Fellows  shall  be  made  available  to  the  public  without 
restriction.  Fellowship  appointments  are  subject  to  the  condi- 
tion that  after  they  are  accepted  by  the  apphcant,  they  will  not 


be  vacated  within  the  year  without  consent  of  the  Research 
Fellowship  Board. 

Apphcations  for  these  fellowships  should  be  made  on  the  form 
provided  for  that  purpose,  and  should  be  sent  to  the  Secretary  of 
the  Research  Fellowship  Board,  1701  Massachusetts  Ave., 
Washington,  D.  C,  to  whom  all  other  correspondence  should 
also  be  addressed. 
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The  personnel  of  the  Fellowship  Board  consists  of: 

Simon  Flbxnkr,  Chairman,  Director  of  Laboratories.  Rockefeller  In- 
stitute for  Medical  Research. 

Henry  G.  Gale.  Executive  Secretary,  Professor  of  Physics.  University 
of  Chicago,  Chairman  of  the  Division  of  Physical  Sciences.  National  Re- 
search Council, 

F.  G.  CoTTRELL.  Chairman  of  the  Division  of  Chemistry  and  Chemical 
Technology.  National  Research  Council. 

George  E.  Hale.  Director  of  Mount  Wilson  Observatory. 

John  Johnston.  Sterling  Professor  of  Chemistry,  Yale  University. 

Elmer  P.  Kohler,  Professor  of  Chemistry,  Harvard  University. 

Robert  A.  Millikan.  Director  of  the  Norman  Bridge  Physical  Labora- 
tory, California  Institute  of  Technology. 

Augustus  Trowbridge.  Professor  of  Physics.  Princeton  University. 

The  present  National  Research  Fellows  are  grouped  under 
their  various  fields  of  research,  with  their  specific  problem  and 
location,  indicated  on  page  566. 

The  following  group  comprises  the  fellowships  granted  by  the 
Board  which  have  expired: 


Thermoelectricity      and     Metallic 

Conduction  A.  E.  Caswell 

Measurement  of  the  Intensity    of 

Reflected  X-Rays  R.  A.  Patterson 

Effect  of  Magnetization  of  Iron  on 
Its  Absorption  of  Monochro- 
matic X-Rays  and  P-Rays  A.  H.  Compton 

Catalysis  in  Homogeneous  Sys- 
tems with  Special  Reference  to 
the  Catalytic  Activity  of  the 
Hydrogen  Ion  in  the  Hydroly- 
sis of  Sucrose 

Study  of  Specific  Heats  and  Other 
Properties  of  Substances  at  Low 
Temperatures 

A  Study  of  the  Adsorption  of  Va 
pors  on  Glass  and  Quartz  at 
Various  Pressures  and  Tempera- 
tures 


Princeton 

University 
Harvard 

University 

University  of  Cam- 
bridge (England) 


Columbia 
Warren  C.  Vosburgh       University 


W.  H.  Rodebush 


E.  K.  Carver 


University  of 
California 


Harvard 
University 

W.  E.  TiSDALE 


National  Research  Council 
Washington,  D.  C. 


Society  of  Industrial  and  Micrographic 
Photography 

On  May  10,  the  Society  of  Industrial  and  Micrographic 
Photogiaphy  was  organized  at  the  Chemists'  Club  in  New  York. 
The  importance  of  photography  in  industry  is  not  realized  by 
most  people,  and  it  is  the  purpose  of  the  Society  to  emphasize 
the  importance  of  the  art  and  to  assist  in  its  development.  A 
further  meeting  to  discuss  and  ratify  the  constitution  and  by- 
laws will  be  held  June  14  at  the  Chemists'  Club.  In  the  interim 
the  following  serve  as  an  executive  committee  charged  with  pre- 
paring the  constitution: 

Fresidevt:    James  McDowell,  Sharp  and  Hamilton  Manufacturing  Co.. 

Boston. 
Secretary  and  Treasurer:  Thomas  J.  Keenan,  Editor  of  Paper,  New  York. 
Vice  Presidents:  J.  H.  Grakp.  Brown  Company,  Berlin.  N.  H.;  Bennett 

Grotta,  Atlas  Powder  Co. 


Petroleum  Section,  A.  C.  S. 

The  Tctrolcum  Section  of  tlie  A.  C.  S.,  in  its  campaign  for 
the  promotion  of  research  on  petroleum  chemistry,  desires  the 
cooperation  of  every  person  interested,  and  therefore  requests 
that  all  members  interested  in  petroleum  chemistry  and  tech- 
nology write  their  names,  addresses,  and  business  connections 
on  postcards  and  forward  them  to  W.  A.  Gruse,  Secretary,  Mellon 
Institute,  rittsl)Urgh,  Pa. 


Meeting  of  the  American  Electrochemical 
Society,  Baltimore,  April  27,  28,  and  29,  1922 

The  41st  General  Meeting  of  the  American  Electrochemical 
Society  at  Baltimore  was  one  of  the  most  interesting  and  attrac- 
tive in  the  history  of  the  Society.  The  attendance  was  beyond 
all  expectations  and  the  program  covered  every  variety  of  taste. 

Electric  Cast   Iron 

The  outstanding  feature  of  the  technical  program  was  the 
Symposium  on  Electric  Cast  Iron  in  which  about  thirty  members 
participated.  Mr.  George  K.  Elliott  of  the  Lunkenheiraer 
Company  outlined  some  of  the  more  important  problems  bearing 
on  the  production  of  cast  iron  in  the  electric  furnace.  The  cold 
charge  process  for  cast  iron  probably  never  will  acquire  more  than 
a  scattered  application,  and  the  greatest  possibilities  seem  to  lie 
with  the  duplexing  process.  This  process  apportions  refining  to 
the  electric  furnace,  and  therefore  the  most  logical  hearth  for  the 
electric  furnace  is  the  most  potently  refining  one,  in  other  words, 
the  basic  hearth.  The  electric  furnace  is  at  its  best  when  coupled 
with  a  chemical  laboratory  in  an  intimate  manner.  By  sampling 
the  molten  iron  as  soon  as  transferred  from  the  cupola  the  labora- 
tory can  determine  as  many  elements  as  desired,  and  the  proper 
additions  can  be  made  before  the  metal  is  ready  to  pour,  making 
possible  the  closest  regulation  of  the  composition.  The  most 
striking  reaction  taking  place  in  the  basic  electric  furnace  is  de- 
sulfurization.  Mr.  Elliott  discussed  this  phase  in  detail  and  also 
dwelt  upon  the  deoxidation  problem.  W.  E.  Moore  of  Pittsburgh 
outlined  the  History  of  Electric  Cast-Iron  Melting.  It  is  only 
since  1914  that  the  process  is  in  regular  operation.  Mr.  Moore 
believes  that  there  is  an  even  broader  field  for  the  electric  iron 
furnace  than  for  the  increasingly  popular  electric  steel  fiu-nace. 
Jas.  L.  Cawthon,  Jr.,  of  Pittsburgh,  commented  at  length  on  the 
individual  elements  C,  Si,  Mn.  S,  and  P  entering  into  the  com- 
position of  "Synthetic  Cast  Iron."  The  basic  process  provides 
facilities  for  reducing  S  and  P,  while  the  acid  process  is  lower  in 
cost  and  simpler  in  operation  and  the  slag  is  much  easier  to 
handle  in  casting  from  lip  pour  ladles  or  shanks.  Robert  Tiu-n- 
buU  of  the  U.  S.  Ferro  Alloys  Corporation  pointed  out  that  both 
open  top  smelting  type  furnaces  and  steel  furnaces  have  been 
used  in  the  manufacture  of  synthetic  iron.  The  open  top  type 
is  easier  to  operate  and  permits  a  higher  carbon  to  be  obtained 
in  the  finished  iron  than  with  the  steel  furnace.  The  smelting 
of  iron  ore  electrically  is  a  problem  that  will  eventually  have  to  be 
met,  as  a  day  will  come  when  coke  will  be  no  longer  available,  and 
as  it  becomes  scarcer,  an  ever-increasing  cost  in  this  commodity 
can  be  expected.  Dr.  Richard  Moldenke  related  in  detail  the 
new  developments  in  Germany  where  he  has  recently  visited 
important  steel  and  iron  mills.  Duplexing  of  cast  iron  is  carried 
out  at  a  number  of  mills  and  foundries.  Messrs.  Clyde  E. 
Williams  and  C.  E.  Sims  of  the  Bureau  of  Mines,  Seattle  Station, 
reported  upon  their  results  on  the  "Study  of  Carburization  in  the 
Manufacture  of  Synthetic  Cast  Iron."  Graphite,  because  of  its 
lower  ash  and  higher  density,  has  given  slightly  better  results 
than  any  of  the  other  forms  of  carbon.  Sulfur  probably  decreases 
the  rate  and  the  degree  of  carburization.  Phosphorus  has  no 
effect  upon  the  rate  or  the  degree  of  carburization;  similarly, 
silicon  has  no  effect.  Manganese  seems  to  increase  both  the  rate 
and  the  degree  of  carburization.  Messrs.  H.  M.  Williams  and 
T.  B.  Terry  of  the  General  Motors  Research  Corporation  are 
"Melting  Cast  Iron  in  the  Booth  Rotating  Electric  Furnace." 
They  find  that  this  popul.ar  brass  melting  furnace  is  .adaptable  to 
all  types  of  cast-iron  melting  where  refining  by  slagging  is  not 
required. 

W.  E.  Cahill  of  the  Alaska  Trcadwcll  Gold  Mining  Co.  sub- 
mitted figures  to  show  that  in  Trcadwcll  cast  iron  is  made  more 
cheaply  in  the  iliclric  furnace  than  in  the  cupola.  The  removal 
of  S  is  not  dependent  upon  carbon  in  the  steel,  but  upon  the  length 
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of  time  the  steel  is  held  under  a  carbide  slag.  R.  C.  Gosrow  of 
Buffalo  compared  the  "Shaft  and  Open  Top  Furnaces  in  the 
Manufacture  of  Pig  Iron  Electrically  from  Iron  Ore."  Mr. 
Gosrow  believes  that  with  large  units  of  7000-  to  10,000-kw. 
capacity,  the  open  top  furnace  will  be  the  practical  unit.  Messrs. 
Lyman  C.  Judson  and  Harry  P.  Martin  of  Niagara  Falls  gave  a 
brief  summary  of  all  publications  on  the  "Electric  Furnace  in  the 
Iron  Foundry"  that  have  appeared  within  recent  years. 

The  symposium  was  most  ably  conducted  by  Acheson  Smith, 
A.  T.  Hinckley,  and  Bradley  Stoughtou  who  alternated  in  pre- 
siding. Frank  Hodson  of  Philadelphia  suggested  that  the 
Electrothermic  Division,  under  whose  auspices  the  symposium 
had  been  held,  prepare  a  small  pamphlet  embodying  the  many 
valuable  points  brought  out.  The  discussion  lasted  all  of  Thurs- 
day morning  and  afternoon.  At  dinner  the  Electrothermic 
Council  met  to  discuss  future  plans. 

Other  Meetings 

Thursday  evening  the  members  were  invited  to  a  lecture  by 
Professor  R.  W.  Wood  of  Johns  Hopkins  on  "Fluorescence." 
Professor  Wood  performed  some  very  striking  experiments  and 
commented  upon  his  work  during  the  war  in  detecting  hidden 
messages  in  passports  and  the  development  of  his  special  green 
glass,  transparent  to  ultraviolet  rays  but  opaque  to  the  visible 
rays. 

Friday  morning  was  devoted  to  reading  of  papers  on  electrolytic 
subjects  by  W.  C.  Moore,  W.  B.  Jones,  E.  F.  Kern,  M.  Y.  Chang, 
R.  J.  McKay,  Helen  C.  GiUette  Weir,  O.  W.  Brown,  J.  C.  Warner, 
W.  G.  Allan,  and  E.  R.  Weaver.  In  opening  the  session  President 
Smith  presented  an  address  on  "The  Technical  Man  as  Citizen," 
emphasizing  the  grave  need  for  the  chemist  and  metallurgist  to 
participate  actively  in  the  affairs  of  the  state. 

For  Friday  afternoon  the  Steamer  Latrobe  had  been  chartered 
and  the  members  enjoyed  a  cruise  on  the  bay.  Two  stops  were 
made,  one  at  the  U.  S.  Industrial  Alcohol  Plant  and  the  other  at 
the  Davison  Chemical  Company's  plant.  At  the  latter  a  very 
instructive  demonstration  on  the  applications  of  Patrick's  silica 
gel  was  included. 

The  Smoker,  one  of  the  "snappiest"  ever  arranged  for,  was 
scheduled  for  Friday  evening.  Mr.  F.  M.  Boyles  and  his  asso- 
ciates on  the  committee  know  how  to  entertain.  One  of  the 
climaxes  during  the  course  of  the  evening  was  the  award  of  the 
Gerkin  &  Pickles  medal  to  H.  C.  Parmelee.  The  local  committee 
spared  no  effort  in  making  the  visit  of  the  electrochemists  as 
enjoyable  and  interesting  as  possible. 

Saturday  morning  was  devoted  to  the  reading  and  discussion  of 
papers  on  electrodeposition  and  miscellaneous  subjects.  The 
authors  who  contributed  were  Victor  F.  Hess,  Carl  Hering, 
Duncan  MacRae,  W.  E.  Hughes,  M.  R.  Thompson,  W.  G. 
Horsch,  T.  Fuwa,  and  U.  C.  Tainton.  The  discussions  were 
unusually  animated  and  prolonged. 

Dr.  Carl  Hering  was  elected  to  Honorary  Membership  in  the 
Society.  He  has  been  a  most  ardent  and  enthusiastic  member  of 
the  Society  from  the  very  start  and  his  scholarly  contributions 
have  gained  for  him  a  world-wide  reputation.  The  new  officers  of 
the  Society  are:  Dr.  C.  G.  Schluederberg,  President;  H.  C. 
Parmelee,  A.  H.  Hooker,  and  W.  S.  Landis,  Vice  Presidents; 
A.  T.  Hinckley,  W.  M.  Corse,  and  Wm.  Blum,  Managers;  F.  A. 
Lidbury,  Treasurer;  and  Colin  G.  Fink,  101  Park  Ave.,  New  York, 
Secretary.  The  fall  meeting  will  be  held  in  Montreal,  September 
21  to  23,  1922.  Two  of  the  main  subjects  scheduled  for  this 
meeting  are  "Industrial  Heating"  and  "Electro-osmosis." 


Calendar  of  Meetings 


Colin  G.  Fink,  Secretary 


American  Oil  Chemists'  Society — 13th  Annual   Meeting,  New- 
Orleans,  La.,  June  5  and  6,  1922. 
Institute  of  Metals  Division  of  A.  I.  M.  E. — Rochester,  N.  Y., 

June  5  to  9,  1922. 
National     Fertilizer    Association — •29th     Annual     Convention, 

White  Sulphur  Springs,  W.  Va.,  week  of  June  12,  1922. 
National  Lime  Association^.Vnnual    Convention,    Cleveland, 

Ohio,  June  14  to  16,  1922. 
American  Institute  of  Chemical  Engineers — 14th    Semiannual 

Meeting,  Niagara  Falls,  Ontario,  June  19  to  22,  1922. 
American  Leather  Chemists  Association — 19th  .\nnual  Meeting, 

Ontario,  Canada,  June  21  to  23,  1922. 
Alpha  Chi  Sigma  Fraternity — 7th  Biennial  Conclave,  St.  Louis, 

Mo.,  June  22  to  24,  1922. 
American  Association  for  the  Advancement  of   Science — ^Joint 

Meeting  with  Pacific  Division  of  the  Association,  Salt  Lake 

City,  Utah,  June  22  to  24,  1922. 
American  Society  for  Testing  Materials — 2.5th  Annual  Meeting 

Atlantic  City,  N.  J.,  June  25  to  July  1,  1922. 
American   Chemical   Society — 64th   Meeting,    Pittsburgh,    Pa., 

September  5  to  9,  1922. 
Eighth  National  Exposition  of  Chemical  Industries^New  York, 

N.  Y.,  September  11  to  16,  1922. 


Commercial  Engineering  Conference 

The  second  pubUc  Conference  on  Commercial  Engineering 
was  held  at  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa., 
on  May  first  and  second,  under  the  direction  of  the  Committee  on 
Commercial  Engineering  of  the  United  States  Bureau  of  Edu- 
cation. 

At  the  opening  session,  the  discussion  dealt  with  "Current 
Practices  in  Colleges  and  Universities  Relating  to  Business 
Training  for  Engineers  and  Engineering  Training  for  Business 
Men."  The  second  session  discussed  "Coordination  of  College 
Training  with  the  Industrial  Demand,"  and  the  third  treated 
"Civic  and  Social  Training  of  the  Engineer  and  Business  Man." 
The  final  session  was  devoted  to  group  conferences  on  the  same 
subjects. 

The  most  striking  thing  about  the  Conference  was  the  active 
interest  of  large  men  of  affairs  from  the  outside  world.  The 
discussions  became  so  energetic  that  every  meeting  went  far  past 
its  scheduled  time.  The  Conference  undoubtedly  brought  about 
a  feeling  of  closer  cooperation  between  outside  men  and  the  edu- 
cators. 

The  spirit  of  the  Conference  was  that  the  technical  man  must 
have  an  appreciation  of  business,  and  the  business  man  of 
technical  matters;  and  the  educator  should  know  enough  of 
both  properly  to  prepare  his  students  for  the  outside  world. 


Nbw  York,  N.  Y. 


WiUard  Gibbs  Medal 

The  WiUard  Gibbs  Medal  will  not  be  awarded  this  year. 


American  Institute  of  Chemical  Engineers 

The  14th  Semiannual  Meeting  of  the  American  Institute  of 
Chemical  Engineers  opens  at  Hotel  Clifton,  Niagara  Falls, 
Ontario,  on  Monday,  June  19,  1922. 

The  first  day's  program  includes  papers  on  the  concentration 
of  sulfuric  acid  and  nitric  acid  solutions.  Tuesday,  June  20, 
will  be  devoted  to  a  trip  to  Toronto  by  boat  from  Lewiston. 
On  Wednesday,  the  meetings  will  be  transferred  to  Hotel  Lafay- 
ette, Buffalo,  N.  Y.  They  will  deal  with  the  manufacture  of 
nitric  acid,  the  manufacture  of  hydrogen  and  nitrogen  for  syn- 
thetic ammonia  manufacture,  and  hydrochloric  acid  manufacture. 
The  afternoon  will  be  devoted  to  visits  to  manufacturing  plants 
in  Buffalo.  The  last  day  of  the  meeting,  Thursday,  June  22, 
will  be  spent  in  Niagara  Falls,  Ontario,  again.  Papers  will  treat 
of  the  production  of  hydrochloric  acid  and  of  phosphoric  acid. 
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Industrial  Division — Pittsburgh  Meeting 

The  Pittsburgh  Meeting  begins  September  the  fourth  and  ends 
on  the  ninth.  There  are  already  many  indications  that  this 
meeting  will  be  one  of  the  best  ever  held  by  the  Society. 

Members  who  are  planning  to  present  papers  before  the 
Industrial  and  Engineering  Division  should  prepare  abstracts 
at  the  earliest  possible  moment  and  send  them  to  the  Secretary. 
It  is  our  aim  to  send  out  copies  of  the  abstracts  to  the  members 
so  that  they  may  know  some  time  in  advance  of  the  meeting 
something  of  the  nature  of  the  papers  to  be  presented  and  thus 
be  in  a  better  position  to  take  part  in  the  discussion. 

There  will  be  a  symposium  upon  Automatic  Process  Control. 
Here  papers  dealing  with  the  fundamentals  underlying  the 
different  practical  methods  of  automatic  process  control  will  be 
given.  Industrial  and  university  workers  have  been  asked  to 
prepare  papers  for  this  feature  of  the  Division's  program.     Such 


a  symposium  cannot  help  but  be  of  vital  importance  to  industrial 
men. 

The  coming  of  summer  with  its  long-looked-for  vacation  periods 
necessitates  the  early  preparation  of  the  paper  and  abstract 
for  the  Pittsburgh  Meeting. 


Erle  M.  Billings,  Secretary 


E.ASTMAN  Kodak  Company 
Rochester,  N.  Y. 


The  following  have  been  appointed  as  the  official  delegates  of 
the  United  States  to  the  International  Chemical  Conference  at 
Lyons;  C.  L.  Parsons,  Chairman;  E.  W.  Washburn,  Vice  Chair- 
man and  Secretary,  R.  B.  Moore;  H.  S.  Washington;  Edward 
S.  Chapin;    and  Edward  Bartow. 


NOTES  AND  CORRESPONDENCE 


Calculation  of  Vapor  Pi-essures  of  Naphtha- 
lene, Anthracene,  Phenanthrene,  and 
Anthraquinone  by  Diihring's 
Relation 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

There  appeared  in  a  recent  issue  of  This  Journal  an  article 
entitled  "Vapor  Pressure  Determinations  on  Naphthalene, 
Anthracene,  Phenanthrene  and  Anthraquinone  between  Their 
Melting  and  Boiling  Points,"'  which  offers  some  new  and  valu- 
able data.  It  may  be  worth  while  to  point  out  in  this  connection 
that  such  data  for  a  great  variety  of  materials  can  be  calculated 
with  reasonable  accuracy  provided  only  two  points  on  the  vapor 
pressure  curve  are  known.  This  is  not  intended  to  detract  in  the 
slightest  from  the  article  referred  to,  but  to  bring  to  the  attention 
of  industrial  chemists  and  engineers  the  usefulness  of  a  simple 
vapor  pressure  relation  empirically  discovered  by  Diihring.* 
The  calculated  results  will  of  course  not  be  as  accurate  as  the 
experimentally  determined  ones,  but  are  sufficiently  accurate  for 
all  engineering  design  and  for  95  per  cent  of  the  cases  in  which 
industrial  chemists  would  make  use  of  them. 

This  relation  may  be  expressed  in  a  simple  mathematical  way 
as  follows: 

/'a  -  <a  =  K  (/'b  -  /b) 
where  I'a    =   any  temperature  of  the  substance  in  question. 

I'b  =  temperature  at  which  a  reference  substance  has 
the  same  vapor  pressure  as  the  substance  in 
question  has  at  /'a. 

<A  and  ta  =  any  other  temperatures  at  which  the  two 
substances  have  the  same  vapor  pressure. 

In  other  words,  t\  and  t'u  and  /a  and  tg  are  "corresponding" 
boiUng  points;  that  is,  the  boiling  point  of  substance  A  and 
substance  B,  respectively,  under  the  same  pressure.  From  the 
form  of  the  equation  it  is  at  once  apparent  that  there  is  a  linear 
relation  between  /'a  and  t's-  Consequently,  the  simplest  way  to 
use  this  relation  in  the  estimation  of  vapor  pressures  is  by  means 
of  a  plot  of  I'a  vs.  I'b-  In  general  the  substance  chosen  as  a 
standard  should  be  somewhat  related  to  the  substance  whose 
vapor  pressure  is  to  be  determined,  but  in  a  great  majority  of 
cases  water  is  satisfactory  and  by  far  the  most  convenient  because 


vapor  pressure  tables  of  water  are  readily  available.  Since  the 
relation  is  linear,  only  two  points  are  needed  to  determine  the 
whole  curve,  and  one  of  these  points  may  be  determined  by  the 
normal  boiUng  points  of  the  substance  and  water.  The  rule  for 
using  this  relation  may  then  be  stated  as  follows:  On  a  plot  of 
temperature  of  substance  vs.  temperature  of  water,  locate  the 
point  corresponding  to  the  normal  boiling  points  and  one  other 
point  at  which  the  two  have  the  same  vapor  pressure.  Draw  a 
straight  line  between  these  two  points.  From  this  straight  line 
read  off  the  temperature  of  water  corresponding  to  the  tempera- 
ture at  which  the  vapor  pressure  of  the  substance  is  desired.  The 
vapor  pressure  of  water  at  this  temperature  taken  from  a  table  is 
then  the  desired  vapor  pressure  of  the  substance. 

The  accompanying  plot  was  made  in  this  way  for  the  four  sub- 
stances shown.  The  normal  boiling  points  were  chosen  for  one 
point  in  each  case  and  the  lowest  temperatures  at  which  the 
vapor  pressures  were  determined  in  the  article  referred  to,  were 
chosen  for  the  other  points.  Consequently,  with  a  knowledge  of 
one  vapor  pressure  for  each  substance  in  the  neighborhood  of 
10  to  100  mm.  and  the  other  at  760  mm.,  we  can  interpolate  for 
all  vapor  pressures  between  or,  if  desired,  extrapolate  beyond 
these  limits.  Referring  to  the  plot,  the  outside  points  indicated 
on  each  curve  are  the  chosen  ones  and  the  indicated  points  be- 
tween are  observed  points.  To  illustrate  more  clearly  the  use 
of  the  relation,  consider  Curve  I,  for  anthraquinone.  If  the 
vapor  pressure  at  320°  C.  is  desired,  find  the  point  on  the 
scale  of  abscissas  corresponding  to  320°  on  the  scale  of  ordinates 
for  Curve  I.  This  is  about  69.8°  C.  Looking  up  the  vapor 
pressure  of  water  at  69.8°  C,  we  find  it  to  be  231.3  mm.,  which 


'  Nelson  and  Senseman,  This  Journal,  14  (1922),  .58. 

'  "Neue    Grundgcsetze   der  rattonellen  physik    und   chemie," 


1878. 


Leipzig, 
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is  the  desired  vapor  presstire  of  anthraquinone  at  320°  C.     The 
value  experimentally  determined  is  232.0  mm. 

In  Table  I  the  vapor  pressures  determined  from  Diihring's 
relation  (by  means  of  a  large-scale  plot)  are  compared  with  the 
observed  values  of  Nelson  and  Senseman. 


Jo     /*o  Ctr) 


(«! 


(I.S.SL) 


To  realize  that  these  are  very  good  checks,  it  is  necessary  only 
to  refer  to  Landolt-Bornstein  and  note  the  disagreement  between 
vapor  pressure  determinations  on  the  same  substance  by  dif- 
ferent observers.  Even  better  agreement  can  be  obtained  by 
choosing,  instead  of  two  extreme  points  over  the  range  desired, 
one  point  about  the  middle  of  the  range  and  the  normal  boiling 
point  as  the  other. 

There  are,  of  course,  other  vapor  pressure  relations,  one  of  the 
best  of  which  is  the  Ramsay- Young  equation.'  This  is  expressed 
mathematically  as  follows: 

|>  =  1^  +  C(T\  -  T.) 

where,  as  in  Diihring's  equation,  T'a  and  T'b  are  the  boiling 
points  of  two  substances  imder  one  and  the  same  pressure  and  T^ 
and  Tb  are  boiling  points  of  the  same  substances  under  another 
pressure  (the  same  for  both),  and  C  is  a  constant  to  be  evaluated 
from  known  values  of  the  boiling  points.  The  temperatures  are 
on  the  absolute  scale,  though  it  is  very  probable  that  a  similar 
relation  would  hold  for  centigrade  temperatures.  As  with 
Diihring's  relation,  the  constant  may  be  evaluated  when  the 
boiling  points  of  A  and  B  are  known  at  only  two  pressures,  one 
of  which  is  conveniently  chosen  as  760  mm.     Calling  the  ratio 

Ta 

—  =  R,  we  may  transform  the  equation  to: 

Tb 

T'b  (R  -  CTa) 


Ta  = 


1  -  CT'b 


Then  by  assigning  any  values  we  choose  to  T'b,  we  may  calcu- 
late the  boiling  point  T'a  of  the  reference  substance  just  as  with 
Diihring's   relation. 

«  Phil.  Mag..  (51  20  (1885).  515;   21  (1885),  33;  22  (1886),  37. 


There  are,  however,  one  or  two  very  important  differences 
between  the  two  equations  from  a  practical  standpoint.  Diih- 
ring's equation  is  a  linear  one,  whereas  the  Ramsay- Young  equa- 
tion is  of  the  second  degree.  This  difference  is  not  appreciable  if 
one  wishes  merely  to  calculate  the  vapor  pressure  of  a  substance 
at  one  or  two  temperatures,  but  if  one  wishes  to  obtain  vapor 
pressures  over  a  range  of  temperatures,  Diihring's  equation  is 
much  the  simpler  to  use.  As  shown  above,  by  Diihring's  rela- 
tion the  whole  vapor  pressure  curve  over  a  wide  range  can  be 
located  in  a  few  moments  merely  by  locating  two  points  and 
drawing  a  straight  line  between  them.  With  the  Ramsay- 
Young  equation  it  would  be  necessary  to  calculate  a  number  of 
points  and  plot  them.  Furthermore,  Diihring's  relation  can  be 
stated  as  a  rule  in  a  very  simple  way  which  is  easy  to  remember, 
so  that  one  can  make  use  of  it  without  having  to  refer  to  a  text- 
book to  determine  the  form  of  the  equation. 

On  the  other  hand,  the  Ramsay- Young  equation  is  more  ac- 
curate than  Diihring's  equation.  This  is  shown  by  Table  II, 
which  compares  the  vapor  pressures  of  phenanthrene  calculated 
by  the  two  equations. 


TABI.E    II 

.. Vapor  Prrssurb- 

by 
Temp.  Observed        Ramsay-Voung  Equation 

°  C.  Mm.  Mm. 

240  79.0  77.5 

260  135.5  132.5 

280  220.0  216.6 

300  343.7  339.4 

320  518.8  515.6 

330  629.4  627.8 


by 

Duhnng  Equation 

Mm. 


77.1 
130.5 
213.8 
335.2 
511.7 
624.4 


In  general,  the  difference  in  accuracy  is  not  great  enough  to 
warrant  the  use  of  the  more  complicated  equation,  especially 
when  one  remembers  that  the  accuracy  of  the  results  also  depends 
on  the  accuracy  with  which  the  vapor  pressures  at  the  two  chosen 
goints  are  known. 

Barnett  F.  Dodgb 
Harvard  University 
Cambridge,  Mass. 
February  25,  1922 


Selling  the  Industry  to  the  Chemists 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

An  industrial  editor  has  a  splendid  opportunity  to  be  of 
unusual  service  to  chemists,  especially  of  the  younger  generation, 
by  selling  the  industry  to  the  chemist  rather  than  chemistry  ta 
the  industry. 

Too  many  graduates  in  chemistry  leave  school  to-day  with  a 
fatal  misconception  of  the  mental  state  of  industrial  leaders. 
They  get  to  look  upon  industries  such  as  ours  as  living  in  the 
dark  ages  and  developing  by  rule-of-thumb  or  haphazard  meth- 
ods, while,  with  their  training  in  chemistry,  they  hold  a  sort  of 
Aladdin's  lamp  capable  of  revolutionizing  the  industry.  Allow- 
ing such  a  false  notion  to  grip  the  mind  of  a  student  is  probably 
one  of  the  worst  crimes  of  modern  systems  of  education,  for  the 
result,  so  far  as  the  student's  career  is  concerned,  is  often  fatal. 

The  great  success  of  a  certain  class  of  tanners,  for  example, 
has  been  due  to  the  development  of  a  science  of  leather  man- 
ufacture, as  distinct  from  the  art,  based  upon  a  belief  in  the  con- 
stancy of  natiu-al  laws  and  involving  the  organization  and  classi- 
fication of  countless  facts  gained  by  experience  or  handed  down 
from  previous  generations.  This  science,  because  of  its  high 
degree  of  specialization,  has  proved  more  powerful  in  a  practical 
way  than  chemistry,  so  much  so  that  chemistry  must  stiil  be 
regarded  as  of  value  primarily  in  supplementing  and  not  replac- 
ing the  science  of  the  tatmer.  Disillusionment  has  been  common 
among  chemists  entering  this  industry,  as  the  result  ot  the 
imexpected  intricacy  of  the  application  of  chemistry  to  leather 
manufacture,  of  insufficient  training,  of  false  notions  of  superior- 
ity over  artisans  who  had  devoted  their  lives  to  the  industry,  or 
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of  failure  to  appreciate  that  tiie  tanner's  own  science  is  usually 
far  more  reliable  than  the  chemistry  of  a  beginner  in  the  industry. 

After  his  first  glimpse  of  the  tannery,  the  chemist  is  apt  to 
look  upon  the  tanner  as  an  old  fogey.  After  the  first  dozen  at- 
tempts at  improving  the  processes  through  chemistry,  the  chem- 
ist usually  looks  to  the  tanner  like  an  amateur  fourflusher.  At 
this  juncture,  the  chemist  often  gets  relegated  to  a  cubby  hole 
where  he  can  do  no  harm  to  the  process  or  is  elected  to  the 
"once-worked-heres. " 

In  order  to  make  substantial  progress,  the  chemist  must,  as  a 
rule,  devote  himself  completely  to  a  study  and  explanation  of  the 
mechanism  of  each  step  of  a  successful  process,  without  in  any 
way  interfering  with  the  process.  Once  available,  sound  expla- 
nations of  the  mechanism  of  existing  processes  are  of  incalculable 
value  in  suggesting  practical  experiments  leading  to  the  elimi- 
nation of  unnecessary  operations  and  to  the  improvement  and  de- 
velopment of  others.  That  this  procedure  has  not  been  more 
■widely  adopted  is  easily  explained.  Long  and  costly  studies  are 
required  for  which  there  is  no  immediate  return,  and  whether 
there  will  ever  be  a  return  commensurate  with  the  cost  of  the 
studies  must  depend  upon  the  skill  of  the  chemist,  which  it  is 
difficult  for  the  tanner  to  judge.  Moreover,  the  qualifications 
required  of  the  chemist  are  extremely  severe.  He  must  have  a 
broad,  theoretical  training,  marked  ability  to  advance  the  pure 
science,  and  great  skill  in  adapting  delicate  apparatus  to  crude, 
tannery  conditions.  On  the  other  hand,  previous  contact  with 
the  industry  is  quite  unnecessary. 

I  presume  this  must  be  true  for  most  complex  industries. 
What  is  the  use  of  trying  to  sell  chemistry  to  industry  unless 
employer  and  chemist  understand  each  other,  and  that  their  task 
is  purely  a  cooperative  one  and  hopeless  unless  the  chemist  is 
a  real  chemist  of  a  high  order?  When  the  university  and  indus- 
try really  begin  to  understand  each  other's  needs,  potentialities, 
and  limits,  they  are  bound  to  cooperate  more  extensively  and  to 
their  mutual  benefit.  The  readefs  of  our  Journals  are  chemists, 
and  the  task  of  an  industrial  editor  would  therefore  be  to  present 
the  industry  in  its  true  light  to  the  chemists  who  do  not  have  an 
intimate  contact  with  industry  and  are  not  aware  that  many  suc- 
cessful industrial  men,  though  less  well  known,  are  on  a  mental 
par  with  many  of  our  great  scientific  leaders. 


John  Arthur  Wilson 


203  JhnBad  Ays. 

Mn.WAUKEB,  Wis. 

AprU  3,  1922 


American-Made  Glassware 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  editorial  "Our  Viewpoint,"  in  the  March  issue  of  This 
Journal,  leads  me  to  believe  that  our  experience  at  Grove  City 
College  may  be  of  interest  in  the  case  for  American-made  appara- 
tus. 

Last  year  we  supplied  four  Pyrex  beakers  to  each  of  ten  stu- 
dents in  a  course  in  quantitative  analysis  which  ran  twenty-four 
weeks.  At  the  end  of  about  150  hours  of  laboratory  work  per 
student,  thirty-nine  beakers  were  returned  to  the  stockroom. 
In  previous  years  even  with  Jena  glass,  two  to  five  beakers  were 
broken  by  each  student  in  the  same  course.  The  breaking  of 
one  beaker  instead  of  a  minimum  of  twenty  is  a  striking  argument 
-for  American  glass.  Our  experience  with  other  articles  and  with 
American  porcelain  in  this  and  other  courses  is  equally  as  favora- 
ble. 

The  original  investment  per  student  will  be  somewhat  higher 
when  he  is  furnished  with  American  supplies  than  when  he  is 
'furnished  with  imported  glass  and  porcelain.  The  cost  of  up- 
keep of  stock  and  the  breakage  per  student  is  certainly  much 
Uower.     The  lower  breakage  results  in  better  work  done  in  shorter 


time,  as  the  loss  of  experiments  due  to  broken  apparatus  is  much 
less. 

As  to  more  special  apparatus,  the  shorter  time  for  delivery  is 
important.  Repairs  or  replacement  of  parts  can  be  made  more 
quickly  in  case  of  American  apparatus,  while  repair  of  foreign 
apparatus  is  frequently  impossible  or,  at  least,  extremely  slow. 
If  apparatus  is  bought  with  a  view  to  continuity  and  dependa- 
bility of  service  and  not  to  fill  museum  shelves,  the  thoiightfut, 
careful  buyer  must  invariably  decide  in  favor  of  the  American 
product. 

Yours  for  American  supplies  because  of  dependability  and 
lower  ultimate  or  net  cost,  to  say  nothing  of  the  patriotic  pride 
in  articles  of  the  very  highest  grade. 

O.  J.  SlEPLBiN 
Grove  Cixy  College 
Grove  City,  Pa. 
April  7,  1922 


The  Value  of  Graduate  Training 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Yesterday  I  had  occasion  to  go  over  the  records  of  the  students 
who  have  received  graduate  degrees  from  the  department  of 
Chemical  Engineering  at  Columbia.  Part  of  these  men  have 
received  the  degree  of  Chemical  Engineer,  and  part  Doctor  of 
Philosophy,  each  representing  on  an  average  three  years  of 
graduate  work.     The  total  number  approximates  100. 

At  present  there  are  two  of  these  men  who  do  not  have  posi- 
tions. One  is  traveling  in  Europe  and  the  other,  a  man  of  the 
class  of  1920,  has  received  several  offers  but  insists  on  staying  in 
New  York  and  has  declined  to  consider  openings  away  from  here. 
He  has  been  out  of  work  for  several  months.  Of  course,  a  num- 
ber of  men  have  lost  their  positions  and  been  out  of  work  during 
this  depression,  but  in  each  case  they  have  later  found  posi- 
tions along  their  line. 

This  is,  in  my  mind,  an  excellent  example  of  the  value  of  ad- 
vanced training  in  the  field  of  applied  chemistry.  There  are  hun- 
dreds of  men  who  have  had  only  collegiate  training  who  lack 
positions,  but  the  men  who  have  had  graduate  training  are 
apparently  held  onto  and  sought  by  the  industries.  The  indus- 
trial chemical  field  of  the  present  and  the  future  is  in  the  hands 
of  the  man  who  has  had  graduate  training  in  addition  to  college 
training. 

Ralph  H.  McKeb 

Columbia  XJniversity 

New  York,  N.  Y. 

March  31,  1922 


Heat  Transfer.    I— Condensing  Vapors 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Inquiry  has  been  made  as  to  the  details  concerning  the  method 
of  using  base  metal  thermocouples  in  the  determining  tempera- 
ture of  metal  tubing.     [See  Tins  Journal,  14  (1922),  13.] 

Two  wires  of  dissimilar  metals  were  treated  with  borax  flux 
on  the  tips  and  fused  together  for  a  very  short  distance,  possibly 
'/a  in.  The  thermocouple  so  formed  was  polished  until  bright, 
inserted  in  a  narrow  groove  about  'A  in.  long  in  the  outer  surface 
of  the  metal  tube,  and  soldered  flush. 

The  couples  were  caUbrated  in  place  by  filling  the  apparatus 
with  warm  water  at  the  same  temperature  on  both  sides  of  the 
tube. 

The  couple  obviously  indicates  the  temperature  of  the  outer 
surface  of  the  tube. 


Massachusetts  Institute  or  Technology 
CAMBKtnoE,  Mass. 
April  16,  1922 


W.  H.  McAdams 
T.  H.  Frost 
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Wool  Scouring  Wastes  for  Fertilizer  Purposes 

(Correction) 
In  my  article  under  the  above  title  [This  Journal,  14  (1922), 
434]  attention  is  called  to  the  following  error: 

2nd  col.,  2nd  para.,  4th  line,  reading  "degreased  waste  contains  24.5  per 
cent  KaO,  24.5  per  cent  nitrogen,  etc  ,"  should  be  corrected  to  read  "de- 
greased  waste  contains  24.5  per  cent  KiO,  2.5  per  cent  nitrogen." 

F.  P.  Veitch 

WASraNGTON,    D.    C. 

May  4,  1922 


Report  of  Committee  on  Occupational 
Diseases  in  the  Chemical  Trades 

(Correction) 
In  the  Report  on  page  456  of  the  May  issue  of  This  Journai, 

2Dd  para.,  lines  2  and  3,  delete  "and  industries;"  6th  para.,  line  5,  for 
"trained"  read  "engaged." 

Lewis  W.  Fetzer,  Chairman 

University  op  Dauias 

Dallas,  Texas 

May  9,  1922 


LONDON   LETTER 


By  Hugh  Griffiths,   15  New  Bridge  St.,  London,  E.  C.  4,  England 


Key  Indu-stries  Bill 

As  was  expected,  the  interpretation  of  the  Key  Industries  Bill 
is  giving  rise  to  discussion.  Various  appeals  have  been  heard, 
the  most  interesting  being  that  in  connection  with  cream  of 
tartar,  tartaric  acid,  and  citric  acid.  The  decision  turned  on  the 
interpretation  of  the  expression  "iine  chemical"  and  the  Referee 
in  giving  his  decision  litat  these  substances  could  not  be  con- 
sidered as  fine  chemicals,  and  should  therefore  be  excluded  from 
the  Act,  stated  that  he  had  found  that  there  is  no  commonly 
accepted  definition  of  a  fine  chemical,  and  he  could  only  be  guided 
by  trade  usage.  Lactose  "R"  has  also  been  excluded  from  the 
list. 

A  most  interesting  application  was  made  by  the  agents  of  an 
American  firm,  to  have  mucic  acid  removed  from  the  list,  men- 
tion being  made  of  a  new  process  for  producing  this  substance 
in  large  quantities  as  a  substitute  for  cream  of  tartar.  This 
appeal  was  dismissed  on  the  ground  that  mucic  acid  had  to  be 
considered  as  a  fine  chemical  at  the  date  of  passing  the  Act. 

Applications  have  also  been  made  to  have  calcium  carbide  and 
liquid  sulfur  dioxide  included  in  the  list.  These  applications 
were  also  dismissed,  although  a  mass  of  evidence  was  collected 
and  given  by  eminent  scientists  in  support  of  the  former  applica- 
tion. At  the  time  of  writing,  synthetic  camphor  and  pinene  are 
under  consideration,  an  application  having  been  made  to  have 
these  removed  from  the  list.  In  spite  of  the  elaborate  provisions 
of  this  Act,  there  is  but  little  sign  of  revival  in  the  chemical  trade, 
and  there  is  an  increasing  tendency  to  avoid  new  developments 
of  any  kind. 

Synthetic  Ammonia 

Of  all  the  developments  in  chemical  industry  which  must  be 
considered  as  of  national  importance,  those  concerning  the  fixa- 
tion of  atmospheric  nitrogen  are  the  most  essential.  It  is  some- 
what disturbing,  therefore,  to  hear  rumors  that  none  of  the 
schemes  for  the  manufactiu-e  of  .synthetic  ammonia  are  really 
being  pushed  forward.  There  is  a  very  persistent  rumor  that  all 
constructional  work  on  these  plants  has  been  stopped.  If  this 
rumor  be  true,  the  sympathy  of  every  technical  man  will  be  ex- 
tended to  those  who  have  done  so  much  to  the  development 
of  these  processes  in  this  coimtry.  It  is  generally  felt  that  money 
which  is  being  found  and  spent  in  other  directions  might  well  be 
devoted  to  this  work,  and  it  is  hoped  that  government  support 
will  be  forthcoming. 

Sodium  Silicate 

In  the  March  letter,  a  reference  was  made  to  a  new  method 
of  manufacturing  sodium  silicate.  There  are  several  methods 
having  the  same  object.  The  object  of  these  methods  is  to  con- 
vert the  difiicultly  soluble  fusion  mass  into  a  form  of  solid  sodium 
silicate  which  can  be  dissolved  readily  without  the  use  of  large 
quantities  of  water,  and  without  the  use  of  pressure  vessels. 
Most  of  these  methods  are  the  subjects  of  patents.  Not  only  do 
these  methods  serve  entirely  to  cut  out  the  evaporation  process, 
but  they  yield  solid  silicates,  both  of  neutral  and  alkaline  con- 
stitution, which  can  be  transported  in  the  solid  form  and  dis- 
solved by  the  user  as  required;  the  saving  in  transport  charges 
being  considerable. 


Evaporating  Plants 

Considerable  interest  is  being  shown  in  the  various  evaporating 
plants  which  operate  on  the  principle  of  the  reversed  heat  engine. 
This  principle  as  applied  to  technical  evaporation  is  by  no  means 
new,  and  suggested  methods  date  back  almost  as  far  as  the 
multiple  effect  plant.  There  are  now  on  the  market  plants 
according  to  several  different  systems,  and  an  English  company 
has  been  established  to  handle  one  type  of  installation,  i.  e.,  the 
Prache  and  Bouillon  system. 

Up  to  the  present  the  nimiber  of  these  plants  in  use  in  this 
country  is  not  very  large,  but  an  evaporator  according  to  this 
system,  of  considerable  size,  is  in  use  in  a  glue  works  in  the  north 
of  England,  and  certain  power  stations  are  installing  water  distil- 
ling plants  at  the  present  time  according  to  the  same  principle. 

The  deluge  of  patent  applications  from  abroad  relating  to 
"thermo-compression"  is  very  .significant,  and,  coupled  with  the 
fact  that  the  makers  of  these  plants  will  now  give  satisfactory 
guarantees  as  to  steam  or  energy  consumption,  these  plants  have 
to  be  considered  as  definite  competitors  against  the  multiple 
effect  apparatus. 

Some  firms  will  guarantee  the  same  steam  economy  in  a  single 
vessel  working  at  ordinary  atmospheric  pressure  as  can  be  ob- 
tained with  a  triple  effect;  there  should  therefore  be  some  pros- 
pect that  recompression  evaporators  will  be  able  to  enter  the 
field  at  very  competitive  prices,  but  at  the  present  time  they  are 
somewhat  expensive,  and,  for  the  same  performance,  higher  in 
price  than  multiple  effect  plants. 

Neutral  Sulfate  of  Ammonia 

The  manufacture  of  sulfate  of  ammonia  is  at  last  being  defi- 
nitely subjected  to  radical  changes.  Manufacturers  have  gone 
considerably  out  of  their  way  to  educate  the  consumer  against 
the  ordinary  quality  of  sulfate.  It  is  definitely  recognized  that 
a  neutral  sulfate  in  a  sandy  dry  form  would  possess  many  advan- 
tages in  practical  use,  and  the  consumers  are  now  begiiming  to 
show  interest  and  are  looking  for  this  material  instead  of  the 
ordinary  quality.  The  inevitable  discussion  has  arisen  as  to  the 
best  method  of  manufacturing  this  neutral  sulfate,  and  nurnerous 
patents  have  been  taken  out  to  protect  modifications  in  the 
processes,  neutralization  by  ammonia  gas,  ammoniacal  liquor, 
or  alkaline  salts  being  proposed  and  effected  in  many  different 
ways. 

It  is  apparent,  however,  that  the  manufacturers  are  not  quite 
so  pleased  with  themselves  now  that  they  have  to  produce  this 
material  commercially,  particularly  as  most  of  them  find  it 
necessary  to  instal  new  plant. 

Most  of  the  troubles  manufacturers  have  had  seem  to  be  due  to 
their  reluctance  to  spend  money  on  new  plant  at  a  time  when 
business  is  not  bright. 

There  does  not  appear  to  be  the  slightest  technical  difficulty  in 
making  neutral  sulfate  of  ammonia,  and  it  is  generally  expected 
that  in  course  of  time  all  sulfate  will  be  delivered  in  the  neutral 
form,  and  the  time  will  come  when  the  consumer  who  will  pur- 
chase the  ordinary  quality  of  sulfate  will  be  forgotten. 

April  13,  1922 
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WASHINGTON  NOTES 


Tariff 

The  opening  gun,  so  far  as  the  chemical  world  is  concerned, 
was  fired  on  May  2,  when  the  first  vote  on  the  chemical  schedule  of 
the  Tariff  Bill  was  taken.  Senate  leaders  are  making  every  effort 
to  keep  the  tariff  before  the  Senate  for  a  maximum  number  of 
hours  each  day,  and  in  order  to  accomplish  this  the  Senate  is 
meeting  an  hour  earlier  and  is  holding  night  sessions.  Senator 
King  is  continuing  the  vitriolic  attacks  on  the  dye  and  chemical 
schedule  which   he  made  before  the  Shortridge   subcommittee. 

Dye  Investigation 

The  hearings  which  were  begun  on  February  20  by  the 
Senate  subcommittee  appointed  to  investigate  the  dye  industry 
were  officially  closed  on  May  16.  The  subcommittee  is  at 
work  on  its  report,  which  will  probably  be  in  the  hands  of  the 
full  committee  before  This  Journal  issues.  It  is  confiden- 
tially believed  that  the  report  will  state  that  the  dye  and  chemical 
industries  have  proved  conclusively  that  no  monopoly  exists 
and  that  the  report  will  further  recommend  that  these  industries 
be  given  an  unusual  degree  of  protection. 

Patent  Convention 

The  patent  convention  with  Germany  has  been  revived,  ef- 
fective Alay  8.  This  action  was  taken  by  Secretary  Hughes  with 
the  understanding  that  if  legislation  such  as  is  outlined  in  the 
Stanley  Bill  now  pending  before  Congress  is  enacted,  the  revived 
treaty  can  be  denounced  and  modification  obtained. 

The  Senate  Committee  on  Patents  has  also  conducted  hearings 
relative  to  the  compulsory  working  of  patents.  Such  violent 
opposition  to  the  Stanley  Bill  has  developed  that  a  substitute 
measiu'e  has  been  proposed  which  provides  that  two  years  after 
the  issuance  of  any  patent,  if  it  be  shown  that  the  invention  is 
being  worked  in  a  foreign  country,  the  United  States  Court  of 
Appeals  may  issue  a  license  making  it  possible  to  manufacture 
under  the  patent.  The  substitute  measure  has  the  approval  of 
Senator  Stanley. 

Muscle  Shoals 

The  subcommittee  of  the  House  Committee  on  Military  Af- 
fairs has  submitted  its  report  to  the  full  committee.  The  out- 
standing features  of  the  report  are  that  all  of  the  offers  should 
include  a  definite  contract  for  the  manufacture  and  sale  of  fer- 
tilizer, the  exact  quantity  to  be  specified,  and  that  no  offer  should 
be  considered  which  does  not  include  the  entire  property. 

The  Senate  Committee  on  Agriculture  is  continuing  its  hear- 
ings. Senator  Norris,  chairman  of  this  committee,  is  very 
strongly  of  the  opinion  that  the  Government  should  handle  this 
stupendous  project  itself  and  that  none  of  the  offers  submitted 
should  be  accepted. 

Publication  Resumed 

Under  the  authorization  contained  in  the  Senate  Joint  Reso- 
lution No.  1.32,  signed  by  the  President  on  May  11,  the  publica- 
tion of  the  Journal  of  Agricultural  Research  will  be  resumed,  be- 
ginning with  Vol.  22,  No.  10,  to  be  dated  December  23,  1921. 
All  manuscripts  which  were  previously  accepted  for  publication 
but  which  were  returned  to  the  authors  when  publication  was 
discontinued,  will  be  printed  if  resubmitted. 

Agricultural  Appropriations 

The  Agricultural  Appropriation  Bill,  as  signed  by  the  President 
on  May  11,  provides  that  dining  the  fiscal  year  1923,  not  more 
than  three  scientific  investigators  or  other  employees  may  be  paid 
up  to  $6,500  per  annum,  that  eight  may  be  jiaid  up  to  l.'iSOO  per 
annum  and  that  the  general  maximum  for  others  shall  be  $5000 
per  anniun.  The  present  maximum  salary  that  may  be  paid 
from  any  lump  fund  appropriation  is  $45(X), 

The  Bureau  of  Chemistry  receives  an  increase  of  $.5000  for 
the  purpose  of  conducting  experimental  work  on  cassina,  and  an 
increase  of  $5000  to  extend  its  investigations  on  cane  sirup. 

Creation  op  Division  of  War  Minerals  Supply 

Ivflcctive  May  1,  a  Division  of  War  Minerals  Sujjply  was  es- 
tablished in  the  Bureau  of  Mines.  The  new  division  has  charge 
of  matters  relating  to  the  supply  of  strategic  minerals  involved 


in  war  jilans  of  the  Government,  the  maintenance  of  a  proper 
balance  of  trade  among  the  mineral  industries  of  the  nation, 
and  such  related  duties  as  may  from  time  to  time  be  assigned  to 
It.  H.  S.  MuUiken,  who  has  for  some  time  acted  as  special  as- 
sistant to  the  Director  of  the  Bureau,  has  been  given  charge  of 
the  work  of  this  division.  The  new  division  will,  in  cooperation 
with  the  Bureau  of  Foreign  and  Domestic  Commerce,  represent 
the  Government  in  price  studies  of  the  nonferrous  metals.  Its 
work  will  be  reflected  in  the  weekly  quotations  published  by  the 
Engineering  and  Mining  Journal-Press  of  New  York,  and  will, 
for  the  present,  relate  particularly  to  the  metals  of  major  im- 
portance. 

Food  Standards  Committee 

The  twenty-second  meeting  of  the  Joint  Committee  on  Defini- 
tions and  Standards  will  be  held  in  the  Bureau  of  Chemistry, 
June  19  to  23.  The  new  business  to  be  considered  will  be  sched- 
ules for  flour,  ground  mustard,  and  mustard  flour,  and  a  recon- 
sideration of  the  macaroni  standards. 

Meeting  of  Association  of  Scientific  Apparatus  Makers 

The  Association  of  Scientific  Apparatus  Makers  of  the  United 
.States  of  America  met  at  the  Bureau  of  Standards  April  21,  1922. 
The  Committee  on  Standardization  of  Chemical  Apparatus  met 
April  20  and  discussed  details  of  elimination  of  sizes  and  shapes 
of  apparatus.  The  committee  has  been  cooperating  closely  with 
the  Committee  on  Guaranteed  Reagents  and  Standard  Appara- 
tus of  the  American  Chemical  Society  and  is  planning  to 
continue  work  on  standardization  of  dimensions  now  that  the 
general  field  of  elimination  has  been  covered.  The  meeting  of 
the  Section  of  Physics  and  Chemistry  was  devoted  largely  to 
discussion  of  the  report  of  the  Committee  on  Standardization  of 
Chemical  Apparatus  and  a  similar  report  from  a  committee  on 
standardization  of  physical  apparatus. 

Conference  on  Nonferrous  Alloys 

A  conference  of  the  Advisory  Committee  on  Nonferrous 
Alloys  of  the  Institute  of  Metals  Division  of  the  American  Min- 
ing and  Metallurgical  Engineers  with  representatives  of  the 
United  States  Bureau  of  Mines  was  held  at  the  Bureau  of  Mines, 
Washington,  D.  C,  April  25.  This  was  the  second  meeting 
held  for  the  purpose  of  developing  a  program  of  cooperation  be- 
tween the  nonferrous  metal  industries  and  the  Bureau  of  Mines, 
with  especial  reference  to  the  nonferrous  work  of  the  latter  or- 
ganization. The  conference  discussed  the  question  of  the 
functions  and  possibility  of  development  of  the  proposed  Alloys 
Research  Association,  now  known  as  the  Alloys  Research  Infor- 
mation Service.  The  feeling  was  that,  owing  to  the  depressed 
industrial  situation,  it  would  not  be  a  propitious  time  to  push 
the  matter. 

National  Research  Council  Appointments 

W.  M.  Corse  has  been  elected  chairman  of  the  Division  of 
Research  Extension,  with  W.  A.  Hamor  as  vice  chairman. 

E.  W.  Washburn  has  been  elected  chairman  of  the  Division 
of  Chemistry  and  Chemical  Technology  and  Charles  L.  Reese, 
vice  chairman,  effective  July  1 .  The  chief  project  of  the  Divi- 
sion will  be  the  editing  of  the  Critical  Tables  of  Physical  and 
Chemical  Constants.  Other  members  of  the  staff  will  be  an- 
nounced later. 

Interdepartmental  Conference  on  Chemical  Lime 

On  Wednesday,  May  17,  the  Interdepartmental  Conference 
on  Chemical  Lime  held  its  last  meeting  of  the  winter  and  reviewed 
its  year's  work.  This  conference,  composed  of  representatives  of 
each  interested  department,  is  preparing  specifications  for  the 
different  kinds  of  lime  used  as  chemical  reagents  in  various 
industries.  Two  of  these  specifications,  "Lime  for  Use  in  Cook- 
ing Rags  in  the  Manufacture  of  Paper,"  and  "(Juicklime,  Hy- 
drated  Lime  and  Limestone  for  Use  in  the  Manufacture  of 
Glass,"  have  been  published  as  Bureau  of  Standards  Circulars 
96  and  118,  respectively.  Others,  in  various  stages  of  com- 
pletion cover  the  quality  of  lime  used  in  causticizing,  water 
l)urification,  manufacture  of  sulfite  pulp,  depilation  of  hides, 
ceramics,  etc. 

May   15,   1922 
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PARIS  LETTER 


By  Charles  Lormand,  4  Arenue  de  I'Observatoire,  Paris,  France 


Dr.  Jacob  Lipman  of  the  New  Jersey  Agricultural  Experi- 
ment Station,  who  is  now  traveling  in  Europe,  delivered  two 
lectures  in  Paris:  the  first  before  the  Academie  d'Agriculture 
on  the  condition  of  agriculture  in  the  United  States,  the  other 
before  the  Societe  de  Chimie  Industrielle  on  the  fertilizer  in- 
dustry in  the  United  States.  After  the  lectures,  Dr.  Lipman 
answered  numerous  questions.  He  replied  with  exact  facts 
and  figures,  and  the  discussions  were  especially  interesting. 
Messrs.  Georges  Claude,  Matignon,  Etienne,  director  of  the 
Solvay  establishments,  and  Binder,  a  potash  manufactiu'er,  dis- 
cussed diverse  points  with  the  lecturer. 

As  for  nitrogenous  fertilizers,  cyanamide  seems  to  be  con- 
demned because  its  alkaline  dust  has  an  injurious  effect  on 
vegetation.  Cyanamide  factories  are  being  converted  for  the 
manufacture  of  cyanides  and  other  chemical  products  of  indus- 
trial importance.  In  France,  the  important  cyanamide  factory, 
which  was  established  at  Nanterre  during  the  war  and  was  con- 
trolled by  the  Service  de  Poudres,  has  been  released  and  has 
gone  back  to  the  manufacture  of  tobacco. 

The  ammonium  sulfate  industry  is  prospering  in  the  United 
States,  and  production  has  surpassed  consumption,  thus  making 
export  possible.  Although  neither  the  Claude  nor  the  Haber 
process  is  in  operation  in  the  United  States,  it  is  estimated  that 
when  these  processes  do  furnish  their  share  of  nitrogen  the 
organic  nitrogenous  matter  hitherto  employed  can  be  saved  for 
animal  foods. 

In  France,  in  spite  of  the  dissolution  of  the  Nitrogen  Company 
(Compagnie  I'Azote),  the  use  of  the  Haber  process  is  again 
planned.  In  the  Finance  Committee  of  the  Chamber  dis- 
cussion has  been  going  on  of  the  project  permitting  approval 
of  the  contract  dealing  with  the  manufacture  of  liquid  ammonia. 
This  contract,  entered  into  by  Mr.  Loucher,  minister  of  the 
Reconstitution  Industrielle,  and  the  Badische-AnUin,  had  for 
its  pm-pose  the  transfer  of  the  Haber  process.  An  important 
majority  of  the  Committee  seem  to  feel  that  the  Haber  process 
should  be  finally  established  at  the  Toulouse  powder  factory. 

Messrs.  Roux  and  Patard,  the  latter  director  general  of  pow- 
ders, have  shown  the  importance  of  om  nitrogen  requirements, 
and  the  Haber  process  can  assure  us  of  a  great  part  of  this, 
rapidly.  Besides,  Mr.  Patard  has  pointed  out  to  the  Societ^ 
des  Ingenieurs  Civils  characteristics  of  the  Haber  process  which 
seem  to  make  it  decidedly  superior  to  the  cyanamide  or  arc 
process  for  the  fixation  of  nitrogen.  For  one  thing,  the  hydrogen 
produced  by  this  process  can  be  used  for  other  purposes,  such  as 
the  hydrogenation  of  oils  and  hydrocarbons.  Attempts  are 
at  present  being  made  to  establish  in  France  factories  for  the 
production  of  hydrogenated  naphthalene,  as  a  substitute  for 
turpentine. 

In  Germany,  the  production  of  nitrogen  has  doubled  over 
what  it  was  in  1913.  It  has  now  reached  220,000  tons,  90,000 
tons  of  which  are  for  ammonia.  Ammonia  production  is  now 
150,000  tons. 

As  for  phosphoric  acid.  Dr.  Lipman's  audience  was  pleased 
to  hear  that  France  and  America  are  now  the  great  owners  of 
phosphate  mines:  the  Americans  with  the  Florida  phosphates 
and  the  deposits  discovered  in  Wyoming,  and  the  French  with 
their  deposits  in  Tunis,  Algeria,  and  Morocco. 

In  Germany  basic  slags  contribute  a  large  share  of  phosphoric 
acid.  This  supply  has  disappeared  since  the  war,  as  a  result 
of  the  peculiar  condition  in  the  Ruhr  valley.  Germany  is 
therefore  obliged  to  tiun  to  France  or  the  United  States  for 
her  phosphoric  acid.  This  is  especially  difficult  for  her  on  ac- 
count of  the  rate  of  exchange. 

Dr.  Lipman  expressed  the  hope  that  development  in  the 
production  of  phosphoric  acid  by  the  electric  furnace  would 
soon  be  successful.  The  ease  of  rendering  soluble  the  phos- 
phorus thus  obtained  would  make  possible  a  considerable  de- 
crease in  the  consiunption  of  sulfuric  acid. 

Finally,  we  learned  with  interest  that  the  efforts  made  in 
the  United  States  during  the  war,  to  secure  to  the  farmers  their 
minimum  potash  requirement,  are  being  continued.  In  spite 
of  this,  we  estimate  that  America  has  every  advantage  in  sup- 
plying herself  with  potash  in  the  European  market.  We  know 
that  in  France  we  can  furnish  the  American  market  in  competi- 
tion with  Germany. 


At  the  suggestion  of  Mr.  Binder,  the  meeting  passed  a  resolu- 
tion that  in  the  final  disposal  of  the  Alsatian  mines,  an  appeal 
be  made,  to  a  certain  extent,  to  American  capitalists.  By 
this  means  w'e  can  assure  ourselves  of  a  large  outlet  in  the  market. 

'The  total  1921  production  of  potash  was  902,126  tons,  almost 
tripling  that  of  1913. 

Evidently,  the  German  potash  mines  comprise  200  shafts, 
while  the  Alsatian  mines  comprise  only  17,  but  this  great  number 
of  shafts  seems  to  be  a  stumbling  block  for  the  German  industry 
which  will  make  it  difficult  to  struggle  with  Alsatian  potash. 
The  German  mines  cannot  now  work  with  a  full  yield.  There 
is  a  scattering  of  energy  and  workmanship  to  maintain  the 
mines  in  activity,  which  is  rather  detrimental. 

The  progress  in  the  sale  of  Alsatian  potash  in  the  first  three 
months  of  1921  was  46  per  cent,  while  that  of  the  German  potash 
reached  only  26  per  cent. 

All  who  attended  the  meetings  expressed  the  desire  that 
American  scientists  should  come  frequently  to  discuss  with  us- 
their  work  and  the  industrial  condition  of  their  country. 

Natural  and  Cultivated  Pearls 

The  French  pearl  market  is  greatly  disturbed  by  the  appear- 
ance of  a  great  number  of  cultivated  pearls  of  Japanese  origin. 
In  the  scientific  societies  there  has  been  much  discussion  of  the 
means  of  distinguishing  natural  from  cultivated  pearls.  Al- 
though the  two  kinds  are  identical  from  the  biological  point  of 
view,  they  do  not  possess  the  same  market  value. 

All  the  tests  so  far  proposed  have  given  imcertain  results. 
Mr.  Salibourg  seems  to  have  solved  the  problem  by  examining 
the  interior  of  the  pearl  microscopically  with  very  strong  illimii- 
nation.  The  pearl  always  has  an  orifice  for  the  piUT)ose  of  mount- 
ing. By  closing  this  orifice  and  placing  over  it  a  very  small 
metallic  mirror  consisting  of  a  tiny  globule  of  mercury  which 
functions  as  a  convex  mirror,  an  image,  and  consequently  a 
photograph,  can  be  obtained  of  the  cylindrical  axis  of  the  pearl 
through  the  orifice.  With  a  natural  pearl  a  homogeneous  circle 
is  obtained,  but  in  an  artificial  pearl  this  circle  bears  concentric 
striae,  corresponding  to  various  stages  of  its  enrichment  by 
culture. 

Index  op  Toxicity  op  Combustion  Gases 

The  ever-increasing  use  of  explosion  motors  and  generator 
gas  motors,  on  the  one  hand,  and  the  diversity  of  origin  of  the 
coal  now  consumed  in  France,  on  the  other,  have  led  hygienists, 
in  view  of  several  gas-poisoning  accidents,  to  study  the  combus- 
tion gases  produced  under  diverse  conditions. 

Mr.  Kohn-Abrest,  the  distinguished  director  of  the  toxico- 
logical  laboratory  of  the  city  of  Paris,  proposes  to  call  the  ratio. 
CO: CO2  the  "index  of  toxicity."  He  determines  carbon  monox- 
ide by  absorption  in  blood,  and  carbon  dioxide  by  transformation 
to  barium  carbonate. 

The  index  of  toxicity  is  very  high  in  combustion  products 
from  explosion  motors.  It  araoimts  to  1.40  to  2.09.  In  the 
products  of  the  combustion  of  coal  the  index  varies  enonnously 
with  the  nature  of  the  supporter  of  combustion.  This  is  also 
true  wdth  the  different  kinds  of  lighting  apparatus  and  of  gas 
heaters,  where  the  index  varies  with  the  construction  of  the 
apparatus. 

Mr.  Kohn-Abrest  proposes  to  prohibit  for  domestic  use  all 
apparatus  with  an  index  higher  than  0.01,  a  value  beyond  which 
the   atmosphere    produced   becomes   rapidly   dangerous. 

Franco-German  Dye  Alliance  Denied 

Various  journals  have  echoed  the  information  armouncing 
an  aUiance  between  French  dye  industries  and  German  factories. 

This  would  amount  to  an  economic  and  technical  collabora- 
tion, by  which  the  German  factories  would  send  to  France  their 
technical  men  and  chemists  to  establish  factories.  The  French, 
on  their  part,  would  limit  their  production  to  their  needs,  and 
would  turn  over  a  part  of  their  profits  to  German  manufacturers. 

This  information,  which  seems  to  put  the  French  industries 
under  the  complete  control  of  German  dye  manufactm-ers,  has 
been  formally  denied,  and  the  political  situation  at  the  present 
time  tends  to  show  its  falsity. 

April  28,  1922 
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CANADIAN  LETTER 


By  T.  LiNSEY  Crosslev,  208  King  St.,  West,  Toronto,  Ontario 


Inaugurating  this  Canadian  letter  the  writer  feels  that  his 
name  should  not  appear  at  its  head,  without  the  admission  that 
cm'  far-tlung  provinces  and  generously  spaced  centers  of  scientific 
activity  make  a  resort  to  collaboration  necessary  in  order  to 
provide  a  survey  that  shall  not  be  confined  to  the  limited  vision 
of  an  observer  in  one  locality.  The  writer's  duty  will  be,  there- 
fore, to  review  activities  as  reported  to  him  from  the  various 
centers. 

To  some  of  the  readers  of  This  Joitrnal  the  mention  of  chemis- 
try in  Canada  may  bring  to  mind  only  McGill  and  Toronto  Uni- 
versities. All  the  provinces  now  have  universities  with  chemists. 
and  chemical  engineers  in  fair  number  engaged  industrially. 

In  the  extreme  West,  British  Columbia  has  two  chemists' 
associations,  the  British  Columbia  Chemists'  Club,  and  the 
Pacific  Section  of  the  Society  of  Chemical  Industry.  These  two 
organizations,  with  the  students'  Chemistry  Club  of  the  Univer- 
sity of  British  Columbia,  recently  united  in  an  expeditionary 
meeting  to  two  of  Canada's  newest  chemical  industries,  the 
Triangle  Chemical  Company  of  New  Westminster,  and  Acetate 
Products  Ltd.  of  South  Westminster.  These  concerns  making 
sulfuric  and  hydrochloric  acids,  fertilizer  and  wood  distillation 
products,  mark  the  western  development  of  forms  of  chemical 
industry,  based  on  the  very  marked  trend  to  more  scientific 
agricidtural  development  in  the  Dominion  and  the  utilization  of 
wood  species  that  grow  rapidly  and  numerously  in  sections 
where  the  merchantable  timber  either  does  not  grow  or  has  been 
removed.  The  elder,  which  grows  proliiically  on  the  Pacific  slope 
and  to  a  diameter  of  a  foot  or  more,  is  the  tree  utilized  in  this 
Western  development.  It  is  not  generally  known  that  at  Basque, 
British  Columbia,  a  deposit  of  natural  pure  magnesium  sulfate 
has  been  developed  commercially  for  some  time,  from  which 
it  has  been  found  possible  to  ship  material  as  mined,  running  as 
high  as  98  per  cent.  It  is  likely  that  the  lower  grades  will  be 
treated  by  recrystallization.  This  deposit  is  perhaps  unique  in 
America. 

For  some  years  there  have  been  endeavors  to  create  an 
Institute  of  Research  at  Ottawa  with  the  financial  backing  of  the 
federal  government.  There  were  discussions  by  advocates  of 
two  views,  one  that  the  institution  should  be  at  the  center  of 
government,  the  other  that  it  should  be  located  at  a  scientific 
center,  or  that  branches  should  be  established  at  the  leading 
universities  and  industrial  centers,    to  act  as  foci  for  specific 


types  of  work.  Last  year  the  recommendations  of  the  Advisory 
Research  Council  were  embodied  in  a  bill  which  passed  the  lower 
house,  but  was  thrown  out  in  the  Senate.  The  present  govern- 
ment upon  taking  office  was  approached  and  has  recently  decided 
to  table  the  matter  for  this  year.  There  seems  to  be  a  body  of 
opinion  growing  that  as  far  as  governments  are  concerned  not 
much  may  be  expected. 

Ontario  engineering  bodies  have  presented  a  bill  to  the  pro- 
vincial legislature  whereby  all  professional  engineers  must  be 
registered.  Chemists  have  been  included  in  the  requirements 
of  the  act,  and  the  fact  that  they,  therefore,  would  be  technically 
known  as  Registered  Professional  Engineers  and  not  as  chemists 
has  raised  a  great  deal  of  discussion  as  to  the  use  of  the  word 
chemist.  The  only  legal  status  of  "chemist"  in  Ontario  is  that 
synonymous  with  apothecary,  druggist  or  pharmacist.  It  is 
expected  that  the  bill  will  meet  many  difficulties  in  the  Committee 
stage,  being  objectionable  to  certain  agricultural  and  labor 
interests. 

The  annual  convention  of  Canadian  chemists  at  Ottawa, 
May  16  and  17,  will  have  passed  into  review  ere  this  con- 
tribution appears.  To  one  who  has  been  in  touch  with  chemical 
work  in  Canada  for  the  last  twenty -five  years,  it  means  much  to 
note  the  numbers  and  good  fellowship  of  these  meetings.  Cana- 
dian industries  have  developed  along  scientific  lines  and  the  chem- 
ist in  Canada  feels,  therefore,  that  he  is  an  economic  entity.  In 
1900,  for  example,  the  pulp  and  paper  industry  in  Canada  em- 
ployed three  chemists  and  one  of  them  was  dispensed  with  because 
the  manager  said  he  was  in  the  way.  This  industry  now  employs 
over  forty  chemists  and  has  become  one  of  the  leading  industries 
in  the  matter  of  scientific  control  and  investigation. 

A  meeting  was  held  in  Toronto,  April  28,  of  which  the  result 
was  a  resolution  to  form  a  Canadian  Metric  Association.  A 
temporary  committee  was  formed  to  draft  a  constitution  and 
inaugurate  action  toward  more  definite  efforts  to  popularize  the 
system  for  the  benefit  of  science  and  industry. 

General  business  conditions  have  not  for  some  time  been 
favorable  to  chemistry  and  chemical  engineering.  These  have 
suffered  in  some  measure  by  the  closing  down  or  curtailing  of 
business  in  some  of  the  larger  industrial  and  metallurgical  works. 
The  situation  now,  however,  leads  to  a  legitimate  optimism. 

May  9,  1922 


The  Forest  Products  Laboratory 

The  committee  in  charge  of  the  Decennial  Celebration  which 
•was  held  at  the  Forest  Products  Laboratory,  Madison,  Wis., 
July  22  and  23,  1921,  has  concluded  its  activities  with  the  pub- 
lication of  a  book  entitled  "The  Forest  Products  Laboratory: 
A  Decennial  Record."  The  book  recounts  the  need  of  centraliza- 
tion of  research  on  forest  products  which  led  to  the  establishment 
of  the  laboratory,  and  describes  the  researches  which  were 
carried  out  in  the  period  before  the  war,  the  work  of  the  war 
years  when  the  staff  increased  from  84  to  458  workers,  and  the 
developments  since  the  war,  together  with  the  fields  of  research 
which  lie  open  for  the  future. 

The  estimated  financial  value  of  the  research  results  obtained 
is  of  considerable  interest.  The  total  amount  appropriated 
for  the  laboratory  during  its  ten  years  of  life  is  close  to  two 
million  dollars.  Of  this  amount,  the  war  period  accounts  for 
a  large  portion.  The  annual  saving  in  the  building  and  con- 
struction trade,  for  instance,  as  a  result  of  the  work  at  the  labora- 
tory on  the  mechanical  properties  of  American  woods  which  made 
possible  a  20  per  cent  increase  in  allowable  working  stresses 
in  structural  timbers,  is  estimated  at  $4,000,000.  Since  the 
lumber  used  annually  in  this  trade  is  worth  roughly  1.200,000,000, 
the  saving  theoretically  possible  is  $40,000,000.  As  another 
example,  the  adoption  of  improved  methods  of  turpentining 
developed  by  the  laboratory  has  resulted  in  incieased  yields 
and  decreased  injury  to  timber  with  net  savings  aggregating 
$4,000,000  per  year.  The  aimual  saving  to  American  industries 
directly  attributable  to  the  work  of  the  laboratory  is  estimated 
at  approximately  $,'^0,000,000.  A  much  larger  saving  would 
be  made  if  full  use  were  made  of  the  results  of  its  investigations. 


Inventions  by  Government  Workers 

A  committee  of  representatives  of  British  governmental  de- 
partments and  leading  British  scientists  has  recently  recom- 
mended to  the  Hon.  A.  J.  Balfour,  Lord  President  of  the  Council, 
a  comprehensive  scheme  of  dealing  with  inventions  by  govern- 
ment workers  or  by  individuals  aided  or  maintained  from  public 
funds. 

The  committee  recommends  the  organization  of  an  Inter- 
departmental Patents  Board.  Pending  a  decision  in  each  case 
by  this  Board,  all  rights  in  inventions  made  by  government  em- 
ployees shall  belong  to  the  government.  If  the  inventor  can 
satisfy  the  Board  that  he  derived  no  assistance  from  the  nature  of 
his  employment  in  making  the  invention,  he  shall  be  entitled 
to  all  rights  therein.  The  question  of  whether  the  inventor  is 
entitled  to  any  reward  in  addition  to  the  enjoyment  of  commercial 
rights  shall  be  decided  by  the  Board.  Where  the  rights  in  an 
invention  capable  of  commercial  exploitation  belong  to  the 
government,  the  invention  shall  be  exploited  commercially  for 
the  benefit  of  the  government. 

A  system  of  awards  and  merits  for  the  inventor  is  proposed, 
which  should  be  passed  upon  by  an  Awards  Committee,  to  be 
organized  within  the  proposed  Patents  Board.  These  are  not 
intended  as  substitutes  for  commercial  profits,  but  as  a  recogni- 
tion of  merit  and  as  an  incentive  to  government  workers. 


The  Canadian  Institute  of  Chemistry  has  just  issued  a  com- 
pact little  book  which  lists  officers,  conunittces,  and  members 
of  the  council,  gives  a  brief  historical  .sketch  of  the  Institute,  the 
constitution  and  by  laws,  and  names  and  addresses  of  members, 
corrected  to  December  31,  1921. 
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Personals 


Industrials 


Mr.  Charles  W.  Schaffer  resigned  as  chemist  at  the  National 
Aniline  and  Chemical  Company  to  become  associated  with  the 
Central  Dyestuff  and  Chemical  Company  of  Newark,  N.  J. 

Mr.  Harry  E.  Rice  has  severed  his  connection  with  the  R.  R. 
Donnelley  and  Sons  Co.,  Printers,  of  Chicago,  where  he  has  been 
employed  for  several  years  in  the  capacity  of  chemist.  He  is 
now  in  charge  of  research  and  development  work  for  the  American 
Printing  Co.,  also  of  Chicago. 

Dr.  J.  C.  Witt  has  been  appointed  a  consulting  chemist  in  the 
Bureau  of  Mines,  and  from  time  to  time  will  cooperate  with  that 
Bureau  in  the  study  of  some  phases  of  Portland  cement  manu- 
facture. 

Mr.  H.  E.  Otting  has  resigned  his  position  as  superintendent  of 
the  laboratories  of  the  Nestles  Food  Company  of  New  York  City, 
to  accept  a  similar  position  with  the  Mohawk  Condensed  Milk 
Company  of  Chicago  with  his  headquarters  at  Corry,  Pa. 

Dr.  Martin  S.  Kissel,  Jr.,  has  just  returned  from  China,  where 
he  was  chief  chemist  of  the  Sun  Cheong  Milling  Co.,  and  has 
opened  a  laboratory,  603  Linwood  Street,  Brooklyn,  N.  Y. 

Mr.  Lloyd  A.  Bosworth  recently  resigned  as  a  chemist  in  the 
Analytical  and  Research  Department  of  The  Drug  Co.,  Boston, 
Mass.,  to  accept  the  position  of  chief  chemist  for  the  Patent 
Cereals  Co.,  Geneva,  N.  Y. 

Mr.  Henry  P.  Busch,  in  charge  of  the  laboratories  of  Shoe- 
maker and  Busch,  has  been  elected  a  director  of  the  United 
Security  Life  Insurance  and  Trust  Company  of  Philadelphia. 

Mr.  Pierre  E.  Haynes,  formerly  with  The  Linde  Air  Products 
Company  and  The  Prest-O-Lite  Company,  announces  the  es- 
tablishment of  a  consulting  engineer's  office  in  Buffalo,  N.  Y. 
Mr.  Haynes  will  be  associated  with  Haynes  and  Mote,  Public 
Utility  Counselors  of  Indianapolis,  Ind. 

At  the  annual  meeting  held  at  the  company's  offices,  February 
14,  in  Detroit,  The  Digestive  Ferments  Company  elected  Howard 
T.  Graber  secretary  of  the  corporation.  Mr.  Graber  assumes 
his  duties  of  secretary  immediately  and  retains  his  former  duties 
as  Director  of  the  Chemical  Laboratory  and  Chairman  of  the 
Publicity  Committee. 

Mr.  L.  J.  Buck  has  severed  his  connection  with  the  National 
Carbon  Company  and  has  become  V.  S.  Sales  Representative  of 
the  British  America  Nickel  Corp.,  Ltd.,  Ottawa,  Canada,  with 
offices  in  the  Canadian  Pacific  Building,  342  Madison  Ave., 
New  York.  N.  Y. 

Mr.  Clayton  L.  Jenks  has  opened  an  office  at  2  Rector  St.,  New 
York,  N.  Y.,  and  will  give  especial  attention  to  chemical  and 
mechanical  inventions,  the  correction  of  improper  usage  of  trade- 
marks, and  the  organization  of  patent  departments.  Mr.  Jenks 
was  for  six  years  an  assistant  examiner  in  the  U.  S.  Patent  Office, 
and  organized  and  conducted  a  patent  department  for  Eastman 
Kodak  Co.,  at  Rochester,  N.  Y.,  and  also  established  a  similar 
system  for  Norton  Company  at  Worcester,  Mass.,  of  which  he  will 
retain  charge. 

Mr.  Robert  D.  Landrum  has  left  the  employ  of  Harshaw, 
Fuller  &  Goodwin  Co.,  Cleveland,  Ohio,  to  enter  business  for 
himself  as  vice  president  in  charge  of  development  and  sales  for 
the  Vitreous  Enameling  Co.  and  the  Vitreous  Steel  Products  Co., 
of  Cleveland. 

Mr.  Lewis  I.  Birdsall  of  Minneapolis  has  been  appointed  the 
representative  of  the  American  Chemical  Society  to  act  on  the 
committee  being  formed  by  the  Surgeon  General  of  the  Public 
Health  Service  to  pass  upon  a  standard  for  drinking  water  used 
by  common  carriers  operating  in  interstate  traffic,  to  review  the 
present  standard  of  the  Treasury  Department  and  to  recommend 
a  standard  or  standards  based  on  recommended  specific  methods 
of  laboratory  analysis  and  field  survey  which  will  be  applicable 
to  all  classes  of  water  suppUes  coming  within  the  supervision  of 
the  Interstate  Quarantine  Regulations  of  the  United  States. 

Mr.  James  G.  Vail,  Chairman  of  the  Philadelphia  Section  of  the 
American  Chemicai,  Society,  delivered  a  lecture  before  the 
National  Association  of  Corrugated  and  Fiber  Box  Manufac- 
turers at  St.  Louis  on  April  19.  His  topic  was  "Silicate  of  Soda 
as  an  Adhesive." 

Mr.  D.  D.  Berolzheimer,  Assistant  Technical  Editor  of  the 
Chemical  Engineering  Catalog  and  co-author  of  the  Condensed 
Chemical  Dictionary,  has  been  appointed  Manager  of  the  In- 
formation Bureau  of  The  Chemical  Catalog  Co.,  Inc.,  and  of  that 
of  the  Service  Department  of  This  Journal. 


The  N.  &  G.  Taylor  Co.,  Philadelphia,  Pa.,  manufacturers 
of  tin  plate,  have  resumed  operations  in  the  open  hearth  and 
bar  mill  departments  of  their  Cumberland  plant,  while  opera- 
tions in  the  black  plate  and  tinning  departments  are  now  approxi- 
mately 90  per  cent  of  capacity.  A  good  demand  for  roofing 
tin.  especially  in  the  higher  grades,  is  reported,  and  the  tin  plate 
business  of  the  district  continues  to  improve. 

The  Paul  Maehler  Company  has  recently  issued  a  booklet, 
well  illustrated,  which  describes  in  some  detail  the  special  features 
of  the  ovens,  and  their  application  to  various  types  of  industrial 
use.  Ventilation  and  circulation,  fuels  for  industrial  ovens,  and 
conveyor  and  special  type  ovens  are  among  the  topics  dis- 
cussed. 

The  Electro  Metallurgical  Sales  Corporation  has  prepared  a 
^x■ry  attractive  booklet  which  describes  various  products  of  the 
electric  furnace  and  their  uses  in  the  fields  of  ferrous  and  non- 
ferrous  metallurgy,  together  with  interesting  historical  data  in 
regard  to  the  development  of  these  products.  High  and  low 
carbon  ferrochrome  and  miscellaneous  chromium  alloys,  ferro- 
silicon  of  various  grades,  ferromanganese,  and  zirconium  alloys 
are  treated  in  turn,  including  applications  and  typical  analyses. 

E.  I.  du  Pont  de  Nemours  &  Co.,  Wilmington,  Del.,  have 
permanently  closed  their  historic  powder  mills  at  Brandywine, 
and  the  plant  will  be  dismantled.  The  Brandywine  mill  was 
the  first  of  its  kind  in  this  country  and  furnished  munitions  for 
the  War  of  1812  and  the  Civil  War,  and  has  been  used  contin- 
uously for  the  manufacture  of  powder  and  explosives  up  to  a 
recent  date. 

Articles  of  incorporation  are  being  prepared  for  a  new  chemical 
concern  in  Cincinnati,  the  principals  of  which  are  Robert 
W.  Hilton,  former  vice  president  of  the  Ault  &  Wiborg  Co., 
and  now  consultant  chemical  engineer,  and  A.  Brooking  Davis, 
assistant  general  manager  of  the  Cincinnati  Chemical  Works, 
Inc.  The  new  company  will  operate  research  and  technical 
laboratories  fitted  for  the  development  of  factory  processes  and 
patents,  and  for  general  consultation  to  the  chemical  and  related 
industry,  and  will  also  manufacture  a  selected  group  of  the 
finer  chemical  products. 

The  first  large  freighter  to  be  loaded  entirely  with  Celite  prod- 
ucts recently  left  Port  San  Luis,  Cal.,  bound  for  Atlantic  ports 
by  way  of  the  Panama  Canal.  Two  other  vessels  are  to  follow, 
this  being  the  first  time  that  three  entire  vessels  have  been  used 
to  the  exclusion  of  other  products.  In  spite  of  the  necessity  of 
shipping  by  motor  truck  to  the  Pacific  Coast  Railroad  and  the 
rehandling  involved,  it  has  been  found  that  this  method  of 
water  shipment  reduces  the  final  cost  of  the  products  to  an 
appreciable  extent. 

The  American  Trona  Corporation  has  reopened  its  potash 
plant  at  Searles  Lake,  Cal.,  which  had  been  closed  for  about  a 
year.  Officials  of  the  company  say  that  they  wish  to  accumulate 
a  stock  of  potash,  since  contracts  are  made  by  the  year,  and  that 
they  will  ofTer  domestic  goods  as  low  as  imported. 

The  Raymond  Bros.  Impact  Pulverizer  Company  has  estab- 
lished a  new  permanent  western  office  at  1002  Washington 
Bldg.,  Los  Angeles,  Cal.,  in  charge  of  W.  B.  Senseman. 

The  receivers  of  the  Butterworth-Judson  Corporation  have 
taken  possession  and  are  continuing  the  business  as  directed. 
They  expect  to  complete  unfilled  orders  and  to  accept  new  orders 
in  usual  course. 

The  American  Dyes  Institute  has  sublet  its  office  rooms  in 
New  York  and  the  office  force  is  to  be  disbanded.  Mail  for  the 
Institute  should  be  addressed  in  care  of  the  Dye  Section  of  the 
Synthetic  Organic  Chemical  Manufacturers  Association,  One 
Madison  Ave.,  New  York  City. 

A  large  deposit  of  genuine  chalk  cliffstone  whiting  which  is 
claimed  to  be  equal  if  not  superior  to  the  imported  grade  of 
chalk,  has  recently  been  located  at  White  Cliffs,  Ark.  The  prop- 
erty, comprising  over  2900  acres,  has  been  purchased  by  the 
Krippendorf-Tuttle  White  Cliffs  Products  Co.,  recently  organ- 
ized, and  machinery  and  equipment  are  now  being  installed  at 
the  new  plant. 

Devoe  and  Reynolds  have  established  a  school  of  instruction 
as  an  aid  to  up-to-date  merchandising,  which  is  attended  by 
all  classes  of  employees.  Regular  lessons  are  given  out  for  study 
covering  the  making  of  paints,  the  properties  of  drying  oils,  the 
application  of  paints,  and  many  other  matters  of  interest  to  the 
industry.     Weekly  lessons  will  be  continued  until  the  end  of  June. 


June,  1922 
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Pulverized  Coal  Systems  in  America.  By  Leonard  C.  Harvey. 
Revised  edition;  paper  T'/a  x  ^'/i;  "i  +  115  pp.,  25  illustra- 
tions. Department  of  Scientific  and  Industrial  Research, 
Fuel  Research  Board,  Special  Report  No.  1.  Published  by 
His  Majesty's  Stationery  Office,  London,  1022.  Price,  5s.  Od. 
net. 

This  is  a  revision  of  the  original  report  prepared  by  Mr.  Harvey 
after  his  return  to  England  from  a  three  months'  survey  of 
pulverized  coal  systems  in  America  in  1918.  The  new  edition 
includes  a  brief  review  of  progress  in  America  during  the  last 
two  years  as  obtained  from  questionnaires  sent  to  a  large  number 
of  users  of  pulverized  coal,  and  from  a  short  subsequent  visit  to 
the  United  States.  Brief  reference  is  also  made  to  recent  progress 
in  England  and  other  countries  as  a  resultant  of  the  pioneer  work 
carried  out  in  America. 

In  a  prefatory  note  Sir  George  Beilby,  Director  of  the  Fuel 
Research  Board,  states  that  America  burns  between  ten  and 
fifteen  million  tons  of  coal  per  annum  in  pulverized  form,  while 
its  use  in  Great  Britain  has  been  e.xtremely  limited  and  the  prog- 
ress most  disappointing. 

The  report  consists  of  seven  chapters  and  five  appendices 
covering  the  following  subjects:  conditions  with  pulverized  fuel, 
range  of  fuels  suitable,  coke,  pitch,  anthracite,  bituminous  coals, 
utilization  of  waste  coal,  lignites  and  peat;  cost  of  installation 
and  cost  of  powdered  coal;  standard  mill  house  practice  and 
tabulated  answers  given  on  questionnaire  sheets  sent  to  American 
users  of  pulverized  coal;  transportation  of  coal  dust  to  burners; 
pulverized  coal  storage  and  spontaneous  combustion;  feeders, 
mixers  and  burners;  applications,  opinions  of  users,  working 
results,  metallurgical  and  similar  processes,  open  hearth  steel 
melting  furnaces,  heat  treatment  and  soaking  pits,  welding  and 
puddling  furnaces;  steam  boilers;  railway  locomotives;  marine 
propulsion;  domestic  and  office  buildings ;  central  heating  systems 
investigated  by  the  author  in  1918  and  new  systems ;  installations 
visited  by  the  author  in  1918;  list  of  pulverized  fuel  users; 
difficulties  in  the  use  of  pulverized  coal;  and  an  excellent  bibli- 
ography compiled  by  the  Engineering  Societies'  Library. 

The  chapter  on  cost  of  installation  and  operation  of  pulverized 
coal  plants  is  very  useful.  A  table  is  given  of  the  number  and 
size  of  dryers  and  pulverizers,  including  hours  of  labor  for  ton- 
nages ranging  from  5  to  1000  tons  per  day.  The  answers  to 
questionnaires  sent  to  fifteen  American  users  of  pulverized  coal 
give  such  information  as  kind  and  analysis  of  coal  used;  type 
and  number  of  boilers;  type  and  number  of  metallurgical  fur- 
naces; pulverizing  plant  equipment;  and  comments  by  the  users 
on  the  success  or  failure  of  the  systems  installed  at  their  plants. 
A  brief  but  comprehensive  description  is  given  of  the  operating 
steps  from  the  raw  coal  to  the  pulverized  storage  bin  with  dis- 
cussion of  the  advantages  and  disadvantages  of  different  trans- 
portation systems  and  pulverizers.  The  author  could  well  have 
given  more  space  to  safety  rules  for  the  prevention  of  dust  ex- 
plosions and  fires  in  pulverized  coal  systems.  Mr.  Harvey  states 
that  in  order  to  conserve  the  volatile  constituents  in  drying 
pulverized  coal,  precautions  need  to  be  taken  to  insure  that  no 
part  of  the  coal  reaches  a  temperature  higher  than  200°  C. 
To  avoid  danger  of  firing,  the  maximum  temperature  should  prob- 
ably not  exceed  125°  C. 

Chapter  6  contains  a  variety  of  valuable  information  obtained 
from  questionnaires  and  other  sources  on  the  use  of  pulverized 
fuel  in  both  the  ferrous  and  nonferrous  metallurgical  industries 
and,  in  particular,  operating  data  on  steam  boiler  installations, 
including  tests  of  boilers  at  the  Missouri,  Kan.sas  &  Texas  Rail- 


road Shops  at  Parsons,  Kans. ;  at  the  Oneida  Street  Station  of  the 
Milwaukee  Electric  Railway  &  Light  Company,  Milwaukee, 
Wis.,  and  railway  locomotive  tests  on  the  Great  Central  Railway. 
The  report  is  replete  with  data  and  illustrations  and  is  un- 
doubtedly one  of  the  best  contributions  to  this  subject. 

A.  C.  FlELDNER 


The  Distribution  of  Gas.  By  Walter  Hole.  4th  edition,  re- 
vised and  enlarged.  699  pp.  Benn  Brothers  Ltd.,  8  Bouverie 
St.,  E.  C.  4,  London,  1921.     Price,  50s.  net. 

A  review  of  this  edition  of  the  "Distribution  of  Gas"  merely 
strengthens  the  impression  of  thoroughness  exhibited  in  the  pre- 
vious edition.  The  book  should  be  of  interest  to  all  distribution 
engineers,  even  though  the  practice  it  represents  is  somewhat 
different  from  that  generally  prevalent  in  America.  Primarily, 
the  book  describes  English  distribution  practice,  and  is  written 
for  English  gas  engineers;  a  fact  that  must  be  kept  in  mind  by  the 
American  reader  in  order  that  he  may  derive  the  greatest  bene- 
fit from  it.  However,  it  is  apparent  that  Mr.  Hole  has  not  failed 
to  supplement  his  experience,  or  that  of  his  associates,  in  order 
to  strengthen  the  book  when  he  thought  it  necessary  or  advisable, 
by  reference  to  American  or  other  practice. 

From  an  American  point  of  view,  it  is  felt  that  the  book  should 
more  rightly  have  been  called  the  "Distribution  and  Utilization 
of  Gas,"  since  nearly  one- third  of  the  subject  matter  is  devoted  to 
methods,  equipment  and  appliances  dealing  with  the  use  of  gas. 
In  America,  except  in  quite  small  companies,  the  engineer  in 
charge  of  distribution  has  but  Utile  to  do  with  the  utilization  of 
gas,  except  for  the  connection  of  the  appliances,  and  consequently, 
his  knowledge  of  what  is  probably  the  most  important  feature  of 
the  gas  industry,  that  is,  the  giving  of  satisfactory  and  compre- 
hensive service  to  the  user  of  gas,  is  quite  limited. 

For  this  reason,  Mr.  Hole  has  performed  a  valuable  service  in 
inseparably  tying  up  the  subject  of  utilization  with  that  of  dis- 
tribution. Since  the  responsibility  of  the  distribution  engineer 
should  not  cease  until  the  gas  is  satisfactorily  functioning,  he 
should  know  as  much  as  possible  regarding  the  principles  of  com- 
bustion and  the  proper  application  of  these  principles  to  the 
"thousand  uses  of  gas."  In  this  book  he  will  be  reasonably 
certain  to  find  information  on  all  phases  of  this  subject  clearly 
set  forth. 

Likewise,  the  same  thought  may  be  extended  to  include  the 
chapter  on  compressors  and  boosters.  Too  little  information  js 
available  on  this  subject,  but  it  is  unquestionable  that  wherever 
so-called  medium  or  high  pressures  are  to  be  carried  on  the  dis- 
tribution system,  the  distribution  engineer  should  be  familiar 
with  these  features. 

It  is  to  be  expected  that  in  many  instances  the  American  gas 
engineer  will  find  methods  for  accomplishing  distribution  work 
which  are  more  or  less  different  from  those  with  which  he  is 
familiar.  The  discovery  of  these  differences  should  not  make 
him  discard  the  book  as  containing  information  not  applicable  in 
his  situation,  but  should  make  him  find  out  whether  or  not  his 
own  method  of  doing  the  work  is  the  more  satisfactory. 

It  is  by  the  study  of  such  a  book  that  .American  gas  engineers 
may  broaden  their  knowledge  and  experience,  and  for  this  reason 
the  book  is  rcconnuLnded  to  them.  Mr.  Hole  is  to  be  congratu- 
lated on  his  work. 

C.  E.  Reinicker 
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Distillation  Principles  and  Processes.  By  Sydney  Young 
(with  the  collaboration  of  E.  Briggs,  T.  Howard  Butler, 
Thos.  H.  Durrans,  F.  R.  Heni-Ey  and  Joseph  Reilley). 
509  pp.  Macmillan  &  Co.,  Ltd.,  New  York,  1922.  Price, 
$10.50. 

Young's  "Fractional  Distillation"  has  been  the  standard 
English  text  on  the  theory  of  distillation  since  it  was  published 
in  1903.  The  present  volume  is  a  reprint  of  the  1903  edition 
with  some  revisions  and  with  the  addition  of  six  sections  on 
manufacturing  processes  involving  distillation,  each  written  by 
a  man  who  was  especially  familiar  with  the  process  described. 
These  sections  give  general  rather  than  particular  engineering 
data  on  the  different  types  of  distillation  apparatus  in  use,  and 
each  section  gives  a  practical  example  of  some  phases  of  the  theory 
of  distillation  or,  as  in  the  treatment  of  fermentation  in  the 
section  on  acetone  and  butyl  alcohol,  of  some  process  closely 
related  to  distillation.  The  section  on  alcohol  goes  into  the 
theory  of  the  separation  of  small  proportions  of  impurities  by 
distillation  in  addition  to  describing  the  usual  forms  of  alcohol 
distillation  apparatus. 

It  is  interesting  to  note  that  most  of  the  examples  of  modem 
plants  described  in  the  section  on  petroleum  are  taken  from 
California  practice. 

The  section  on  tars  summarizes  the  whole  subject  of  production 
and  treatment,  including  the  methods  of  separating  and  purify- 
ing tar  products  by  distillation. 

In  the  section  on  glycerol  are  described  the  types  of  glycerol 
stills  in  use,  and  some  figures  on  yields  and  power  costs  are 
given. 

The  theory  of  steam  distillation  is  well  treated  in  the  section 
on  essential  oUs. 

The  reviewer  considers  the  book  the  best  that  has  yet  been 
published  on  the  general  subject  of  distillation,  and  he  makes 
this  statement  in  spite  of  the  fact  that  neither  Young  nor  his 
collaborators  have  given  a  satisfactory  theoretical  treatment 
of  the  subject  of  separation  of  materials  in  a  fractionating  column. 
We  do  not  understand  how  Young  could  have  so  ignored  the  work 
of  Sorel  and  of  Hausbrand  as  to  miss  completely  the  definite 
relationship  between  the  expenditure  of  heat  and  the  separation 
of  materials  effected  in  a  section  of  any  fractionating  column, 
yet  nowhere  in  the  present  volume  is  this  relationship  brought 
out,  and  all  of  Young's  collaborators  are  equally  hazy  when  de- 
scribing what  takes  place  in  a  fractionating  column.  While 
no  book  on  distillation  that  does  not  give  a  thorough  treatment 
of  the  theory  of  fractionating  columns  can  be  considered  com- 
plete, the  present  book  partly  makes  up  for  this  lack  by  its  ex- 
cellence in  all  other  respects,  and  the  reviewer  considers  it  in- 
valuable to  anyone  interested  in  distillation,  either  in  the  plant 
or  laboratory. 

W.  A.  Peters,  Jr. 

Gas  Chemists'  Handbook.     Compiled  by  Chemical   Committee 

Technical   Section,   American   Gas   Association.     608   pp. 

American  Gas  Association,   130  East   15th  St.,  New  York, 

1922.     Price,  $6.00  in  the  United  States  and  Canada,  $6.50 

in  foreign  countries. 

As  might  be  expected  from  the  able  list  of  collaborators,  this 
is  an  excellent  volume  and  a  great  improvement  over  the  first 
edition.  The  sections  dealing  with  tar,  light  oil,  water  analysis, 
lubricants,  refractories,  gas  analysis,  and  ferrous  metal  are  clear 
and  complete,  though  the  last  two  are  perhaps  a  trifle  long  for 
such  a  work. 

The  chapter  on  coal  and  coke  is  well  arranged  and  on  the  whole 
satisfactory.  The  methods  for  sulfur  in  coal  do  not,  however, 
mention  Parr's  sulfur  capsule  in  which  the  charge  is  exploded  by 
heating  in  a  flame;  this  gives  a  more  certain  combustion,  especially 
in  the  case  of  cokes.  Volumetric  methods  for  sulfur  are  also 
omitted,  and  the  sulfur  is  precipitated  without  removal  of  iron. 

The  work  on  gas  oil  is  complete,  specific,  and  accurate,  though 


there  is  some  doubt  as  to  whether  a  glass  condenser  should  stand 
cold  water  till  the  temperature  of  the  distillate  is  600°  F. 

The  discussion  of  calorimetry  is  old  and  subject  to  question. 
The  difference  between  the  temperature  of  the  room  and  inlet 
water  should  be  nearer  2  °  than  5  °,  and  it  is  a  poor  observer  indeed 
who  cannot  check  his  results  within  less  than  10  B.  t.  u.  No 
mention  is  made  of  the  stem  correction  as  such,  or  of  the  cor- 
rection for  the  efficiency  of  the  instrument. 

In  the  part  dealing  with  weak  ammonia  liquor,  it  might  have 
been  stated  that  /)-nitrophenol  is  a  better  indicator  than  methyl 
red  or  cochineal,  but  the  method  for  free  ammonia  in  strong 
liquors  is  good.  In  the  determination  of  active  lime,  it  would 
seem  that  more  precautions  should  be  taken  to  prevent  access 
of  carbon  dioxide,  and  it  might  have  been  better  to  recommend 
wheat  starch  in  place  of  the  soluble  variety.  For  cyanogen  in 
gas,  there  is  a  better  method  than  the  one  given,  and  the  method 
for  naphthalene  in  gas  is  slow  and  inaccurate,  especially  with 
small  amounts  of  naphthalene. 

Many  will  disagree  with  the  method  for  the  valuation  of  oxide, 
and  in  the  determination  of  lime  in  new  oxide,  the  volumetric 
method  is  not  mentioned.  The  section  dealing  with  paints  is 
excellent,  with  one  exception;  the  extraction  method  given  is 
not  satisfactory.  This  should  be  done  in  a  thimble  in  a  Soxhlet. 
The  treatment  of  pipe  deposits  is  incomplete;  for.  instance,  a 
method  should  be  given  for  moisture  alone.  Neither  does  it 
seem  advisable  to  dry  naphthalene  at  105°  C. 

A  number  of  printer's  errors  are  noted,  as  in  the  definition  of 
the  initial  set  of  cement,  and  in  some  of  the  figures. 

Most  of  the  above  criticisms  would,  however,  probably  apply 
to  any  handbook  of  this  natiu-e,  and  the  work  as  a  whole  is  very 
valuable  and  heartily  to  be  commended 

C.  H.  StonB 

Les   Metaux  Preciexix.      By    Jean    Voisin.     264    pp.     J.-B. 

Bailliere  et  Fils,   19,  Rue  Hautefeuille,   Paris,   1922.     Price, 

paper,  25  fr. ;  flexible  cover,  35  fr. 

This  volume  constitutes  one  of  the  series  of  the  Encyclopedia 
of  Industrial  Chemistry,  published  under  the  direction  of  M. 
Matignon. 

The  metals  treated  are  gold,  silver,  platinum,  and  the  other 
platinum  metals.  The  first  chapter  is  devoted  to  gold  assaying; 
a  resume  of  its  physical  and  chemical  properties;  the  occurrence 
of  gold  in  nature;  the  mining  regions  and  their  production, 
methods  of  exploitation,  and  treatment  and  refinement  of  the 
minerals. 

The  same  subjects  are  treated  with  reference  to  silver  in  Chap- 
ter 2;  and  platinum  and  platinum  metals  in  Chapter  3.  Chap- 
ter 4  is  devoted  to  the  economics  of  the  precious  metals;  Chap- 
ter 5,  to  coinage,  jewelry,  and  methods  of  assay;  Chapter  6,  to 
the  application  of  the  precious  metals  in  the  different  industries, 
including  silver  and  gold  plating,  metallurgy  of  platinum,  ap- 
plication to  the  electrical  industries,  medicinal  uses,  manufac- 
ture of  platinum  ware,  application  of  platinum  to  catalysis  and 
to  photography,  and  finally,  a  discussion  of  the  treatment  of 
industrial  residues. 

Gay-Lussac  tables  are  also  given  for  the  calculation  of  silver 
assays  by  means  of  sodium  chloride  and  silver  nitrate.  This 
volume  contains  a  great  deal  of  material  of  interest  to  metal- 
lurgists and  others  interested  in  the  precious  metals.  On  account 
of  the  variety  of  subjects  treated  in  a  limited  space,  many  of  the 
discussions  are  of  a  rather  cursory  nature. 

The  statistics  on  the  production  of  the  precious  metals  are 
for  the  most  part  brought  down  only  through  1914,  although  the 
world's  production  of  silver  and  gold  are  carried  through  1918, 
and  platinum  through  1917.  The  chapter  on  the  economics 
of  these  metals,  giving  detailed  statistics  as  to  the  variation 
of  prices  of  gold  and  silver  in  Paris  during  recent  years,  through 
1920,  is  perhaps  the  most  interesting  one  in  the  volume. 

S.    C.    LiND 
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Notice — Commerce  Reports  are  received  by  all  large  libraries  and  may  be 
consulted  there,  or  single  numbers  can  be  secured  by  application  to  the  Bureau 
of  Foreign  and  Domestic  Commerce,  Deparlment  of  Commerce,  Washington, 
D.  C.  The  regular  subscription  rate  for  these  Commerce  Reports  mailed 
weekly  is  $3.00  per  year  (JO  cents  per  single  copy),  payable  in  advance  to  the 
Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  C. 


April 

The  mining  indus  ry  of  Algeria  during  1921  was  seriously 
affected  by  a  dull  market  coincident  with  an  appreciable  re- 
duction in  the  prices  of  metals.  Phosphate  was  the  one  excep- 
tion, shipments  thereof  being  larger  than  in  1920.     (Pp.  16-7) 

The  new  motion-picture  film,  "The  Story  of  an  Electric  Meter," 
produced  under  the  direction  of  the  Department  of  Commerce 
in  cooperation  with  the  Sangamo  Electric  Co.  of  Springfield, 
111.,  is  rapidly  nearing  completion.  It  shows  in  a  graphic  way 
the  steps  in  the  manufacture  of  an  electric  meter,  as  weU  as  its 
many  uses.  A  feature  of  the  film  will  be  the  animated  drawings 
showing  complete  operation  of  the  meter  itself.  When  com- 
pleted it  will  be  given  the  widest  possible  circulation  by  the 
Government.     (P.  24) 

The  trade  of  the  United  States  in  petroleum  products  in 
February  is  reviewed.     (Pp.  33-4) 

The  total  production  of  chemical  wood  pulp  in  Norway  in 
1921  was  much  less  than  in  1920,  being  estimated  at  150,000 
tons,  compared  with  224,000  tons  in  1920.     (P.  36) 

Owing  to  various  decrees  restricting  the  export  of  wood  pulp 
and  to  stagnation  in  the  paper  manufacturing  industry  in  Portu- 
gal, the  output  of  wood  pulp  has  been  greatly  reduced  for  the 
past  two  years.     (P.  37) 

Operation  of  the  deferred  duty  of  the  new  Australian  customs 
tariff  has  been  postponed  on  citric  acid  from  March  31,  1922, 
to  June  30,  1922.     (P.  51) 

Recent  amendments  to  the  Customs  Tariff  of  the  Federated 
Malay  States  increases  the  import  duty  on  petroleum.  (P.  51) 

Italy,  in  a  recent  ministerial  decree,  granted  an  exemption 
from  import  duty  on  alcohol  to  be  used  in  making  medicated 
soap.     (P.  53) 

The  discovery  of  platinum  in  Brazil  is  reported.     (P.  60) 

Germany  has  recently  concluded  contracts  for  the  delivery 
of  800,000  tons  of  phosphoric  ore  from  Newfoundland.  It  is 
calculated  that  it  wUl  be  possible  to  prociu-e  about  1,000,000 
tons  per  annum  of  this  ore  from  Newfoundland  or  Labrador. 
(P.  75) 

The  possibility  of  modem  application  of  iodine  to  industrial 
processes  would  seem  to  warrant  a  thorough  extraction  of  the 
material  and  the  lowering  of  prices  to  a  commercial  scale.  The 
present  Chilean  arrangement  requires  that  all  iodine  contained 
in  the  ore  whose  extraction  is  not  permitted  by  the  quota  as- 
signed the  plant  be  thrown  away  and  lost  entirely.  It  is  esti- 
mated that  from  10,000  to  14,000  tons  could  be  produced  if  all 
the  iodine  contents  of  the  treated  ore  were  recovered.     (P.  112) 

The  Northern  Peru  Mining  and  Smelting  Co.  has  undertaken 
new  mining  operations  which  constitute  the  most  important 
mining  development  in  Peru  for  a  number  of  years.  Their 
activities  have  to  do  especially  with  copper  and  coal.     (P.  113) 

The  use  of  fertilizers  in  Japan  is  described,  and  statistics  are 
given  showing  the  production,  consumption,  and  importation 
of  fertilizers.  The  use  of  fertilizers  in  Japan  is  becoming  in- 
creasingly important  because  of  the  necessity  to  produce  crops 
sufficient  to  feed  a  rapidly  growing  population  from  a  very  limited 
amount  of  arable  lands.     (Pp.  114-5) 

The  large  factory  for  the  manufacture  of  soda  and  by-products 
by  the  Society  Industrielle  de  Chimie  d'Extrcme-Orient  is  prac- 
tically completed.  It  represents  an  expenditure  of  11,250,000 
francs.  The  company  expects  to  supply  a  large  number  of 
paper,  glass,  soap,  and  spinning  factories  in  the  Orient  with 
caustic  soda  and  other  chemicals.     (P.   116) 

The  Polish  Ministry  of  Provisionment  has  prohibited  the 
manufacture  of  alcohol  from  grain.     (P.  120) 

I,atvia  is  using  peat  as  fuel  in  its  state  institutions.     (P.  121) 


It  is  reported  that  a  promising  prospect  for  manganese  ore 
has  been  discovered  and  is  bemg  opened  in  Wales.     (P.   147) 

A  recent  experiment  at  Liverpool  for  disinfecting  anthrax- 
mfected  wool,  if  successful,  will  reduce  the  cost  of  sterilizing 
from  1.5d.  per  pound  to  0.25d.  The  new  apparatus  employs 
a  combination  of  X-rays  and  ultraviolet  rays.     (P.   148) 

During  the  year  1921  Great  Britain  imported  1,175,446,296 
gal.  of  petroletmi,  of  which  one-half  came  from  the  United  States. 
(P.  166) 

The  exploitation  of  petroleiun  in  Venezuela  is  described. 
(Pp.  166-7) 

The  present  export  duty  on  oil,  as  well  as  the  special  taxation 
on  mining  products,  from  the  Dutch  East  Indies  has  been  recom- 
mended for  discontinuance.     (P.  178) 

A  new  Chilean  law  provides  for  a  surtax  on  all  imports  of 
oil  from  those  countries  imposing  an  export  tax  on  such  products. 
(Pp.  178-9) 

The  Bureau  of  Foreign  and  Domestic  Commerce  has  on  file 
a  report  on  the  market  for  American  paints  in  Cuba.     (P.  185) 

The  existence  of  minerals,  such  as  bauxite,  limestone,  red 
ocher,  iron  pyrites,  mica,  and  magnetic  iron  ore  is  reported  in 
British  Honduras.     (P.  185) 

The  Japan  Dyestuff  Co.,  since  its  establishment,  is  said  to 
have  produced  about  100  different  kinds  of  dyes,  of  which  40 
are  already  on  the  market.     (P.  186) 

A  firm  in  Manila  is  anxious  to  communicate  with  paint  and 
varnish  manufacturers  in  the  United  States  interested  in  the 
purchase  of  light-colored  grades  of  gimi  copal.  The  name  of 
this  firm  can  be  procured  from  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.     (P.  186) 

A  method  of  securing  dye  from  kaoliang  bran  has  been  dis- 
covered by  mixing  it  with  soda,  sulfate,  etc.  The  brown  and 
black  dyes  produced  by  this  process  have  been  patented  and 
a  patent  to  cover  blue-black  has  been  requested.  (P.  186) 
The  sources  of  thorium  in  Ceylon  are  described.  (Pp.  186-7) 
The  petroleimi  trade  and  industry  in  Belgium  is  reviewed. 
(Pp.  205-6) 

A  bed  of  magnesite,  15  mi.  in  length,  1  Vs  mi.  wide,  and  with 
a  height  of  about  500  ft.  above  the  level  of  the  ground,  is  reported 
to  exist  in  Manchuria.  The  deposit  is  said  to  have  an  estimated 
reserve  of  20,000,000  tons.     (P.  219) 

In  February,  with  only  24  working  days,  the  production  of 
iron  ore  in  Meurthe-et-MoseUe,  France,  amounted  to  541,000 
metric  tons,  as  compared  with  527,000  tons  in  January.     (P.  219) 

It  is  reported  that  if  chemical  and  mechanical  processes  super- 
sede the  primitive  processes  now  employed,  native  Brazilian 
fibers  may  replace  jute  in  the  preparation  of  thread  for  spinning. 

(P.  220) 

According  to  a  published  report,  the  West  Australian  Forest 
Products  Laboratory  and  the  Commonwealth  Institute  of 
Science  and  Industry  have  been  authorized  to  conduct  experi- 
ments on  a  semicommercial  scale,  with  a  view  to  determining 
whether  it  is  possible  to  produce  a  paper  pulp  from  AustraUan 
timber.     (P.  235) 

The  Italian  government  has  removed  the  restrictions  on  the 
exportation  of  all  chemical  products.     (P.  247) 

The  mineral  production  of  Ecuador  is  reviewed.     (P.  250) 

The  mining  industry  for  1921  in  New  South  Wales  is  briefly 
reviewed.     (P.  256) 

An  investment  opportunity  for  American  capital  is  offered 
in  the  mica  fields  of  South  Africa.     (P.  260) 

Statistics  of  Exports  to  tub  Unitbd  Status 

CONSTANTINOPI,B SaUONIKI (P.    122)  NOOALUS.    SoNORA 

(P.    121)  Saffron  (P.    250) 

Borate   stone  Tampico— (P.   207)  Minerals 

Gum    tragacanth  Petroleum  Metals 

iTrZro^     ''''  A„STR,A-,P.    207) 

Gum    tragacanth  Ozokerite  Ath.(n9-(P.      253) 

Licorice  root  Fbdbrathd   Mai,ay  Chrome  ore 

Licorice  paste  Status — (P.  210)  Olive  oil 

Olive  oil  Tin  Tartrate  of  lime 
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Price,  Rs.  1-13-0.     Government  Central  Press,  Poona,  Bombay. 

RECENT  JOURNAL  ARTICLES 

Aluminium:  Influence  of  Cerium  on  Aluminium  and  Other  Light  Metal 
Alloys.  Josef  Schulte.  The  ilelal  Industry,  Vol.  20  (1922),  No.  4, 
pp.  142-44.     Translated  from  iletall  und  Erz. 

Ammonia:  The  Thermal  Dissociation  of  Ammonia  with  Special  Reference 
to  Coke  Oven  Conditions.  G.  E.  Fo.xwell.  Journal  of  the  Society  of 
Chemical  Industry,  Vol.  41  (1922),  No.  8,  pp.  114;-2o(. 

Artificial  Disintegration  of  the  Elements.  Sir  Ernest  Rutherford. 
Journal  of  the  Chemical  Society.  Vol.  121  (1922),  No.  713,  pp.  400-15. 

Asbestos  Milling  and  Mining  in  Quebec.  W.alter  ."V.  RuKeyser.  En- 
gineering and  Mining  Journal-Press,  Vol.  113  (1922),  No.  15,  pp.  617-25; 
No.  16,  pp.  670-77. 

Atomic  Weights  and  Isotopes.  F.  W.  A.ston.  Journal  of  the  Franklin 
Institute,  Vol.  193  (1922),  No.  5,  pp.  581-608. 

Carborundum  Brick.  M.  F.  Peters.  Journal  of  the  American  Ceramic 
Society,  Vol.  5  (1922),  No.  4,  pp.  181-208. 

Chemical  Research  and  Textile  Industry.  Frederick  Albert  Hayes. 
Textile  World,  Vol.  61  (1922).  No.  10,  pp.  31-33. 

Colloids:  The  Transition  from  Crystalloid  to  Colloid  Properties  within 
Homologous  Series.  Edgar  J.  Witzemann.  Journal  of  Physical 
Chemistry,  Vol.  26  (1922).  No.  3,  pp.  201-16. 

Color  in  Relation  to  Dyeing.  J.  Merritt  Matthews.  Color  Trade 
Journal,  Vol.  10  (1922),  No.  5,  pp.  183-88. 

Color:  The  Standardization  of  Colors.  H.  Trillich.  Color  Trade  Journal, 
Vol.  10  (1922),  No.  5,  pp.  194-97.     Translated  from  Farbenzeitung. 

Combustion  of  Complex  Gaseous  Mixtures.  William  Payman  and 
Richard  Vernon  Wheeler.  Journal  of  the  Chemical  Society,  Vol.  121 
(1922),  No.  713,  pp.  363-79. 

Copper:  Heap  Leaching  of  Low-Grade  Copper  Ores.  I.  Joseph  Irving. 
Engineering  and  Mining  Journal-Press,  Vol.  113  (1922),  No.  17,  pp. 
714-21. 

Copper:  Sulfatizing  Roasting  of  Semi-Oxidized  Copper  Ores.  Percy 
R.  MiDDLETON.  Engineering  and  Mining  Journal-Press,  Vol.  113  (1922), 
No.  15,  pp.  629-31. 

Corrosion:  Control  of  Corrosion  by  Deactivation  of  Water.  Frank  N. 
.Speller.  Journal  of  tlie  Franklin  Institute,  Vol.  193  (1922),  No.  4,  pp. 
515-42. 

Drop  Forgings:  The  Testing  of  Drop  Forgings.  Leslie  .\itchison.  Forg- 
ing and  Heat  Treating.  Vol.  8  (1922),  No.  4,  pp.  188-92.  Reprinted  from 
The  Drop  Forger. 

Flash  Point:  The  Physicochemical  Significance  of  Flash-Point  Tempera- 
tures. W.  R.  Ormandv  and  E.  C.  Craven.  The  Chemical  Trade 
Journal  and  Clicmical  Engineer,  Vol.  70  (1922),  No.  1S08,  pp.  41-42. 

Gas:  On  the  Removal  of  Naphthalene.  O.  L.  Kowalke  and  A.  W.  Pesch. 
American  Gas  Journal.  Vol.  116  (11122),  No.  15  (whole  no.  3343),  pp. 
347-49,  3.54-55. 

German  Chemical  Industry:  L'Etat  Actuel  de  la  Grande  Industrie  Chimique 
AUemande.  M.  K.\ltenbach.  Chimie  et  Industrie,  Vol.  7  (1922), 
No.  3,  pp   419-24. 
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Fire  Brick:   Resistance  Tests  on  Fire  Bricks  under  Loads  at  High  Temper- 
atures.    E.  SiEuRiN  AND  Krhdr.  Carlsson.     Journal  of  Ihe   American 

Ceramic  Society,  Vol.  S  (1922),  No.  i,  pp.  170-80. 
Mannite:   Sulla  Fabbricazione  della  Mannite.     1'iero  Fenaroi.i.     Ginrnale 

di  Chimica  Induslrialc  ed  Applicala,  Vol.  4  (1922),  No.  3,  pp.  85-89. 
Optical  Glass:    Pots  Used  in  Optical  Glass  Manufacture.      R.  J.  Mont- 

COMKRV  AND  M.  R.  Scott.      The  Glass  Industry.  Vol.  3    (1922),  No.  5, 

pp.  91-93. 
Paint:   La  Chimie  des  Peintures  en  Batiment  et  son  Evolution  Scientiflque. 

Paul  Razous.     Ulndustrie  Chimiquc.  Vol.  9  (1922),  No.  9S,  pp.  103-0.5. 
Photosj-nthesis  and  the  Functions  of  Pigments  in  the  Living  Plant.     E.  C.  C 

Baly.      Journal  of  the  Society  of  layers   and   Colourisis,    Vol.   38   (1922), 

No.  1.  pp.  4-9. 
Potassium:    La  Production  de  la  Potasse  et  de  I'Alumine  k  Partir    des 

Leucites  Italiennes  au  Moyen  du  Chlore.      Umberto  Pomii.io.     Chimie 

et  Industrie,  Vol.  7  (1922),  No.  3,  pp.  42.5-37. 
Pressure-Volume    Relation    of     Superheated     Liquids.     K.     L.     Wismer. 

Journal  of  Physic^il  Chemistry.  Vol.  26  (1922),  No.  4,  pp.  301-15. 
Steel:    Ball  Bearing  Steel  and  Its  Heat  Treatment.      Carl  T.  Hewitt. 

Parsing  and  Heat  Treating,  Vol.  8  (1922),  No.  4,  pp.  196-98. 

GOVERNMENT    PUBLICATIONS 

Notice — Publications  for  which  price  is  indicated  can  be  purchased  from 
Ihe  Superintendent  of  Documents.  Government  Printing  Office,  Washington, 
D.  C.  Other  publications  can  usually  be  supplied  from  the  Bureau  or  De- 
partment from  which  they  originate. 

Bureau  of  Foreign  and  Domestic  Commerce 

Cement  Industry  of  China.  J.  M.  Clements.  Trade  Information  Bulletin 
7 :  Far  Eastern  Division.      8  pp.      1922. 

Bureau  of  Mines 

Acetylene  as  a  Precipitant  for  Cyanide  Solutions.     John  Gross.      Reports 

of  Investigations  2ii6.     2  pp.      Issued  April  1922. 
Bibliography  of  Articles  Relating  to  the  Preservation  of  Mine  Timber  1921. 

R.    R.   HoRNOR.      Reports  of  Investinalions   2343.     G   pp.     Issued   April 

1922. 
Evaporation  Loss  of  Petroleum  in  the  Mid-Continent  Field.     J.  H.  Wiggins. 

Bulletin  200.      115  pp.      Paper,  20  cents. 
Explosives  Used  in  March  1922.     W.  W.  Adams      Reports  of  Investigations 

2353.      4  pp.      Issued  May  1922. 
Fatalities  at  Coal  Mines  in  February   1922.     W.  W.  Adams.       Reports  of 

Investigations  2334.     4  pp.      Issued  March  1922. 
Preparation  and  Uses  of  Tar  and  Its  Simple  Crude  Derivatives.     W.  W. 

Odell.      Technical  Paper  26S.     84  pp.      Paper,  1.5  cents.      This  report  was 

prepared  under  a  cooperative  agreement  with  the  Illinois  State  Geological 

Survey  and  the   Department  of  Mining  Engineering  of  the  University  of 

Illinois. 
Recent  Articles  on  Petroleum  and  Allied  Substances.     Compiled  by  E.  H. 

Burroughs.      Reports    of    Investigations    2340.      29    pp.      Issued    March 

1922. 
Survey  of  Pacific   Coast  Petroleum  Products.     E     C.   Lane.      Reports  of 

Investigations  2342.      7  pp.      Issued  .Vpril  1922. 

Bureau  of  Standards 

An  Improved  Method  for  Preparing  Raffinose.  E.  P.  Clark.  Scientific 
Paper  432.      Paper,  5  cents. 

How  to  Get  Better  Service  with  Less  Natural  Gas  in  Domestic  Gas  Appli- 
ances.     Circular  116  (Reprint)       7  pp.      Paper,  5  cents. 

Congress 

Fertilizers.  A  bill  to  provide  for  the  manufacture  of  explosives  for  the  use 
of  the  Army  and  Navy,  to  provide  for  the  manufacture  of  fertilizer  for 
agricultural  purposes,  to  incorporate  the  Federal  Chemical  Corporation, 
and  for  other  purposes.  S.  3420.  Introduced  by  Mr.  Norris,  April  10, 
1922;  read  twice  and  referred  to  the  Coniinittec  on  Agriculture  and  Fores- 
try.    10  pp. 

Patents.  A  bill  to  amend  Section  48S(>  of  the  Revised  Statutes  relating  to 
patents.  S.  3410.  Introduced  by  Mr.  Stanley,  April  5,  1922;  read  twice 
and  referred  to  the  Committee  on  Patents.      3  pp. 

Congressional  Committees 

Muscle  Shoals.  Digest  of  the  Statements  made  on  Mu.sclc  Shoals  Proposi- 
tions at  the  Hearings  before  the  Committee  on  Military  Affairs  of  the 
House  of  Representatives,  February  S,  1922,  to  March  13,  1922      44  pp. 

Hearings  before  the  Committee  on  Agriculture  and  Forestry  of  the 
United  States  Senate  on  S.  3420,  to  provide  for  the  numufacturc  of  ex- 
plosives for  the  use  of  the  Army  and  Navy,  to  provide  for  the  mainifacture 
of  fertilizer  for  agricultural  purposes,  to  incorporate  the  Federal  Chemical 
Corporation,  and  for  other  purposes  and  on  the  Henry  I'ord  Muscle 
Shoals  olTer;  offer  made  by  the  Alabanm  Power  Co.,  proposing  to  complete 


Wilson  Dam;  offer  of  Frederick  E.  Engstrum  for  Muscle  Shoals;  and  offer 
of  Charles  L.  Parsons  for  properties  at  Muscle  Shoals,  Ala.  February  16, 
April  10,  12,  and  13,  1922.      Part  I.      96  pp. 

Hearings  before  the  Committee  on  Military  Affairs,  House  of  Representa- 
tives. February  9,  1922,  to  March  13,  1922.     In  one  volume.      120S  pp. 

Scientific  Investigators,  etc.,  Department  of  Agriculture.  Report  to  ac- 
company H.  R.  10819  relating  to  salaries  of  employees  engaged  in  scientific 
work  and  to  appropriations  of  the  Department  of  Agriculture;  submitted 
by  Mr.  Haugen.      H.  Rpt.  785.      2  pp. 

Department   of  Agriculture 

Comparison  of  Com  Oils  Obtained  by  Expeller  and  Benzene  Extraction 
Methods.  A.  F.  .Sievers.  Department  Bulletin  1054.  20  pp.  Paper, 
.5  cents. 

Poisonous  Metals  on  Sprayed  Fruits  and  Vegetables.  W.  D.  Lynch,  C.  C, 
McDonnell,  J.  K.  Havwood,  A.  L.  Quaintance  and  M.  B.  Waite. 
DcDartmcnt  Bulletin  1027. 

Pulpwood  Consumption  and  Wood  Pulp  Production,  1920.  R.  V.  Rey- 
nolds AND  A.  H.  PiERSON.  New  York,  American  Paper  and  Pulp 
Association.  Prepared  in  cooperation  with  the  American  Paper  and  Pulp 
-Association.      39  pp. 

Report  on  Drainage  and  Prevention  of  Overflow  in  the  Valley  of  the  Red 
River  of  North.  P.  T.  Simons  and  F.  V  King.  Department  Bulletin 
1017.     89  pp.     Paper,  50  cents.     1922. 

Sorghum-Sirup  Manufacture.  A.  H  Bryan.  Revised  by  C.  S.  Hudson 
and  S,  F    Sherwood.      Farmers'  Bulletin  477.     38  pp.      Paper,  5  cents. 

The  Chaulmoogra  Tree  and  Some  Related  Species.  A  Survey  Conducted 
in  Siam,  Burma,  Assam,  and  Bengal.  J.  F.  Rock.  With  an  introductory 
chapter  by  David  Fairchild  and  a  chapter  on  the  chemistry  of  chaul- 
moogra, hydnocarpus,  and  gynocardia  oils  by  F.  B.  Power.  Department 
Bulletin  1057.     29  pp.      Paper;  I'Scents^     Published  April  24,  1922. 

The  Manufacture  of  Ethyl  Alcohol  from  Wood  Waste.  F.  W.  Kressman. 
Department  Bulletin  983.      100  pp.     Published  April  6,  1922. 

The  Preparation  of  an  Edible  Oil  from  Crude  Corn  Oil.  A.  F.  Sibvbrs  and 
.1.  H.  Shrader.  Department  Bulletin  1010.  25  pp.  Paper,  5  cents. 
Published  April  3.  1922. 

Geological  Survey 

Bonanza  Ores  of  Comstock  Lode,  Virginia  City,  Nevada.     E.  S.  B.\stin. 

Bullelin  735-C.      63  pp. 
Cadmium   in    1921.     C.    E.    Siebenthal   and   A.    Stoll.     Separate   from 

Mineral  Resources  of  the  United  States,  1921,  Part  I.     5  pp.     Published 

April  10,  1922. 
Gold,  Silver,  Copper,  and  Lead  in  Alaska  in  1920.     Mines  Report.     A.  H. 

Brooks.     Separate  from  Mineral  Resources  of  the  United  States,  1920, 

Part  I.      6  pp.      Published  April  24,  1922. 
Lead  and  Zinc  Pigments  and  Salts  in  1920.     C.  E.  Siebenthal  and  A. 

Stoll.      Separate   from   Mineral  Resources  of  the  United  States,    1920, 

Parti.     4  pp.      Published  April  26,  1922.  '        , 

Mica  in  1920.     B.  H.  Stoddard.     Separate  from  Mineral  Resources  of  the 

United  States,  1920,  Part  II.      5  pp.      Published  .\pril  12,  1922. 
Natural-Gas  Gasoline  in  1920.      E.  G.  Sievers.      Separate  from  Mineral 

Resources  of  the  United  States,  1920,  Part  II.     12  pp.     Published    .April 

28,  1922. 
Ore  Deposits  of  Sierrita  Mountains,  Pima  County,  Arizona.     F.  L.  Ra.v- 

sosii;.      Bullelin  725-J.     4  pp. 
Sulfur  and  Pyrites  in  1919.     P.  S.  Smith.     Separate  from  Mineral  Resources 

of  the  United  States,  1919,  Part  II.      12  pp.      Published  .\pril  29,  1922. 
The  Arkansas  River  Flood  of  June  3-5,  1921.     Robert  Follansbbb  and 

E    E.  Jones       Water-Supply  Paper  487.     Paper,  10  cents.     1922. 
Tin  in   1920.     B.  L.  Johnson.     Separate  from  Mineral  Resources  of  the 

United  States,  1920,  Part  I,     5  pp.     Published  .\pril  2",  1922. 

Public  Health  Service 

A  Survey  of  Natural  Illumination  in  an  Industrial  Plant.  With  Special 
Reference  to  the  Use  of  the  Indoor-Outdoor  Ratio  in  Establishing  Stand- 
ards of  Daylight  Illumination.  C  -E  .\  Winslow  and  Leonard  C.heen- 
Bl'KG.      Public  llcit'lh  Reports  37  (April  14.  1922),  876-87. 

The  Comparative  Antiscorbutic  Values  of  Milk.  J.  M.  Johnson  and  C.  W. 
Hooper.     Public  Health  Reports  37  (April  28,  1922),  989-1021. 

Tariff  Commission 

Summary  of  Tariff  Information    1921.     Relative  to  the   Bill    II.    R.  7456. 

Ili25  pii.      Paper,  Jl  2.5.      1922. 
Tariff  Information  Surveys.     Revised  edition,  1922.     FL-3J.     On  articles 

in  paragraphs  631-637  of  Tariff  Act  of  1913  and  related  articles  in  other 

paragraphs.     Tin.     45  pp.     Paper,  10  cents. 
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MARKET  REPORT— MAY,  1922 


[Supplied  by  Drug  &  Chemical  Markets] 


April  and  May  saw  a  decided  increase  in  the  activity  of  the 
hea\-y  chemical  market.  The  attitude  of  consumers  has  been 
gradually  changing  from  one  of  timidity  in  the  face  of  possible 
price  declines  to  one  of  increasing  confidence.  Not  only  is  this 
true  of  American  buyers  but  of  foreign  buyers  as  well,  and  has 
reflected  itself  in  all  chemical  markets.  During  this  period 
advances  have  been  announced  on  many  imported  products 
which  have  been  sufficient  to  turn  much  of  the  business  of  chemi- 
cal importers  into  the  hands  of  domestic  manufacturers.  The 
cause  of  these  advances  seems  to  be  increased  activity  on  the  part 
of  continental  buyers  as  well  as  those  in  South  America  and  Japan. 
Undoubtedly  the  prospect  of  higher  duties  on  most  imports 
is  exerting  some  influence  on  exporters  abroad  and  is  tending 
to  increase  the  firmness  of  their  prices  to  us. 

In  the  domestic  situation,  the  coal  and  textile  strikes  are  con- 
sidered highly  important  from  the  market  standpoint.  Coal- 
tar  distillates  have  been  scarce  and  very  firm  for  months  past 
for  two  primary  reasons.  The  motor  fuel  industry  has  absorbed 
large  quantities  of  the  lighter  distillates,  which  they  can  use 
in  a  less  refined  state  than  that  required  by  the  chemical  manu- 
facturers, and  no  surplus  of  these  materials,  benzene,  toluene, 
and  xylene,  has  been  allowed  to  accumulate.  The  limited  ac- 
tivity of  the  iron  and  steel  industry  has  necessarily  held  the  ac- 
tivity of  the  coke  ovens  at  a  minimum,  and,  now  that  the  furnaces 
are  being  put  into  blast  again,  supplies  of  coal  are  dwindling 
on  accoimt  of  the  miners'  strike. 

The  New  England  textile  districts  are  almost  completely 
tied  up  by  the  strike  of  the  textile  workers  there,  and  their 
ordinarily  hea'vy  consumption  of  chemical  products  has  been 
reduced  to  a  minimum.  Stocks  in  their  warehouses  are  practi- 
cally nil,  certainly  not  large  enough  to  cover  a  week's  require- 
ments. In  the  meantime  the  strikers  are  becoming  more  and 
more  anxious  to  get  back  to  work.  It  is  generally  believed 
now  that  not  less  than  759c  of  the  strikers  would  return  to  work 
immediately  if  the  mills  were  opened.  However  that  may  be, 
there  is  expected  to  be  a  more  or  less  sudden  increase  in  the 
requirements  of  the  mills  on  opening  which  will  force  even  greater 
firmness  into  a  market  which  is  practically  bare  of  stocks.  This 
extreme  effect  will  probably  be  only  temporary-,  however,  on 


account  of  the  fact  that  makers  are  expected  to  be  able  to  get 
into  operation  easily  within  a  week. 

Price  fluctuations  in  heavy  chemicals  were  rather  widely 
distributed.  Barium  chloride  rose  sharply  late  in  April  but 
settled  to  the  American  makers'  level  in  May.  Caustic  soda 
in  the  resale  market  advanced  on  increased  export  demand. 
At  the  same  time  decided  weakness  developed  in  all  chlorine 
products,  especially  bleaching  powder.  Prussiates  of  soda  and 
potash  have  recovered  from  their  recent  weakness  and  appear 
to  be  due  for  further  advances.  Nitrogenous  fertilizers  are 
weaker.     Metal  prices  are  generally  firmer. 

Medicinal  chemicals  have  moved  more  slowly  but  prices 
in  this  section  of  the  market  are  held  firm.  The  first  two  weeks 
of  May  witnessed  distinct  falling  off  in  demand  for  which  no 
definite  cause  has  been  assigned.  Both  manufacturers  and 
importers  have  refused  to  be  stampeded  into  price  concessions, 
but  on  the  contrary  are  generally  quoting  slightly  higher. 

Demand  for  coal-tar  products  has  been  very  slow  and  sales 
have  generally  been  made  at  concessions.  Price  cutting  in  ani- 
line oil  and  beta-naphthol  has  become  very  serious  and  present 
quotations  are  said  to  be  below  production  costs.  Comjjetition 
in  para-nitroaniline  following  the  entrance  of  a  new  maker  into 
the  field  may  reach  serious  proportions.  Strictly  prime  white 
U.  S.  P.  phenol  is  scarce  and  closely  held  although  government 
surplus  of  stocks  of  slightly  colored  stuff  are  still  available  in 
good  quantity.  Benzene  and  toluene  are  very  firm  from  re- 
finers with  stocks  held  very  low.  Naphthalene  is  comparatively 
soft  with  only  scattered  demand. 

Oils  have  continued  their  steady  advance  started  nearly  a 
year  ago  but  the  actual  amount  of  business  transacted  has  been 
of  a  rather  limited  nature.  Linseed  oil  has  been  advancing 
on  the  prospect  of  the  tariff  and  lower  prices  on  oil  cake  and  meal. 
Importers  of  linseed  oil  have  been  forced  to  advance  their  prices 
proportionately  and  continue  to  receive  large  shipments  of 
foreign  oil.  Cottonseed  oil  is  scarce,  but  steady  on  light  routine 
demand.  Fish  oils  are  scarce,  particularly  menhaden  and  cod 
oils.  PeriUa  and  teaseed  oils  from  the  Orient  are  attracting 
much  more  attention  here.  Turpentine  has  fluctuated  widely 
but  shows  little  net  change.     Rosin  prices  are  lower. 
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FIRST-HAND  PRICES  FOR  GOODS   IN   ORIGINAL  PACKAGES    CREVAILINO    IN    THE    NEW    YORK    MARKET 


INORGANIC  CHEMICALS 


May  I 


May  I.-) 


Jan.  1022 


Acid.  Boric,  cryst.  bhls lb. 

Hydrochloric,  comm'l.  20°  lb. 

Hydrofluoric,   30%   bbls.  .lb. 

Hydriodic,  sp.  gr.  I.lo0...1b. 

Nitric.  42°,  cbys.  c/1  wks.lb. 

Phosphoric,  50%  tech lb. 

Sulfuric.  C.  P lb. 

66°  tks.  wks ton 

Oleum  20% ton 

Alum,  Ammonia,  lump lb. 

Potash,  lump lb. 

Chrome lb. 

Soda .  ground lb . 

Aluminium  Sulfate  (iron-free)  .lb. 
Ammonium  Carbonate,  pwd...lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°... lb. 

Arsenic,  white lb. 

Barium  Chloride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  35%,  works 

100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ,  .  .ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals. .  .lb. 

Nitrate lb. 

Red lb. 

White  (Carb.) lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tech. ..lb. 

Magnesite.  calcined ton 

Phosphorus,  yellow lb. 

Red lb. 

Plaster  of  Paris bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc,  80-85%. !b. 

Chlorate,  cryst lb. 

Hydroxide,  88-92% lb. 

Iodide,  bulK lb. 

Nitrate :  .  -lb. 

Permanganate,  U.  S.  P...  .lb. 

Prussiate,  red lb. 

Yellow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76%.  N.  Y. .  100  lbs. 


♦Resale  or  Imported  (not  an  American  makers'  price). 
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Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide,  96-98% lb. 

Fluoride,  tech lb. 

Hyposulfite,  bbls 100  lbs. 

Nitrate.  93% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sod.),tech.  .lb. 

Silicate,  40° lb. 

.Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

O.Nide.  bbls lb. 
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ORGANIC  CHEMICALS 


Acetanilide.  U.  S.  P.  bbls lb. 

Acid,  Acetic,  28  p.c 100  lbs. 

Glacial lb. 

Benzoic,    U.  S.  P lb. 

Carbolic,  cryst.,  U.  S.  P., 

drs lb. 

50-  to  110-lb.  tins lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks... lb. 

Pyrogallic,  resublimed. ..  .lb. 

Salicylic,  U.  S.  P lb. 

Tannic,  U.  S.  P.,  bbls lb. 

Tartaric,  cryst.,  U.  S.  P. .  .lb. 

Acetone,  drums lb. 

Alcohol,  denatured,  complete, gal. 

Ethyl,  190  proof,  bbls.. .  .gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  cases ...  lb. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P.,  drums. .  .lb. 

Creosote,  U.  S.  P lb. 

Cresol,  U.  S.  P lb. 

Dextrin,  com 100  lbs. 

Imported  Potato lb. 

Ether,  U.  S.  P.,  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums. . .  .lb. 

Methanol,  pure,  bbls gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pyridine gal. 

Starch,  corn,  pow'd 100  lbs. 

Potato,  Jap lb. 

Sago lb. 
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OILS,  WAXES,  ETC. 


Beeswax,  pure,  white lb. 

Castor  Oil,  No.  3 lb. 

Ceresin.  yellow lb. 

Com  Oil,  crude,  tanks,  mills.,  ,1b. 
Cottonseed  Oil,  crude,  f.  o.  b. 

mill lb. 

Linseed  Oil,  raw,  c/I gal. 

Menhaden  Oil,  crude,  mills.,  .gal. 

Neafs-toot  Oil,  20° lb. 

Paraffin,  128-130  m.  p.,  ref lb. 

Rosin,  "F"  grade,  280  lbs,,  .  ,bbl. 

Rosin  Oil.  first  run gal. 

Shellac,  T.  N lb. 

Sperm  Oil,    bleached    winter. 

as" gal. 

Stearic  .\cid,  double  pressed.,  .lb. 

Tallow  Oil,  acidless lb. 

Turpentine,  spirits  of gal. 


May  1 

.33 
.11 

OTA 
.09)^ 

.10 
.88 
.40 
.24 
-  03?'4 
o.  35 
,36 


,69 
.0914 
.10 
.92 


METALS 


Aluminium.  No.  1.  ingots lb. 

Antimony,  ordinary 100  lbs. 

Bismuth lb. 

Copper,  electrolytic lb. 

Lake lb. 

Lead,  N.  Y 100  lbs. 

Nickel,  electrolytic lb. 

Platinum,  refined,  soft oz. 

Quicksilver,  flask 75  lbs.  ea. 

Silver,  foreign oz. 

Tin lb. 

Tungsten  Wolframite. . .  .per  unit 
Zinc,  N.  Y 100  lbs. 


17'A 

30 

10 

12  J^ 

12>^ 

45 

39 

00 

00 

6SH 

31 

00 

30 


May  15 

.35 
.11 
.07M 
.09M 

.10 
.90 
.40 
.24 
.03Ji 
5.50 
.36 
.73 

1.69 
.09!-^ 
.10 
,91 


.17K 

5.37}^ 

2,10 
.13H 
A3H 

5.35 

.39 

90,00 

55,00 

.72H 

.30  J  8 

2,00 

5,45 


FERTILIZER  MATERIALS 


Ammonium  Sulfate,  expt, ,  100  lbs. 

Blood,  dried,  f,  o,  b.  N.  Y unit 

Bone,  3  and  50,  ground,  raw. .ton 
Calcium   Cyanamide,  unit   of 

ammonia 

Fish  Scrap,  dried,  wks unit     3. 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton 

Tennessee,  78-80% ton 

Potassium  Muriate,  80*^  . .  .  .unit 
Tankage,  high-grade,    f.  o.  b, 

Chicago unit      3, 


Jan.  1922 

.33 
.lOH 
.07K 
.06H 

.07 
.69 
.35 
■  16% 
.05 
5.30 
.36 
.66 

1.70 
.09% 
.10 

.82H 


.17 

4.55 

1  SO 
.13K 
.13Ji 

4.70 

.45 

78,00 

52.00 

.65K 

■  Z2H 

2.00 

5.20 


3.60 

3,50 

2,60 

3.65 

3.65 

3,50 

28.00 

28.00 

30,00 

2.25 

2,25 

2.25 

.50  &  ,10 

3  50& 

.10 

3.25  & 

3,00 
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5.00 
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*,60 

*.60 
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65  &  .  10 

3,65  & 

10 

3.00  & 

COAL-TAB  CHEMICALS 


.10 


Crudes 

Anthracene,  80-S5% lb. 

Benzene,  pure,  tanks gal. 

Naphthalene,  flake lb. 

Phenol,  drums lb. 


.29 

.29 

.29 

.06;-2 

.06J^ 

.07K 

.12 

.12 

.11 

Crudes  (concluded) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.    range, 

tanks gal. 

Intermediates 
Acids; 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Naphthionic,  crude lb. 

Nevile  &  Winther's lb. 

Picric lb. 

Sulfanilic lb. 

Tobias' lb. 

Aminoazobenzene lb. 

Aniline  Oil lb. 

Aniline  Salt lb. 

Anthraquinone    (sublimed) ...  .lb. 
Benzaldehyde,  tech lb. 

U.  S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb . 

Diaminophenol lb. 

Dianisidine lb. 

/>-Dichlorobenzene lb. 

Diethylaniline lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Dinitrotoluene lb. 

Diphenylamine lb. 

GSalt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

fc-Naphthol.  dist lb. 

a-Kaphthylamine lb. 

6-Naphthylamine lb. 

wi-Nitroaniline lb. 

/>-Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane)  . .  .lb. 

/>-Nitrophenol lb. 

o-Nitrotoluene lb. 

i>-Nitrotoluene lb. 

Tn-Phenylenediamine lb. 

/'-Phenylenediamine lb. 

Phthalic  Anhydride lb. 

RSalt lb. 

Resorcinol,  tech lb. 

U.  S.  P lb. 

Schaeffer's  Salt lb. 

Sodium  Naphthionat  ■ lb. 

Thiocarbanilide lb. 

Tolidine  (base) lb. 

Toluidine,  mixed lb. 

o-ToIuidine lb. 

p-Toluidine lb. 

m-Toluylenediamine lb, 

Xvlidine lb. 
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.25 
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1.50 
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1.40 
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.70 
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4.50 

4.75 

.17 
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.15 

.60 

.60 

.90 

.36 

.36 

.40 

.20     ■ 

.20 

.21 

.20 

.20 
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.58 

.58 

.58 

.65 

.65 

.70 

1.10 

.90 

1.35 

.10 

.10 

.10 

1.00 

1.00 

1.00 

.28 

.25 

.30 

.30 

.30 

.30 

.95 

.95 

1.05 

.72 

.72 

.85 

.75 

.73 

.77 
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.75 

.75 
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.60 
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1,00 

1.10 

1.50 

1,.50 

1.60 

.33 
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1.15 
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.16 

.16 
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1.10 

.95 
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